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ABSTRACT 

Population declines of many migratory grassland bird populations in North 

America over the last several decades are thought to be the result of widespread loss of 

suitable breeding habitat. However, reclamation of surface mining operations in the 

midwestern and eastern United States has created breeding habitat for many grassland 

bird species. In western Pennsylvania, >35,000 ha of reclaimed surface mine grasslands 

are occupied by grasshopper sparrows (Ammodramus savannarum), Henslow’s sparrows 

(Ammodramus henslowii), and Savannah sparrows (Passerculus sandwichensis) in 

densities comparable to traditional grassland habitats. Henslow’s sparrows in 

Pennsylvania nest almost exclusively on reclaimed surface mines. Many species of 

grassland birds suffer increased nest predation on small (<100 ha) grasslands, and 

although successful reproduction of grassland sparrows has been documented on large 

(≥1,000) reclaimed mine grasslands, most reclaimed mine grasslands in Pennsylvania are 

small (≤100 ha) and nesting success has not been quantitatively described. To assess 

habitat suitability of reclaimed mine grasslands for nesting grassland sparrows, I 

investigated nest survival, nest site selection, and site fidelity of grasshopper, Henslow’s, 

and Savannah sparrows on four reclaimed surface mines in Clearfield and Clarion 

counties in western Pennsylvania, USA, in 2006 – 2007. 

There were few clear and consistent patterns in nest site selection, but, in general, 

all three species placed nests in areas with few shrubs, even though they frequently used 

shrubs as perches. Henslow’s sparrows placed nests in deeper litter than grasshopper and 

Savannah sparrows. Henslow’s and Savannah sparrows tended to avoid steep slopes more 
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than grasshopper sparrows, and grasshopper and Henslow’s sparrows preferred areas 

where the view to the horizon was not steep. All three species avoided placing nests in 

areas with extensive bare ground. 

Grasshopper and Henslow’s sparrow nests that were well concealed were less 

likely to fail than highly visible nests, and nests in areas with a deep litter layer were 

more likely to fail than nests in shallow litter. Savannah sparrow nests in areas with high 

visual obstruction by vegetation were less likely to fail than nests in areas with sparse and 

short vegetation. Daily probability of survival for grasshopper sparrow nests followed a 

quadratic seasonal trend where survival was greatest early and late in the breeding 

season. Survival of Savannah sparrow nests followed a decreasing linear seasonal trend. 

There was no seasonal trend in survival of Henslow’s sparrow nests. For all three species, 

nest survival was greater on days with rainfall events, and for nests of grasshopper and 

Henslow’s sparrows, but not Savannah sparrows, survival increased with increasing 

maximum daily temperatures. Overall nest success was 0.422 (95% CI = 0.362 – 0.493) 

for grasshopper sparrows, 0.369 (95% CI = 0.288 – 0.472) for Henslow’s sparrows, and 

0.158 (95% CI = 0.066 – 0.379) for Savannah sparrows. 

Average annual apparent survival was 0.41 (95% CI = 0.31 – 0.54) for male 

grasshopper sparrows and detection probability was 1. For male Henslow’s sparrows, 

average annual apparent survival was 0.33 (95% CI 0.10 – 0.68) and detection probability 

was 0.43 (95% CI 0.08 – 0.87).  

Male grasshopper sparrows banded in 2006 were 5.6 (95% CI = 1.7 – 18.5) times 

more likely than females to return in 2007, but the female return rate likely was 

underestimated because I could not estimate a detection probability. Measures of 
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reproductive success poorly predicted probability of return for both males and females. 

The median inter-annual territory shift was greater for female grasshopper sparrows 

(median = 69 m) than for male grasshopper sparrows (median = 33 m), and both males 

and females that had at least one successful nest in 2006 shifted territories shorter 

distances in 2007 than birds that had no successful nests in 2006. No returning female 

Henslow’s sparrows were detected. Of 30 male and 14 female Savannah sparrows present 

on the study areas in 2006, 11 males (37.7%) and 2 females (14.3%) were seen in 2007. 

Simulations of finite rates of population increase, λ, suggested that reproductive 

success of grassland sparrows on my study areas, especially of grasshopper and 

Henslow’s sparrows, was adequate to maintain stable populations. Lambda was more 

sensitive to juvenile survival than to adult survival, and for grasshopper and Henslow’s 

sparrows, exceeded 1 when juvenile survival was ≥0.2. When survival of juvenile 

Savannah sparrows was 0.2, λ was >1 only when adult survival was 0.6, but always was 

>1 when juvenile survival was ≥0.4.  

Results of this study confirm that reclaimed surface mines likely support 

sustainable populations of grasshopper, Henslow’s, and possibly Savannah sparrows, and 

thus can play an important role in the conservation of these species in Pennsylvania. This 

especially is the case for Henslow’s sparrows in Pennsylvania, which nest almost 

exclusively on reclaimed surface mine grasslands. Reclaimed surface mines require less 

active management that other grasslands to prevent succession to woody species, and also 

generally are not attractive for agricultural purposes. Consequently, and in light of 

relatively poor reproductive success on of these species on agricultural grasslands, 

reclaimed surface mines are ideally suited for management as grassland bird habitat.
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Chapter 1 
 

Introduction and Research Objectives 

Grasslands and Grassland Songbird Populations 

Many species of grassland birds have experienced dramatic and sustained 

population declines across much of their traditional range (Samson and Knopf 1994, 

Peterjohn and Sauer 1999, Sauer et al. 2007). Declines largely have been attributed to 

loss and fragmentation of breeding and wintering habitat (Herkert 1994, Vickery et al. 

1994, Herkert 1995, Igl and Johnson 1997, Peterjohn and Sauer 1999) and decreased 

reproductive success in degraded or fragmented habitat (Johnson and Temple 1990, 

Winter and Faaborg 1999, Herkert et al. 2003, Stephens et al. 2004). Mortality during 

migration also may have contributed to declines in grassland bird populations, but there is 

little information regarding mortality rates or historic trends in mortality during 

migration. Known mortality hazards for migrating birds include electrical transmission 

lines (Mannville 2005), wind energy turbines (Erickson et al. 2001), and large buildings, 

especially those with a large percentage of glass surface area (Klem 1990), but the extent 

to which these hazards have altered mortality rates during migration is not known for any 

species. Moreover, comparisons of return rates or annual apparent survival between 

populations of migratory songbirds usually are confounded by the inability to 

differentiate mortality from incomplete fidelity to breeding sites (Marshall et al. 2004). 

Because of logistical and analytical difficulties with quantifying effects of migratory 
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hazards on migratory grassland bird populations, most research of grassland songbirds 

has focused on breeding habitat and demographics. 

Historically, tall-grass prairie was an important breeding habitat for grassland 

birds, but >99% of tall-grass prairie habitat present in the mid-western United States at 

the time of European settlement has been developed or converted to agricultural uses 

(Samson and Knopf 1994). Most tall-grass prairie and other natural grasslands were 

located in the midwestern United States, and there is limited historical information about 

the distribution of naturally occurring grasslands or grassland birds in the eastern United 

States. However, agriculture activity and intentional forest burning by Native Americans 

and the activities of beavers (Castor canadensis) are thought to have created sufficient 

open grassland habitat to support eastern populations of grassland birds (Askins 1999). 

Two additional lines of evidence support the notion that grasslands bird populations in 

the eastern United States occupied historical grasslands and do not merely represent 

eastward range expansions following the clearing of extensive portions of eastern forests. 

First, fossil evidence points to the existence of grassland species >10,000 years ago in 

Pennsylvania, and second, the distinctiveness of some eastern subspecies of grassland 

birds suggests that these populations existed in isolation for a long time (Askins 1999).  

Despite losses of traditional grassland bird habitat, enactment of the Conservation 

Reserve Program (CRP) in 1986 and reclamation or abandonment of extensive 

bituminous coal surface mines during the latter half of the 20th century have created new 

habitat on a large scale in the United States. Although the purpose of the CRP was to 

reduce soil erosion (Dunn et al. 1993), there is considerable evidence that CRP fields also 

provide benefits to various species of wildlife, especially grassland obligate birds. 
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Grassland birds often occur in greater densities in CRP fields than in surrounding 

croplands (Johnson and Schwartz 1993, Johnson and Igl 1995, Best et al. 1997), and 

numerous studies have demonstrated the suitability of CRP fields for providing nesting 

habitat for both grassland passerines (Patterson and Best 1996, Best et al. 1997, Koford 

1999, McCoy et al. 1999) and waterfowl (Reynolds et al. 2001). Habitat modeling and 

simulations suggest that the abundance of  many species of grassland birds would decline 

dramatically if CRP fields were converted to croplands (Johnson and Igl 1995, Niemuth 

et al. 2007), and there is evidence that extensive CRP enrollment has led to recent 

increases in the population of Henslow’s sparrows in Illinois (Herkert 2007b) and 

elsewhere (Herkert 2007a). More than 14 million hectares were enrolled in the CRP in 

2006, the vast majority in the mid-western and western prairie states, with enrollment 

exceeding 500,000 hectares/state in many states (FSA 2007). Enrollment is much less 

extensive in the eastern United States, and evidence for the benefits of the CRP for 

grassland birds is not as convincing as in the prairie states, possibly because CRP 

grasslands tend to be smaller in the East than in the Midwest (FSA 2007). For many 

grassland bird populations, nest predation tends to be greater on smaller than on larger 

grassland fragments (Winter and Faaborg 1999, Herkert et al. 2003, Stephens et al. 2004), 

and population densities tend to be lower on smaller fragments than on larger fragments 

(Winter et al. 2000, Ammer 2003, Renfrew et al. 2005). Nevertheless, CRP fields in the 

East can host high densities of some grassland birds (Gill et al. 2006). 

Surface mine grasslands, although not as extensive as CRP habitat, represent a 

substantial alternative habitat to cropland and CRP habitat for grassland birds in the 

upper midwestern and eastern United States. Vegetation on these grasslands typically 
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consists of hardy and largely exotic grasses, forbs, and some scattered woody shrubs and 

small trees (Piehler 1987, Brothers 1990, Mattice et al. 2005). Surface mine grasslands 

exist in widely distributed fragments ranging in size from >1,000 hectares in a mostly 

agricultural matrix in Indiana (Bajema et al. 2001), Ohio (Ingold 2002), and Illinois 

(Brothers 1990), to ≤100 hectares in largely forested landscapes in West Virginia 

(Whitmore 1980), Maryland (Skipper 1998), Kentucky (Monroe and Ritchison 2005), 

and Pennsylvania (Piehler 1987). Numerous species of grassland birds occupy reclaimed 

surface mine grasslands (Wray et al. 1982, Skipper 1998, Bajema et al. 2001, Ingold 

2002, Galligan et al. 2006), but only a few studies have addressed reproductive success 

and population ecology in these habitats (Wray et al. 1982, Ingold 2002, Ammer 2003, 

Monroe and Ritchison 2005, Galligan et al. 2006).  

In western Pennsylvania, reclaimed surface coal mines comprise >35,000 ha of 

potentially suitable habitat for grassland birds, and may represent some of the most 

important breeding habitat in Pennsylvania for grassland-obligate sparrows (Mattice et al. 

2005). Grasshopper  (Ammodramus savannarum; GRSP), Henslow’s (A. henslowii; 

HESP), and Savannah sparrows (Passerculus sandwichensis; SAVS) occupy these sites 

in densities comparable to populations found in CRP fields and remnant tall-grass prairie, 

and the Henslow’s sparrow population in Pennsylvania may account for a substantial 

portion of the global population (Mattice et al. 2005, Diefenbach et al. 2007). Data from 

the first Pennsylvania Breeding Bird Atlas (Reid 1992) indicated that Henslow’s 

sparrows in Pennsylvania likely nest primarily on reclaimed surface mines. Preliminary 

data from the second Pennsylvania Breeding Bird Atlas (2nd PBBA, unpublished data, 

http://www.carnegiemnh.org/atlas/home.htm) indicate that the range of the Henslow’s 
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sparrow within Pennsylvania now is restricted almost exclusively to the region in western 

Pennsylvania with the most extensive concentration of reclaimed surface mines.  

Reclaimed surface mine grasslands may represent very important nesting habitat 

for grassland birds for several reasons. Poor soils typical of reclaimed surface mines 

discourage growth of woody vegetation (Brothers 1990); thus relatively little 

management is be required to maintain reclaimed mines as grasslands. Also, because 

soils are poor, reclaimed surface mines tend to remain undisturbed by agricultural 

activity. Given that reproductive success of grassland birds often is poor on agricultural 

land (Rodenhouse and Best 1983, Bollinger et al. 1990), it is important to assess whether 

reproductive success and site fidelity on reclaimed surface mines is adequate to sustain 

viable populations of grassland songbirds in these habitats.  Reproduction of grassland 

sparrows, although incidentally observed (Mattice et al. 2005), had not been 

quantitatively described on reclaimed mines in Pennsylvania prior to this study. 

Furthermore, there is little information available about site fidelity of grassland birds on 

reclaimed surface mines in Pennsylvania or elsewhere. 

Grassland Songbird Nesting Ecology 

In most passerine nesting studies, the most common cause of nest failure is 

predation (Martin 1992), although in some intensively managed grasslands mowing can 

be an important source of nest failure (Kershner and Bollinger 1996). Predation rates can 

vary temporally and can be influenced by edge effects, fragmentation, parasitism, 

weather, and nest age. Winter et al. (2000) attributed increased predation to edge effects, 
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but generally fragmentation effects are most common when considered at a landscape 

scale (Stephens et al. 2004).  

Rates of nest parasitism by brown-headed cowbirds (Molothrus ater) may be 

inversely related to field size (Davis and Sealy 2000), and increased parasitism has been 

found when shrubs near grassland nests provided perching sites for cowbirds (Wiens 

1963). Parasitism rates of grassland songbird nests tend to be low (Dixon 1978, Winter 

1999, Peer et al. 2000, Winter et al. 2000, Ammer 2003, Winter et al. 2004, Renfrew et 

al. 2005), but several studies found that 50% of grassland bird nests contained cowbird 

eggs (Hill 1976, Elliott 1978, Davis and Sealy 2000). Parasitism by cowbirds can lower 

reproductive success by causing parents to abandon nests, decreasing daily nest survival 

rates (DSR), or decreasing the number of host young that successfully fledge (Davis and 

Sealy 1998, Winter 1999, Davis and Sealy 2000).  Over a large geographical scale, the 

best overall predictor of parasitism levels seems to be regional cowbird density (Herkert 

et al. 2003). Because cowbird density in western Pennsylvania is relatively low (Sauer et 

al. 2007), I did not expect to find much parasitism of grassland sparrow nests. 

In some cases, DSR of altricial birds decreases after eggs hatch, presumably 

because increased parental activity around the nest provided increased cues for predators 

(Jehle et al. 2004). Nonlinear relationships of nest age to DSR, where survival increases 

during the incubation period, declines immediately after hatching, and increases during 

the brooding stage, also have been documented for grassland birds (Davis 2005, Grant et 

al. 2005).  

Temporal trends in DSR are common in grassland birds (Dinsmore et al. 2002, 

Winter et al. 2004, Grant et al. 2005, Winter et al. 2005a), and often are attributed to 
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variations in predation rates or predator densities at different times during the breeding 

season. Large seasonal changes in grassland vegetation occurring on reclaimed surface 

mines also may temporally influence predation rates, but it is not clear whether trends 

would be linear or quadratic.  

If the major cause of nest failure is predation, then nest site vegetation should 

influence nest survival largely to the extent that it influences the ability of nest predators 

to find nests, and in general there should be selective pressure to place nest in locations 

where nest predation is minimized. However, when birds nest in novel or rapidly 

changing landscapes, selective pressure may not keep pace, and territory and habitat 

selection by songbirds may not always optimize nest success (Gates and Gysel 1978, 

Mermoz and Reboreda 1998, Misenhelter and Rotenberry 2000). Such situations where 

birds prefer to nest in habitats where fitness is not optimal have been termed ecological 

traps (Gates and Gysel 1978, Donovan and Thompson 2001). It is not clear whether such 

ecological traps operate only at the landscape or habitat scale or also the nest scale. Nest 

success of sage sparrows (Amphispiza belli) was lower in preferentially selected 

territories, but selection at the nest-site scale, given prior territory selection, did not 

influence nest success (Misenhelter and Rotenberry 2000). Grassland bird nests sites 

sometimes are associated with specific vegetative characteristics (Robb et al. 1998, Dieni 

and Jones 2003), and it seems plausible that nest sites are not selected randomly, but it 

isn’t clear whether birds use the same vegetation criteria as at the territory or patch scale 

(Misenhelter and Rotenberry 2000).   

Despite numerous studies of grassland-nesting songbirds, no clear patterns have 

emerged that link specific vegetation features either with nest survival or nest site 
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selection. This could be because of differing methodologies used to measure vegetation 

or to estimate nest survival or nest site selection, or it could be because of inherent spatial 

or temporal variability of nest survival and vegetation across or within grasslands. 

Inherent variability could be a result of diverse suites of potential nest predators that 

minimize selective pressure for birds to find predictably safe nest sites (Filliater et al. 

1994).  

Several grassland studies have demonstrated some effect of nest-site vegetation 

on nest success, presumably through nest predation (Mezquida and Marone 2001, Davis 

2005), but others have failed to conclusively demonstrate such a link (Winter 1999, 

Winter et al. 2004, Winter et al. 2005a, Galligan et al. 2006). Vukovich and Ritchison 

(2006) suggested that northern harrier (Circus cyaneus) nests that were highly concealed 

were less likely to fail from predation than were highly visible nests, but nest visibility 

did not influence nest survival of Baird’s sparrows (Ammodramus bairdii) (Davis and 

Sealy 1998). There are few data on abundance of potential nest predators on reclaimed 

surface mines, but I observed a diverse suite of potential predators, including mammals, 

birds, and snakes. If many of these potential predators hunt by sight it is reasonable to 

expect a positive relation between nest concealment and nest survival.  

Vegetation can increase hatching success (Pleszczynska 1978) or growth rates of 

nestlings (Lloyd and Martin 2004) by shading nests, and some grassland birds orient nest 

for maximal shading during the hottest part of the day (Hoekman et al. 2002, Hartman 

and Oring 2003, Burton 2006).  Sparrow nests on reclaimed surface mines tend to be 

hooded and deep under vegetation, but incidental observations from the 2003 field season 

(M. R. Marshall, unpublished data) indicate no strong directional preference. However, if 
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orientation influences the microclimate of nests enough to influence hatching success, 

nests should be oriented preferentially to the northeast to maximize afternoon shading, 

and nests oriented in the preferred direction should have a greater hatching rate than other 

nests.  

Chase et al. (2005) documented decreased nest predation rates for a population of 

song sparrows (Melospiza melodia) in years with increasing annual rainfall, and 

attributed the decrease in predation to either 1) increased food availability for birds 

allowing more time for nest guarding, 2) increased alternate food sources for predators, 

or 3) greater vegetative concealment of nests. Increased rainfall during the month of May, 

however, led to a decrease in reproductive success, presumably from increased exposure 

of nests, starvation of nestlings, or parental abandonment after rainstorms, rather than 

from increased predation. The number of young fledged per nest also increased with 

decreasing temperature during the breeding season, presumably because dehydration 

stress in vegetation decreases abundance of invertebrate food sources (Chase et al. 2005). 

In North Dakota, nesting success of several grassland birds declined during a severe 

drought in 1988, but there was no obvious effect on bird densities the following year 

(George et al. 1992). Isolated extreme weather events (thunderstorms, high wind, heavy 

rains) sometimes destroy nests, but are not believed to be major sources of nest failures 

(Gates and Gysel 1978, Davis and Sealy 1998). On reclaimed surface mines weather 

could influence daily nest survival if it influences activity of potential nest predators. For 

example, snakes are believed to be major predators of grassland songbird nests on 

reclaimed mines (Wray et al. 1982), and because snake activity decreases during periods 
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of rain or when temperatures are low (Morrison and Bolger 2002), DSR may increase 

during these periods.  

Site and Territory Fidelity in Migratory Songbirds 

Many migratory passerines tend to return annually to breed in the same area (site 

fidelity) or even the same territory (territory fidelity) that they occupied during the prior 

nesting season. Presumably, site or territory fidelity is advantageous because 1) 

familiarity with an area improves the odds of reproductive success, food acquisition, 

predator avoidance, or mate attraction, or 2) fidelity increases chances of favorable local 

adaptation, or 3) preserving co-adapted gene complexes is advantageous (Wheelwright 

and Mauck 1998).  

Failure of banded adult migratory birds to return to their breeding grounds, or 

movement of birds to a different territory, sometimes has been linked to lower 

reproductive success in the prior year (Beletsky and Orians 1991, Lemon et al. 1996, 

Haas 1998, Hoover 2003), although Sedgewick (2004) found this to be true only for 

female willow flycatchers (Empidonax trailii), and Howlett and Stutchbury (2003) found 

no such relation for either male or female hooded warblers (Wilsona citrina). Site faithful 

male, but not female, Savannah sparrows recruited more young in their lifetime than 

newcomers to the breeding area (Wheelwright and Mauck 1998). One explanation for the 

correlation between fidelity and prior reproductive success is that birds assess prior 

reproductive success and make decisions about fidelity to increase odds of future 

reproductive success (Bollinger and Gavin 1989). Haas (1998) demonstrated that return 
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rates of female American robins (Turdus migratorius) and brown thrashers (Toxostoma 

rufum) were lower when nest success was experimentally reduced. Male prothonotary 

warbers (Protonotaria citrea) returned at greater rates than females, and experimentally 

increasing the number of successful broods increased return rates of both males and 

females (Hoover 2003).  

Limited data suggest somewhat lower return rates of grassland sparrows on 

reclaimed surface mines (Skipper 1998, Monroe and Ritchison 2005) than in some, but 

not all, other habitats (Wheelwright and Mauck 1998, Jones 2000, Gill et al. 2006, Jones 

et al. 2007), and return rates of males tend to be greater than return rates of females 

(Bédard and LaPointe 1984, Skipper 1998, Gill et al. 2006). It is possible that males are 

more likely to assess fitness based on their ability to attract mates and thus are more 

likely than females to return regardless of reproductive success. In this case the 

probability of return for females, but not necessarily males, should be positively related 

to prior reproductive success. Inter-annual movement distances should be inversely 

related to prior reproductive success for females, and should be greater for females than 

males. 

Study Objectives 

The goal of this study was to assess whether nesting success of grasshopper, 

Henslow’s, and Savannah sparrows on reclaimed surface mine grasslands in 

Pennsylvania is adequate to maintain stable populations. This question was addressed by 
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examining three aspects of sparrow ecology: nesting success, nest site selection, and 

between-year site fidelity. Specific objectives of the study were to: 

1. Estimate daily nest survival probabilities and overall nesting success to 

compare with studies in other habitats, and identify nest-specific and time-

specific factors that influence nest survival;  

2. Estimate resource selection functions (Manly et al. 2002) to describe preferred 

habitat features for nest sites, given available habitat; 

3. Compare naïve return rates and inter-annual movements of males and females 

and determine whether these measures are related to prior reproductive success. 

4. Estimate annual apparent survival of male grasshopper and Henslow’s 

sparrows; and 

5. Given nest survival, model finite rate of population growth as a function of 

juvenile and adult survival. 
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Chapter 2 
 

Study Areas and Methods 

Study Areas 

I studied grasshopper, Henslow’s, and Savannah sparrows on reclaimed surface 

mines in Clearfield and Clarion Counties in western Pennsylvania, USA (Figure 2.1). In 

each county I chose two study locations that I expected to support reasonable densities of 

grassland birds (D. R. Diefenbach, unpublished data). The sites in Clearfield County 

(field HS, 40°55'46"N, 78°31'13"W; field HL, 40°51'13"N, 78°31'43"W) were reclaimed 

≤10 years ago, were privately owned, and were approximately 20 km apart in a largely 

forested and residential landscape. There was no active management of these sites, except 

that a portion of one field (HS) was hayed annually. This field also was the site of a 

grassland sparrow banding program since 2003. The sites in Clarion County (field MZ, 

41°8'43"N, 79°29'57"W; field LF, 41°8'52"N, 79°28'59"W) were about 1km apart on 

State Game Lands 330, known colloquially as the Piney Tract, in an approximately 

1,000-ha complex of surface mines reclaimed prior to 1980. Encroachment by 

honeysuckle and multiflora rose into the Clarion grasslands was evident in many areas, 

but in late 2006 the Pennsylvania Game Commission began an aggressive shrub removal 

effort, resulting in the removal of virtually all emergent shrubs from both Clarion study 

sites between 2006 and 2007. 
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These study areas were located in the Allegheny Plateau region in a landscape 

largely dominated by forest (Clearfield County) and intermittent forest and agricultural 

land (Clarion County). Reclaimed surface mines of various sizes and ages were  

interspersed throughout these landscapes, and were vegetated with forbs, cool season 

grasses, and woody vegetation to varying degrees. The most abundant forb species were 

goldenrods (Solidago sp.), bird’s foot trefoil (Lotus corniculata), clovers (Trifolium sp.), 

and Queen Anne’s lace (Daucus carota), and the dominant grass species were orchard 

grass (Dactylis glomerata), timothy (Phleum pretense), smooth brome (Bromus inermis), 

and fescue (Festuca sp.). Because of differing phenologies and rapid growth of many of 

these herbaceous species, the structure of the herbaceous vegetation changed dramatically 

during the course of the nesting season. Woody species planted to reclaim mines included 

black locust (Robinia pseudoacacia), spruces (Picea sp.), and pines (Pinus sp.), but 

 

§Clearfield

Clarion

 
Figure 2.1: Locations of reclaimed surface mine study areas in Pennsylvania, USA. 
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invasion by autumn olive (Eleagnus umbellata), multiflora rose (Rosa multiflora), 

honeysuckles (Lonicera sp.), and blackberries (Rubus allegheniensis) also was common.  

Methods 

Nest searching and monitoring—I studied grasshopper, Henslow’s, and 

Savannah sparrows during two nesting seasons (2006 – 2007) from approximately 14 

May until 14 August. I systematically searched each site approximately once per week by 

dragging plastic bottles containing small stones attached at 1– 2m intervals along a 10-m 

rope to flush female birds off nests (Davis and Sealy 1998, Grant et al. 2005). In areas 

where shrubs interfered with rope dragging, I walked transects and disturbed vegetation 

with a 1 – 1.5 m stick. I found additional nests by observing adult birds carry food to 

nests. Nests were well concealed, so to minimize disturbance and time spend locating 

nests during subsequent nest checks, I marked nests by placing a pin flag 1 m directly 

north of each nest. 

I monitored nests every 2 – 3 days until they either failed or fledged young. When 

previously active nests became inactive and there were no compelling indications of nest 

predation (e.g. nestling body parts), and if the final nest check occurred within 2 days of 

the expected fledging date, I classified them as successful if I saw fecal sacs in or near 

nests, saw fledglings near the nest, or saw an adult bird either chipping or carrying food 

near the nest. Also, I classified nests as successful when there were no direct indications 

of either fledging or predation, if the penultimate nest check occurred ≤2 days before the 

expected fledge date. When there were no direct indications of either fledging or 
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predation and the previous nest check occurred >2 days before the expected fledge date, I 

classified nests as successful only if I saw a fledgling or saw a previously identified and 

color-banded parent carrying food near the nest. 

I aged nests by backdating from either a nesting transition (hatch date or fledge 

date) or from visually estimating the age of nestlings (Table 2.1). When nests failed 

during the incubation stage, I could not determine nest age unless the nest was found 

during the egg laying stage. In such cases, for the purpose of estimating the distribution 

of nest initiations within the nesting season, I calculated the minimum and maximum 

possible age for each nest and randomly assigned an age within these bounds. Where 

possible, I determined the number of nest stage days empirically by taking the average 

number of stage days from nests where either both bounds of a stage were unequivocally 

known, or where one bound was unequivocally known and the other bound was known 

within one day. Where data were insufficient to make this determination, I used literature 

values (Wheelwright and Rising 1993, Vickery 1996, Herkert et al. 2002) from the 

closest available geographic area. To backdate nests to initiation, I used 12 incubation 

days for grasshopper sparrows and Savannah sparrows and 11 days for Henslow’s 

sparrows. I used 9 brooding days for all three species. I assumed that birds laid 1 egg/day 

and that grasshopper and Savannah sparrows begin incubation on the day the penultimate 

egg was laid (Wheelwright and Rising 1993, Vickery 1996) whereas Henlsow’s sparrows 

begin upon completion of the clutch (Herkert et al. 2002).  

 Estimating average clutch sizes and brood sizes—I used all nests to calculate 

average clutch size, but to account for potential incomplete hatching, I calculated an 

adjusted clutch size for nests found during the nestling stage. I divided the number of 
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nestlings by the average proportion of eggs that hatched from nests found in the egg 

stage. I calculated the average number of nestlings/nest from all nests that contained 

nestlings, and the average number of fledglings/nest only from successful nests. Because 

the average number of fledglings was conditioned on the fact that the nest actually 

fledged young, average number of fledged young could be greater than the average 

number of nestlings. 

 

 

Capture and banding methods— I used portable polyester or nylon mist nets 

with a mesh size of 30 mm to capture territorial male sparrows by targeting specific 

singing males with recorded conspecific songs (Bédard and LaPointe 1984), and I 

captured females by placing 1 – 2 mist nets adjacent to nests and flushing the females off 

Table 2.1:  Criteria used to determine nestling ages of grasshopper, Henslow’s, and
savannah sparrows or reclaimed surface mines in Pennsylvania, USA, 2006 – 2007. 

Age Criteria 

0 days Eggshells still present in nest or nestlings almost completely naked, 
with minimal natal down which sometimes still may be wet; Eyes 
closed and poorly developed.  

1 – 2 days Still mostly naked, but increasing amounts of dry natal down; Eyes still 
closed and poorly developed. 

3 – 4 days Downy, but pronounced feather tracts becoming evident, with quills 
relatively short or just beginning to emerge. 

5 – 6 days Natal down still evident, but quills elongating, and feather brushes 
beginning to emerge from quills; Eyes may be starting to open. 

7 – 8 days Natal down less evident; Quills very elongate, brushes very evident and 
expanding; Feather color evident; Eyes fully open. 

9 – 10 days Traces of natal down remain; Feathers, except retrices, fully formed.  
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nests into nets (Balent and Norment 2003). All banding locations were geo-referenced in 

a portable Geographic Information System (GIS) (Diefenbach et al. 2002). I identified 

adult male birds by the presence of  a cloacal protuberance and adult females by the 

presence of a brood patch (Pyle 1997). I captured juveniles incidentally or 

opportunistically by directed flushing toward mist nets, but did not determine sex of 

juvenile birds because males and females are not visually distinguishable (Pyle 1997). All 

birds were banded with a unique combination of three plastic color bands and one 

aluminum U. S. Geological Survey numbered leg band (Bird Banding Laboratory, 

Laurel, Maryland, USA). The Animal Care and Use Committee of the Pennsylvania State 

University approved all capture and banding methods used in this study (IACUC 

protocols #18670 and #25040).  

Vegetation sampling—I collected vegetation data at the field scale from 13 – 31 

1-m2 plots located on a 100-m grid in each field. To account for seasonal changes in 

vegetation, I marked plots with wire pin flags, and sampled each plot 3 times/year. Also, 

I recorded plot locations in a GIS and used the same plots in both years of the study. At 

the territory scale, I sampled vegetation at individual nest sites and at randomly selected 

paired sites. I selected paired sites by choosing a random compass azimuth and a random 

distance from each nest (Skalski 1987). I constrained the random distance to a 10 – 20-m 

distance so that the paired plot presumably would represent a different microsite than the 

nest, but within the same territory as the nest.  

At each plot, I used a 1-m2 PVC frame to estimate percent cover of grass, forbs, 

litter cover, and bare ground. I counted the number of standing dead stems, and measured 

the heights of the tallest grass, forb, and standing dead stem in the frame, and recorded 
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litter depth as the average of four measurements taken approximately 10 cm from each 

corner of the vegetation frame. I placed a Robel pole (Robel et al. 1970) in the center of 

the plot, and from 3 m away in each of the four cardinal directions, I recorded the lowest 

5 cm increment on the pole that was not obscured by vegetation. I recorded the distance 

from the vegetation plot to the nearest shrub and counted the number of shrubs within 5.5 

m of the center of the plot. I recorded ground slope and aspect at each plot, and the angle 

to the horizon in each of the four cardinal directions. At nest sites, I recorded the 

orientation of the nest opening and an index of nest visibility determined by placing a 

6.5-cm diameter plastic disc divided into eight alternating black and white pie segments 

into the nest cup and summing the number of pie segments visible from 1 m directly 

overhead, and from 1 m distant and 1 m high in each of the four cardinal directions, and 

dividing by 40 to obtain a proportion (Davis and Sealy 1998). Vegetation at nest sites was 

measured as soon as possible after the conclusion of each nesting attempt.  

Data Analysis  

Nest site selection—I used logistic regression to compare nest sites with the set 

of systematic sites available over the entire field. Because the 3 temporally repeated 

samples of vegetation plots were not independent, I selected the 2nd sample period and 

used the values averaged over both years as the sample of available locations to compare 

to nest locations. In cases where sample sizes of nests were large (>50 nests), I compared 

early nests (sampled prior to 6 July) to the 1st vegetation sampling period (early June) 

and late nests (sampled after 5 July) to the 3rd vegetation sampling period (mid July). I 
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used 14 individual covariates (Table 2.2) to build a limited number of models in 3 steps. 

In the first step, I evaluated 10 models that included effects of Pgrass, Pbare, Pforbs, 

Pveg, Plitter, LitterD, VisOb, and Ndead (Appendix A) on nest-site selection. In the 

second step, I evaluated 8 models that included effects of Nshrubs, Dshrub, horizon, 

slope, Nshrubs + horizon, Nshrubs + slope, Dshrub + horizon, and Dshrub + slope 

(Appendix A). In the final step, I evaluated 4 models that included all possible 

combinations of the best two models of the previous two model sets (Appendix A). I used 

Hosmer and Lemeshow tests (Hosmer and Lemeshow 2000) to assess model fit, and 

Akaike’s Information Criterion adjusted for small sample size (AICc) and relative model 

likelihood to select the best models (Burnham and Anderson 2002).  I averaged 

parameters across all models with model likelihoods ≥0.125 (Burnham and Anderson 

2002) that adequately fit the data (Hosmer and Lemeshow 2000).  

At the territory scale, I modeled nest site selection using 1 to 1 matched pair 

logistic regression (Hosmer and Lemeshow 2000) where the covariate values are the 

difference between the values for the case (nest) and the control (paired site). I 

constructed a set of models as for the field-scale analysis, except that I did not include 

quadratic terms, and because ground slope and the view of the horizon should not change 

within a bird’s territory, I excluded these variables from the paired analysis. Because 

covariates represented difference variables I did not transform percent cover data or count 

data. When samples sizes were >50 nests I divided nests into early and late nests as 

described for the field scale analysis. 
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Table 2.2:  Description of vegetation covariates used to model nest-site selection of grasshopper, Henslow’s, and Savannah
sparrows on reclaimed surface mines in Pennsylvania, USA, in 2006 – 2007. 

Covariate  Description Transformationa 

Pgrass Percent cover by grass in plot Arsine square root 

Pbare Percent of plot unvegetated Arsine square root 

Pforbs Percent cover by forbs in plot Arsine square root 

Pveg Percent cover by grass+forbs in plot Arsine square root 

Plitter Percent cover by litter in plot Arsine square root 

LitterD Average of four litter depth measurements in plot None 

LitterD2 Square of average litter depth None 

VisOb Visual obstruction by vegetation; calculated as mean of tallest grass, forb, 
and dead stem, plus mean of Robel pole readingsb 

None 

VisOb2 Square of average visual obstruction by vegetation None 

Ndead Number of standing dead stems in plot Square root (Ndead+0.5) 

Nshrubs Number of shrubs within 5.5 m of plot Square root (Nshrubs+0.5) 

Dshrub Distance from plot to nearest shrub ≥2 m tall None 

horizon Average of angle (degrees) to horizon, measured in four cardinal directions None 

slope Ground slope in degrees None 
a Transformations were not used in paired logistic regression analysis. 
b Robel pole was read in 5 cm increments from a distance of approximately 1 m from plot and from a height of 1 m.  
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Nest orientation—I used Greenwood and Durand’s V test (Batchelet 1981, Zar 

1999) to test whether the compass azimuth of nest openings differed from 45° 

(northeast). If directionality toward 45° was rejected, I used Rayleigh’s test (Batchelet 

1981, Zar 1999) to determine whether there was any directionality in the orientation of 

nest openings. If there was directionality, I calculated a mean vector and 95% confidence 

intervals for the orientation of nest openings (Zar 1999).  I used two-sample t-tests to 

compare hatching success of nests whose orientation fell within the 95% confidence 

interval with nest oriented in all other directions.  

Nest survival—I used program MARK (White and Burnham 1999) to model 

DSR in grasshopper, Henslow’s, and Savannah sparrows. Data were grouped by county 

and year and included 4 individual covariates and covariates for rainfall and maximum 

daily temperatures (Table 2.3). Individual covariates described percent cover by live 

vegetation (grass and forbs combined), average litter depth, nest visibility, and visual 

obstruction by vegetation. Because vegetation density and height both contribute to visual 

obstruction, I calculated this value as the average height of the tallest forb, grass, and 

dead stem plus the average of four Robel pole measurements. Weather data were 

obtained from either the Federal Aviation Administration (Clearfield County) or 

Pennsylvania Department of Transportation weather stations (Clarion County) nearest to 

each study site (Pennsylvania State Climatologist Homepage). In Clarion County, I 



23 

Table 2.3:  Description of covariates used to model nest survival of grasshopper, Henslow’s, and Savannah sparrows on reclaimed 
surface mines in Pennsylvania, USA, in 2006 – 2007. 

Covariate Description Transformation 

Pveg Percent cover by grass+forbs in plot Arcsine square root 

LitterD Mean of four litter depth measurements in plot None 

VisOb Visual obstruction by vegetation; calculated as mean of tallest grass, forb, 
and dead stem, plus mean of Robel pole readingsa 

None 

visible Proportion of nest visible to observerb None 

T Day of season  

TT Square of day of season  

rain Daily rainfall event (rainfall ≥0.254 cm) None 

temp Daily maximum temperature None 
a Robel pole was read in 5 cm increments from a distance of approximately 1 m from plot and from a height of 1 m. 
b Proportion of pie segments visible from 1 m directly over nest and 1m away from nest in each of 4 cardinal directions.  
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combined data from two weather stations because weather data were incomplete at both 

stations. Temperature was strongly correlated between the two stations (R2 = 0.93, slope 

= 0.98). For missing data I used the average rainfall or temperature from 1 day prior and 

after the date for which data were missing. Rather than using the amount of rainfall as a 

covariate, I used a categorical variable with value of one if there was a rainfall event and 

zero otherwise. I defined a rainfall event as daily rainfall ≥0.254 cm, except for one 

weather station that recorded only the occurrence of hourly rainfall rather than absolute 

rainfall. For these data I defined a rainfall event for days in which rainfall was recorded 

for ≥2 consecutive hours.  

In addition to the individual and weather covariates, I modeled linear and 

quadratic time trends to account for temporal variation in nest survival. Although I also 

suspected an effect of nest age on daily nest survival probabilities (Davis 2005, Grant et 

al. 2005) I did not model age because of difficulty in aging nests that failed in the egg 

stage, and because excluding nests of uncertain age would bias estimates of nest survival.  

To identify the best nest survival models, I used the approach of Dinsmore et al. 

(2002), where, rather than evaluating an a priori list of models, I evaluated models using 

several a priori steps. This limited analyses to a small set of models that evaluated the 

effects of year, county, vegetation cover, nest visibility, time trends, and two weather 

covariates on daily survival of grasshopper, Henslow’s, and Savannah sparrows 

(Appendix B). I used the same methods for all three species, but conducted analyses 

separately. My simplest model estimated daily nest survival as a single constant 

parameter, which is comparable to the Mayfield estimator. I modeled the effect of year 

and county separately and interactively (county*year).  For each of the group effects 
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models (constant, year, county, and county*year), I fitted two additional additive models, 

one with a linear time trend and one with a quadratic time trend on daily nest survival. I 

added each of the three vegetation effects and the nest visibility effect separately to the 

best model (constant or group, with or without a time trend). Finally, I modeled the 

effects of rainfall events and maximum daily temperature by adding each covariate 

separately to the best model only, under the assumption that weather covariates would 

influence all other models similarly (Dinsmore et al. 2002). I averaged beta parameters 

and survival estimates from the set of models that had relative model likelihood values of 

≥0.125 (Burnham and Anderson 2002).  

Overall nest success— I defined overall nest success (NS) as the proportion of 

all nests initiated in the breeding season that fledged at least one young. If DSR was 

constant, I estimated overall nest success as NS = DSRd, where d = length of nesting 

period, and I estimated variance with the delta method. When DSR was not constant, I 

estimated overall NS as the average of the predicted NS for each nest. However, the 

probability of survival for individual nests, and thus the probability that a nest is available 

to be found, may be affected by the dates that a nest is at risk of predation. Consequently, 

a simple average could be positively biased because it does not account for the temporal 

structure of nesting attempts and nest failures. To account for nests that may have failed, 

but were not detected, I used a Horvitz-Thompson estimator to estimate the expected 

number of nests initiated on the same date as each observed nest as ˆ1/i im p= , where ˆ ip  

= the probability that the ith nest would survive long enough to be found (Dinsmore et al. 

2002). I estimated ˆ ip  by taking the product of model averaged daily survival estimates 
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from the date of nest initiation up until I found the nest. To prevent unreasonable large 

estimates of im  when ˆ ip  was very small, I constrained im  to be ≤5. I estimated overall 

nesting success as  

1 1

ˆn n

i i i
i i

NS S m m
= =

= ∑ ∑  

where  ˆ
iS  = predicted nesting success for the ith nest, and is calculated as the product of  

24 consecutive model-averaged daily survival probabilities (23 for Henslow’s sparrow), 

beginning on the date of nest initiation for the ith nest. Because the delta method did not 

provide a good estimate of variance for predicted nesting success when survival was not 

constant, I ignored uncertainty within the individual estimates of predicted nesting 

success, and estimated only between-nest variation using an approximate standard error 

of the weighted mean. I estimated the approximate standard error for the weighted mean 

as ( ) ( )ˆSE NS SE S m= . I constructed 95% confidence intervals as[ / , ]NS c NSc , where  

( )( )( )2
exp 1.96 ln 1c cv NS⎡ ⎤= +⎢ ⎥⎣ ⎦

. 

Apparent Survival and Site and Territory Fidelity— I conducted ≥5 resighting 

surveys each summer at each study site and used a portable GIS to record locations of all 

banded and unbanded birds seen (Diefenbach et al. 2002). I used program MARK (White 

and Burnham 1999) to estimate apparent survival of grasshopper and Henslow’s 

sparrows on one study field (HS) for which ≥3 years of banding and return data were 

available. I considered the entire breeding season to be the recapture period, and assumed 

a closed population for the recapture period. I tested 4 a priori models where apparent 

survival either was constant or varied by year, and where detection probability either was 
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equal to 1, or was constant, but not equal to 1 (Table 2.4). I used AICc to select the best 

model from the candidate models, or when there was no clear best model, I averaged 

models based on AICc weights (Burnham and Anderson 2002). I calculated naive return 

rates for female grasshopper sparrows and male and female Savannah sparrows, for 

which <3 years of banding and resighting data were available.  

 

 

To test whether success during the breeding season influenced the probability that 

birds returned for the following breeding season, I used logistic regression to model 

return as a function of whether or not birds were known to have a successful nest the 

previous season, the number of known successful nests, the number of known nest 

failures, fate of the final nest, the number of known fledged young for each bird, sex of 

the nesting bird, and interactions of sex with reproductive variables. I constrained 

analysis to individually identified birds for which I found ≥1 nest in 2006. Because there 

only was one year of nesting data available from which to model returns, I assumed that 

Table 2.4:  Models used to estimate annual apparent survival of male grasshopper and 
Henslow’s sparrows on a reclaimed surface mine in Clearfield County, Pennsylvania,
USA, 2003 – 2007. 

Model Description 

φ(.)p(.) Apparent survival and detection probability are constant 

φ(.) Apparent survival is constant and detection probability is 1 

φ(t)p(.) Apparent survival varies over time and detection probability is 
constant 

φ(t) Apparent survival varies over time and detection probability is 1 
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the probability of detecting returning birds was 100%. This assumption is reasonable for 

males that often sing from prominent perches, but likely was violated for females. 

I calculated median locations of territories from median easting and northing 

coordinates of all geo-referenced observations for each marked bird present on the study 

areas, and for birds that were present in 2006 and returned in 2007, I calculated the 

straight line distance between the median locations from consecutive years. Using only 

observations from birds known to have nests the prior year, I tested whether success 

during the prior breeding season influenced this straight line distance. I used linear 

regression to model distance as a function of the same variables described above. For all 

birds that returned, regardless of whether they had documented nests the prior year, I 

used Kruskal-Wallis tests and median tests (Zar 1999) to test whether average and 

median inter-annual movement distances of females were greater than those of males.  

Finite rate of population increase—To evaluate whether reproductive success 

was adequate to replace annual mortality over a range of values for adult and juvenile 

survival, I calculated a finite rate of population increase, (λ), as λ = Sad + Sjβ, where λ = 

the finite rate of increase for the population, Sad = survival rate of adult females, Sj = 

survival rate of juvenile females, and β = number of juvenile females produced by each 

adult female during the breeding season, and where reproduction is adequate to maintain 

stable populations if λ ≥ 1 (Pulliam 1988). I varied Sad from 0.3 – 0.6, and Sj from 0.1 – 

0.4. I used the SAS model of  Powell et al. (1999) to estimate β, and I assumed a 1:1 sex 

ratio for fledged young (Wheelwright and Seabury 2003). I backdated the earliest nest to 

determine initiation of the breeding season, and I used the fledge date of the last nest as 

the last day of the nesting season. I assumed a minimum of 1 day and a maximum of 5 
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days to build nests (Wheelwright and Rising 1993, Vickery 1996, Herkert et al. 2002), 

and a minimum of 1 day and a maximum of 10 days for fledgling care. Because the 

model does not allow time varying nest survival, I used the estimate from the constant 

nest survival model. I assumed that adult survival during the breeding season was 0.9999, 

and for juvenile survival, I used the daily survival probabilities that correspond to a range 

of annual survival from 0.1 – 0.4. Because the Powell et al. (1999) model accounts for 

juvenile mortality during the breeding season, I adjusted Sj to reflect survival for the non-

breeding season, assuming constant daily survival throughout the year.
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Chapter 3 
 

Results 

Nest Chronology and Clutch Sizes 

I located 131 grasshopper sparrow nests, 34 Henslow’s sparrow nests, and 35 

Savannah sparrow nests in 2006 – 2007. The earliest estimated nest initiation date was 12 

May for grasshopper sparrows, 9 May for Henslow’s sparrows, and 7 May for Savannah 

sparrows, and the latest known fledge date was 11 August for grasshopper sparrows, 22 

July for Henslow’s sparrows, and 6 August for Savannah sparrows. Savannah sparrow 

nests had smaller clutch sizes (F2,190 = 13.37, P  < 0.001), smaller brood sizes (F2,155 = 

4.55, P = 0.012), and fledged fewer young (F2,180 = 4.06, P = 0.019) than nests of 

grasshopper and Henslow’s sparrows (Table 3.1). Clutch sizes of all three species 

declined throughout the breeding season (Figure 3.1). 

Table 3.1:  Average clutch  size, and average number of young fledged per successful
nest of grasshopper, Henslow’s, and Savannah sparrows on reclaimed surface mines in
western Pennsylvania, USA, 2006 – 2007. 

 Clutch sizea Brood sizeb Number fledgedc 

 n x  SD n x  SD n x  SD 

GRSP 97 4.46 0.678 105 4.02 0.940 83 4.05 1.02 

HESP 26 4.62 0.637 28 4.21 0.940 22 3.95 1.05 

SAVS 28 3.71 1.18 25 3.48 1.00 13 3.54 0.519
a Clutch size for nest found during nestling stage were adjusted to account for hatching rates. 
b Brood size was calculated only from nests that were monitored during brooding stage and thus is 

conditional on nests surviving to the nestling stage. 
c The number of fledged young per nest is calculated only from successful nests. 
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Figure 3.1:  Declining clutch sizes of grasshopper, Henslow’s, and Savannah sparrows on
reclaimed surface mines in Pennsylvania, USA, 2006 – 2007.  
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Orientation of nests—Nest openings of all three species were oriented primarily 

toward the northeast (Table 3.2, Figure 3.2). For all three species the proportion of eggs 

that hatched did not differ significantly between nests oriented toward the northeast and 

nests oriented toward all other directions (Table 3.3). 

 

-1

-0.5

0

0.5

1

-1 0 1

-1

0

1

-1 0 1

-1

0

1

-1 0 1

  Grasshopper sparrow nests    Henslow’s sparrow nests      Savannah sparrow nests 

 

Figure 3.2:  Orientation of nest openings of grasshopper, Henslow’s and Savannah 
sparrow nests on reclaimed surface mines in Pennsylvania, USA, 2006 – 2007. Arrows
represent the mean vector of nest orientation, and the top of each diagram represents
north. 

 

Table 3.2:  Average compass azimuth of nest openings for grasshopper, Henslow’s, and
Savannah sparrows nesting on reclaimed surface mines in Clearfield and Clarion
Counties, Pennsylvania, USA, 2006 – 2007. 

  
Azimuth (degrees) V-testa for θ  = 45° 

 n θ  rb 95% CI U U-critical P 

GRSP 126 40.5 0.44 25.1 – 55.8 7.031 1.645 <0.001 

HESP 32 46.6 0.51 19.4 – 73.9 4.052 1.646 <0.001 

SAVS 32 24.4 0.35 336.3 – 77.6 2.434 1.646 <0.01 
a Greenwood and Durant’s V-test, test statistic > critical value indicates that distribution is non-

uniform and is directional in the hypothesized direction of 45°. 
b r ranges from 0 – 1 and greater r values indicate greater directionality. 
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Vegetation and Nest Site Selection 

Vegetation on my study sites changed dramatically throughout the nesting season, 

beginning with almost no green growth in mid-May and progressing through a mixture of 

grass and forbs that began senescing in mid-July, and in some areas, finishing with tall 

and dense new growth of Queen Anne’s lace in late July. Consequently, vegetation 

differed between early and late nests for all three species. Late nests had less surrounding 

cover by grass, more cover by forbs, and taller and denser surrounding vegetation than 

early nests (Table 3.4). Late nests tended to be closer to shrubs and have a lower angle 

view of the horizon than early nests (Table 3.4). In general, Henslow’s sparrow nests 

tended to have more surrounding cover of grass, less bare ground, a deeper litter layer, 

and taller and denser vegetation than grasshopper and Savannah sparrow nests (Table 

3.5).  

Table 3.3:  Proportion of eggs that hatched from grasshopper, Henslow’s, and Savannah
sparrow nests oriented in preferred and non-preferred directions on reclaimed surface 
mines in Pennsylvania, USA. 

 Preferred 
orientationa 

 Non-preferred 
orientationb 

  

 x  SE  x  SE t P 

GRSP 0.84 0.029  0.89 0.021 0.92 0.36 

HESP 0.81 0.043  0.76 0.056 0.17 0.87 

SAVS 0.83 0.042  0.76 0.075 0.11 0.91 
a Within 95% confidence interval for the average orientation (see Table 3.2). 
b Outside the 95% confidence interval for the average orientation.  
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Table 3.4:  Average vegetation measurements at nest sites of 3 grassland sparrow species on reclaimed surface mines in
Pennsylvania, USA, 2006 – 2007. Vegetation at early nest-sites was sampled prior on or before 05 July each year, and late nest-
sites were sampled on or after 06 July each year.  Different letters within rows represent significance (P < 0.05) difference between 
species by REGWQ multiple comparison of means, and different case between letters represents significant differences between
early and late periods. 

 Grasshopper Sparrows  Henslow’s Sparrows  Savannah Sparrows 

 Early (n = 70)  Late (n = 60)  Early (n = 24)  Late (n = 10)  Early (n = 20)  Late (n = 15) 

Variablesa x  SD  x  SD  x  SD  x  SD  x  SD  x  SD 
Pgrass 41.6A 19.8  31.6B 19.8  50.8A 21.2  28.4B 21.9  41.7A 25.7  26.9B 13.7 

Pbare 3.9AB 7.6  3.9AB 6.4  1.5B 4.4  1.2B 2.7  3.6A 5.3  7.7A 11.8 

Pforbs 28.6A 18.3  41.0B 20.6  18.7A 18.9  45.2B 27.8  24.9A 18.1  44.8B 17.5 

Plitter 25.4 18.1  23.2 13.7  29.0 21.9  24.2 19.8  29.8 18.8  20.5 14.2 

LitterD 4.2A 2.2  3.8A 2.0  5.4B 2.0  5.4B 2.2  3.5A 1.5  2.9A 1.4 

VisOb 79.4A 16.1  86.6a 14.7  86.5B 20.6  102.0b 13.9  75.8A 14.3  86.4a 13.8 

Ndead 11.4 9.9  10.3 9.5  11.5 10.2  8.2 5.8  9.9 5.8  11.1 9.8 

Nshrubs 1.7 3.9  5.6 25.5  0.7 1.6  1.2 1.3  0.5 1.0  0.3 0.5 

Dshrub 66.6A 52.3  45.9B 38.1  53.4A 47.7  55.3B 52.9  64.9A 52.4  35.2B 21.6 

horizon 15.9A 9.0  11.5B 5.7  14.3A 6.6  11.3B 6.9  15.9A 9.5  11.5B 6.5 

slope 4.0AB 3.0  4.5AB 3.4  3.2B 3.0  2.9B 3.2  2.1A 2.6  2.0A 2.1 
a See Table 2.2 for description of vegetation variables.  
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Grasshopper sparrow nest site selection—Early in the season, grasshopper 

sparrow nest sites had more standing dead stems, a shallower litter layer, and fewer 

surrounding shrubs than vegetation sample plots located on systematic grids, and nest 

sites were more distant from shrubs compared to sample plots (Appendix C). Later nests 

were placed in areas with intermediate visual obstruction, and were closer to shrubs and 

had a lower angle view of the horizon compared to sample plots (Appendix C). When 

temporal effects were ignored and selection was modeled for all nests, grasshopper 

sparrow nests-sites had intermediate visual obstruction by vegetation, and were further 

Table 3.5:  Average vegetation measurements at nest-sites of all grasshopper, Henslow’s, 
and savannah sparrows on reclaimed surface mines in Pennsylvania, USA, 2006 – 2007. 
Different letters within rows represent significance (P < 0.05) difference by REGWQ 
multiple comparison of means. 

 GRSP (n = 130)  HESP (n = 34)  SAVS (n = 35) 

Variablesa x  SD  x  SD  x  SD 

Pgrass 36.9 20.4  44.2 23.5  35.4 7.0 

Pbare 3.9AB 7.0  1.4A 3.9  5.4B 8.9 

Pforbs 34.4 20.3  26.5 24.7  33.4 20.2 

Plitter 24.3 16.2  27.6 21.1  25.8 17.4 

LitterD 4.0A 2.1  5.4B 2.1  3.2A 1.5 

VisOb 82.8A 15.8  91.2B 20.1  80.3A 14.8 

Ndead 10.9 9.7  10.6 9.2  10.4 7.7 

Nshrubs 3.5 17.7  0.9 1.5  0.4 0.8 

Dshrub 56.9 47.2  53.9 48.5  52.1 44.2 

Horizon 13.8 7.9  13.4 6.8  14.0 8.5 

Slope 4.3A 3.2  3.1AB 3.0  2.0B 2.4 
a See Table 2.2 for explanation of vegetation variables. 
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away from shrubs, and had a lower angle view of the horizon than sample plots 

(Appendix C).  

At the territory scale, early grasshopper sparrow nest sites were further away from 

shrubs, and had more total vegetation cover and grass cover and less bare ground than 

unused paired plots, but had more surrounding shrubs than paired plots (Appendix C). 

Later nest sites were further away from shrubs, and had more total vegetation cover, less 

bare ground, and less visual obstruction by vegetation, but had more surrounding shrubs 

than paired plots (Appendix C). When all nests and paired sites were used to model a 

single resource selection function, nest sites were further away from shrubs and had less 

bare ground than unused paired plots (Appendix C).  

Henslow’s sparrow nest site selection—I did not separate the sample of 

Henslow’s sparrow nests into early and late nests because I located only 34 nests. At the 

field scale, Henslow’s sparrow nest sites had a deeper litter layer, less bare ground, and 

fewer surrounding shrubs than vegetation sample plots located on systematic grids. Also, 

they were located in areas with less ground slope and a lower angle view of the horizon 

than at sample plots (Appendix C). At the territory scale, nest sites were more distant 

from shrubs and had fewer surrounding shrubs than unused paired plots, and had less 

bare ground and more cover of forbs than paired plots (Appendix C).  

Savannah sparrow nest site selection—I located only 35 Savannah sparrow 

nests, and I did not separate the sample of nests into early and late nests. The resource 

selection function at the field scale for Savannah sparrow nest sites included only the best 

model with negative effects of shrub density, litter depth, and ground slope (Appendix 

C). At the territory scale, Savannah sparrow nest sites had fewer surrounding shrubs, 
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more cover of grass and litter, less cover of forbs and less bare ground, and fewer 

standing dead stems than unused paired sites, but distance to the nearest shrub was less 

for nest sites than for paired sites (Appendix C).  

Nest Survival 

Grasshopper sparrows—Of 131 grasshopper sparrow nests located during 2006 

– 2007, 123 had sufficient data for analysis of nest survival. The best models included 

county*year differences, a quadratic seasonal trend in daily survival probabilities such 

that nest survival was lowest in the middle of the breeding season, and negative effects of 

litter depth and nest visibility (Figure 3.3). Nest survival also increased with increasing 

maximum daily temperatures and was greater on days with rainfall events (Appendix D).  

Henslow’s sparrows—Of 34 Henslow’s sparrow nests located during the study 

period, 33 had sufficient data to model daily nest survival. The best models included 

county*year differences (Figure Error! Reference source not found.), a negative effect of 

litter depth and a negative effect of nest visibility (Appendix D). Nest survival increased 

with increasing maximum daily temperatures and was greater on days with rainfall 

events, but an additional seasonal trend was not supported (Appendix D).  

Savannah sparrows—Thirty-three of 35 Savannah sparrow nests contained 

sufficient data for modeling nest survival, and because only 2 nests were found in Clarion 

County, I did not model a county effect. The best supported models included a positive 

effect of visual obstruction on nest survival and a decreasing linear trend in daily survival 
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probabilities (Figure 3.4). Nest survival decreased with increasing maximum daily 

temperatures, but was greater on days with rainfall events (Appendix D).  
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Figure 3.3:  Model averaged estimates of daily nest survival probability showing the
effect of season and location (top), and of litter depth and nest concealment for 
grasshopper sparrows on reclaimed surface mines in Pennsylvania, USA, 2006 – 2007. 
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Overall Nesting Success  

Overall nesting success for grasshopper sparrows varied from 0.10 to 0.57 

(Table 3.6) and overall average predicted nest success was 0.422 (95% CI = 0.362 – 

0.493). Henslow’s sparrow nest success varied from 0.08 to 0.61 (Table 3.6) and overall 

average predicted nest success was 0.369 (95% CI = 0.288 – 0.472). Overall average 

predicted nest success of Savannah sparrow was 0.158 (95% CI = 0.066 – 0.379). 
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Figure 3.4:  Model Averaged estimates for nest survival of Henslow’s sparrows for two 
locations and two years on reclaimed surface mines in Pennsylvania, USA, 2006 – 2007.  
Downward spikes represent the effects of cool maximum daily temperatures.  
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Figure 3.4:  Model averaged daily nest survival of Savannah sparrows showing the
effects of rainfall (top) and visual obstruction by vegetation (bottom) on reclaimed 
surface mines in Pennsylvania, USA, 2006 – 2007. Sharp upward spikes represent the 
effects of rainfall. 
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Site Fidelity and Inter-annual movements 

Apparent Survival—Six hundred thirty one birds were banded from 2003 – 

2007, including 331 grasshopper sparrows, 208 Henslow’s sparrows, and 92 Savannah 

sparrows (Appendix E). Sufficient data to estimate annual apparent survival existed 

for male grasshopper and Henslow's sparrows at one study site (HS). Ninety-four male 

grasshopper sparrows were banded from 2003 – 2006, and the best model constrained 

recapture probability equal to 1, given that the bird returned to the study site, and 

constrained apparent survival to be constant.  The model that held recapture probability 

equal to 1, while allowing apparent survival to vary by year also was competitive (∆AICc  

= 0.69). Model averaged estimates of apparent survival varied from 0.34 (95% CI = 0.14 

– 0.61) in 2005 to 0.48 (95% CI = 0.31 – 0.65) in 2006, and averaged 0.41 (95% CI = 

0.31 – 0.54). Forty male Henslow’s sparrows were banded at HS from 2003 – 2006, and 

Table 3.6:  Nest success (NS) for grasshopper, Henslow’s and Savannah sparrows on 
reclaimed surface mines in Clearfield and Clarion Counties, Pennsylvania, USA, in 2006
– 2007. 

 2006  2007 

 NS SE 95% CI  NS SE 95% CI 

Clarion          

GRSP 0.572 0.042 0.495 – 0.660  0.098 0.218 0.007 – 1 

HESP 0.614 0.027 0.574 – 0.657  0.077 0.329 0.012 – 0.482 

Clearfield           

GRSP 0.409 0.055 0.315 – 0.532  0.511 0.046 0.429 – 0.610 

HESP 0.345 0.101 0.204 – 0.584  0.496 0.057 0.424 – 0.581  
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because data were sparse and no returns were detected in some years, models that 

allowed time-specific estimates of apparent survival failed to converge. The best model 

constrained both survival and recapture probability to be constant, but not equal to 1. 

Annual apparent survival of Henslow’s sparrows was 0.33 (95% CI 0.10 – 0.68) and 

detection probability was 0.43 (95% CI 0.08 – 0.87). 

Naïve return rates—Fewer than three years of data were available for Savannah 

sparrows and for female grasshopper and Henslow’s sparrows, so I calculated naïve 

return rates in 2007 across all study sites and assumed a detection probability of 1. For 

comparison, I calculated naïve return rates for male grasshopper and Henslow’s sparrows 

in 2007. Male return rates were greater than female return rates, but differed at α = 0.05 

only for grasshopper sparrows (Table 3.7). Only one returning juvenile grasshopper 

sparrow was detected, and no returning juvenile Henslow’s or Savannah sparrows were 

detected. 

 

 

Table 3.7:  Naïve return rates of grasshopper, Henslow’s, and Savannah sparrows on
reclaimed surface mines in western Pennsylvania, USA, 2006 – 2007. 

 Male sparrows  Female sparrows   

 Present in 
2006 

Return 
Ratea 

 Present in 
2006 

Return 
rate 1

2χ  P 

GRSP 103 37.9%  54 16.7% 6.349 0.012 

HESP 66 12.1%  16 0%   

SAVS 30 37.7%  14 14.3% 2.909 0.088  
a Return rates assume that detection probability = 1. 
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I modeled probability of return as a function of reproductive variables only for 

grasshopper sparrows. There were 71 grasshopper sparrows associated with one or more 

nests in 2006. Of 17 birds that were detected on the study area in 2007, 13 had fledged ≥1 

nest in 2006. The best logistic regression model included only an effect of gender, with 

males returning at greater rates than females (Odds Ratio = 5.6, 95% CI = 1.7 – 18.5). 

Models that included effects of either success or failure, number of failed nests, number 

of successful nests, or number of fledged young also were competitive (Relative model 

likelihood ≤0.125; Appendix F), but signs were not always in expected or consistent 

directions. The model that included the effects of gender, success, number of failed nests, 

number of successful nests, fate of last nest, and number of fledged young was not 

competitive, but adequately fit the data ( 2
8 12.2, 0.07Pχ = = ). 

Inter-annual movements—Of grasshopper sparrows for which nesting attempts 

were documented in 2006 and returned in 2007 to the same field they occupied in 2006, 

females moved farther away from their 2006 locations (n = 8, x = 93.9 m , SD = 74.5) 

than did males (n = 9, x = 46.1 m , SD = 21.0). The best supported linear models 

included effects of success and sex, and models that included interactive effects were not 

as well supported as models with additive effects (Appendix G). Both male and female 

grasshopper sparrows that had ≥1 successful nest in 2006 tended to move shorter 

distances than did unsuccessful birds. An intercept only model and models that included 

sex and the effects of either the number of successful nests in 2006, the number of failed 

nests in 2006, fate of the final nest, or the number of fledged young in 2006 also were 

competitive (Appendix G). Although standard errors of parameter estimates were large, 
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all models predicted that grasshopper sparrows were more likely to move longer 

distances if their reproductive success was poor the previous year (Appendix H).   

When all returning grasshopper sparrows were considered, including those with 

no documented nesting attempts the prior year, females moved further than males 

(Table 3.8). Inter-annual movement distances of male and female Savannah sparrows did 

not differ significantly, and there were no documented returns of female Henslow’s 

sparrows (Table 3.8). 

 

Table 3.8:  Inter-annual movement distances of three species of site-faithful grassland 
sparrow on reclaimed surface mines in Pennsylvania, USA, 2006 – 2007. 

 
Summary statistics 

Kruskal-
Wallis test 

 
Median test 

 n min max median x  SD 2χ  P  Z P 

GRSP       

males 38 7 125 33 46 33  

females 9 14 216 77 104 76 
4.796 0.029 

 
1.904 0.0284

HESP            

males 8 32 201 71 91 60  

females 0      
  

 
  

SAVS            

males 11 7 206 67 72 55  

females 2 41 70 56 56 21 
0.039 0.84 0.114 0.45 
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Finite Rate of Population Increase 

Lambda was more sensitive to juvenile survival than to adult survival 

(Figure 3.5). When adult survival was 0.6 for grasshopper sparrows and 0.5 for 

Henslow’s sparrows, reproductive success was adequate to maintain stable populations 

even when juvenile annual survival was 0.1. When juvenile annual survival was 0.2, 

lambda was >1 even when adult survival was only 0.3. For Savannah sparrows, lambda 

always was <1 when juvenile survival was <0.2. When Juvenile survival was 0.2, lambda 

was >1 only when adult survival was 0.6, and when juvenile survival was 0.4, lambda 

always was >1 (Figure 3.6). 
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Figure 3.5:  Projected finite rates of population increase over different values for adult
and juvenile survival of grasshopper,  Henslow's, and Savannah sparrows on reclaimed 
surface mines in Pennsylvania, USA, 2006 – 2007. 
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Chapter 4 
 

Discussion and Research Implications 

Nest Survival and Nest Site Selection 

I detected no strong patterns in grassland sparrows nest site selection on reclaimed 

mines in Pennsylvania. Habitat influences on grassland sparrow nest site selection varied 

between early and late nests for grasshopper sparrows, and across species and scales, and, 

in many cases, confidence intervals of parameter estimates included zero. There are 

several related reasons why my analysis may have failed to identify strong patterns in 

nest site selection. First, it is possible that grassland sparrows primarily select territories 

and that most areas within the territory are equally suitable for nest sites. I attempted to 

account for scale issues by modeling selection at the field and territory level, but did not 

account for potential selection of territories rather than nest sites within the territory. 

Second, the vegetation features that I measured may be poor surrogates for habitat 

features that sparrows actually use to select territories or nest sites. Differences in overall 

habitat preferences of grasshopper, Henslow’s, and Savannah sparrows often were 

evident from a gestalt but not well quantified with my measures of vegetation. Third, 

vegetation on my study area changed dramatically over the course of the nesting season, 

and selection of territories likely occurred well before vegetation was sampled, and 

before much green vegetative growth had occurred.  
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Dealing with dramatic seasonal changes in vegetation and identifying habitat 

surrogates that captures real habitat selection cues for grassland birds are challenges that 

arise in many studies of grassland birds. The lack of consistent patterns in nest site 

selection across grassland birds studies likely stems in part from different ways by which 

researchers have attempted to address these challenges. There has been some effort to 

standardize vegetation sampling methods with the BBIRD Grassland Protocol (Martin et 

al. 1997), but these methods have not been widely adopted, and moreover, do not address 

seasonal changes in variation or the fact that birds select territories at a different time 

from when vegetation is measured.  

The challenge of dramatic vegetation change in grasslands might be addressed if 

vegetation and habitat features were measured only once in the season, on a grid scale 

fine enough (e.g., 25m rather than 100m) so that either the closest grid to each nest could 

provide vegetation covariate values for nest sites, or values could be interpolated to cover 

the entire study area, including all potential nest sites. Measurements could be taken 

either at the beginning of the season as close as possible the time period when sparrows 

are selecting territories or at the very end of the season. Two potential problems to this 

approach are that, first, early in the season there may be little vegetation to measure, and 

second, fine scale habitat heterogeneity may such that the closest grid measurement to 

each nest poorly captures habitat at the nest. However, average values of several grid 

values near nests potentially could be used to describe territory habitat, which may 

provide a better picture of the spatial arrangement territory quality over the study area. 

Such information would have relevance to patterns of inter-annual movements of 

sparrows between territories. 
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Although patterns in grassland sparrow nest site selection on my study sites were 

variable, in general, nest site preferences largely were consistent with patterns at larger 

scales in various habitats (Wiens 1969, Zimmerman 1988, Delisle and Savidge 1997, 

Winter 1999). Sparrows avoided placing nests in areas of high shrub densities even 

though they routinely used shrubs as perches either to sing or prior to approaching nests. 

Grasshopper and Savannah sparrows tended to avoid placing nests in deep litter, whereas 

Henslow’s sparrows placed nests in areas with deeper than average litter. Henslow’s and 

Savannah sparrows seemed to avoid nesting in the steepest areas within the field, and 

grasshopper and Henslow’s sparrows chose nest sites where the average viewing angle of 

the horizon was low, although it is not clear why this would be true for late, but not early 

grasshopper sparrow nests. It is possible that avoidance of a steep angle to the horizon is 

more important at the scale of selecting fields (D. R. Diefenbach, unpublished data) than 

at the scale of selecting nest-sites within a field. The fact that visual obstruction appeared 

in the best models for late, but not early grasshopper sparrow nests probably is because of 

rapid changes in the vertical structure and density of vegetation on reclaimed surface 

mines. All three species tended to avoid placing nests in areas with lots of bare ground, 

although this likely is because some unused locations had very high percentages of bare 

ground where nests could not be concealed. Other studies on habitat selection also found 

that Henslow’s sparrows tend to avoid areas with lots of bare ground (Wiens 1969, 

Piehler 1987, Winter 1999), and grasshopper sparrows tend to prefer shorter vegetation at 

both field and territory scales (Smith 1963, Wiens 1969, Delisle and Savidge 1997). 

Differences in nest survival between counties and years for grasshopper and 

Henslow’s sparrows appear to be driven by the low survival in Clarion County in 2007 
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(Table 3.6), but it is not clear what caused these differences. There were no apparent 

patterns in vegetation between Clarion and Clearfield Counties that might cause 

differences in nest survival in 2007 but not in 2006. Most of the emergent shrubs in 

Clarion County were removed between the 2006 and 2007 field seasons, but there is little 

reason to expect that mechanical shrub removal in late 2006 should negatively influence 

nest survival in the summer of 2007.  

Patterns in nest site selection in songbirds often are thought to be driven by 

selective pressure from nest predation (Martin 1993). Alternatively, in situations where 

the landscape changes rapidly, selection pressure may not be able to drive optimal 

behavior and birds may nest in ecological traps where nest site selection does not 

minimize nest predation (Gates and Gysel 1978, Donovan and Thompson 2001). I did not 

find strong evidence that habitat variables that predicted nest site selection also 

influenced daily nest survival probabilities either negatively or positively, except that 

daily nest survival probabilities decreased with increased litter depth for both grasshopper 

and Henslow’s sparrows. Grasshopper sparrows preferred to nest in areas with a shallow 

litter layer, whereas Henslow’s sparrows preferred to nest in areas with deep litter. 

However, because overall daily nest survival probabilities for both species were relatively 

high compared to other published studies (Table 4.1) it is not clear that litter depth 

defines either optimal nest sites or ecological traps (Gates and Gysel 1978, Donovan and 

Thompson 2001) for grasshopper and Henslow’s sparrows.  
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Table 4.1:  Nesting success (%) of grasshopper, Henslow’s, and Savannah sparrows in 
various habitats. 

 Species  

Habitat GRSP HESP SAVS reference 

Reclaimed mine 42.2 36.9 15.8 This studya 

Reclaimed mine 7 – 47  22 – 39 Wray et al. (1982)b 

Reclaimed mine 43.4 33.3  Galligan et al. (2006)c 

Reclaimed mine 33   Ammer (2003)b 

Reclaimed mine 46   Ingold (2002)b 

Reclaimed mine  18.8 – 32.1  Monroe and Ritchison 
(2005)b 

CRP 14.5   McCoy et al. (1999)b 

CRP 30   Patterson and Best 
(1996)d 

CRP 11.9 – 28.5  1.9 – 15.5 Koford (1999)e 

WPA 10.6  22.0 – 24.9 Koford (1999)e 

Tallgrass prairie 22.0 39.5  Winter and Faaborg 
(1999)f 

Tallgrass prairie 17   Rohrbaugh et al. (1999)f 

Tallgrass prairie   31.4 Winter et al. (2004)g 

Maritime island   23 Dixon (1978)d 

Sandplain  42   Vickery et al. (1992)b 

Other  28.7  Robb et al. (1998)d 

a The number of nesting days used were 24 days for GRSP and SAVS, and 23 days for HESP. 
b The number of nesting days used was unspecified. 
c The number of nesting days used was 21 days. 
d The number of nesting days used was 23 days. 
e The number of nesting days used were 25 days for GRSP and 27 days for SAVS. 
f The number of nesting days used were 20 days. 
g The number of nesting days used were 21.5 days. 
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Grasshopper, Henslow’s, and Savannah sparrows all avoided nesting in areas of 

high shrub densities. Although shrubs have been implicated in reduced nest survival or 

increased parasitism in grassland birds because they provide perches for avian predators 

or parasites (Johnson and Temple 1990, With 1994, Winter et al. 2005b), I did not 

include shrub density or distance to shrub as covariates in nest survival models because I 

never observed either avian predators or brown headed cowbirds perched in shrubs. 

Greater nest visibility resulted in reduced nest survival for grasshopper and 

Henslow’s sparrows, and visual obstruction by vegetation increased nest survival for 

Savannah sparrows, but neither of these measures was significantly correlated with other 

vegetation characteristics I measured. Filliater et al. (1994) suggested that nest visibility 

did not explain differences in nest survival of northern cardinals (Cardinalis cardinalis), 

and that randomness of nest predation by a rich guild of predators that prey on cardinal 

nests may preclude the existence of predictably safe nest sites. Although I did not 

document predation by specific predators, I encountered a wide suite of potential 

predators including mammals (striped skunks [Mephitis mephitis], weasels [Mustela sp.], 

and white-tailed deer [Odicoileus virginiana]), birds (northern harrier [Circus cyaneus], 

red-tailed hawk [Buteo jamaicensis], American kestrel [Falco sparverius], common 

raven [Corvus corax], American crow [Corvus brachyrynchos], and blue jay [Cyanocitta 

cristata]), and snakes (black rat snake [Elaphe obsoleta obsoleta], black racer [Coluber 

constrictor constrictor], and eastern milk snake [Lampropeltis triangulum triangulum]). 

Video footage documented snakes as common predators of grassland birds in a grassland 

pasture in Wisconsin (Renfrew and Ribic 2003) and as the predominant nest predator in 

an old field in Missouri (Thompson et al. 1999). Snakes also were directly were observed 
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eating grassland bird eggs on a reclaimed surface mine in Indiana (Galligan et al. 2006), 

and were believed to be responsible for most nest predation on a reclaimed surface mine 

in West Virginia (Wray et al. 1982). I did not directly observe any predation events, but I 

observed a milk snake in the immediate vicinity of an empty nest where only minutes 

prior a grasshopper sparrow was observed approaching the nest with food. My results 

suggest that nest concealment does influence nest survival, but the otherwise weak 

relationships between nest survival and nest-site vegetation support the idea that 

predation may be random.  

Linear decreases in survival of grassland sparrow nests are not unusual (Winter et 

al. 2004, Davis 2005, Grant et al. 2005), but increasing trends in nest survival also have 

been reported (Davis 2005). Quadratic trends in nest survival, such as those I observed 

for grasshopper sparrows, have not been previously described for grassland passerines, 

but have been reported for mountain plovers (Dinsmore et al. 2002), and investigated for 

Savannah sparrows by Dixon (1978), and for clay-colored sparrows (Spizella pallida) and 

vesper sparrows (Poecetes gramineus) by Grant et al. (2005). The causes of trends are 

uncertain, but could result from increased density of potential predators because of 

predator reproduction, or from senescence of cool season grasses and forbs that leave 

nests more vulnerable to predation later in the season.  One possible explanation for a 

quadratic trend in nest survival in my study area is the development of tall, dense growth 

by Queen Anne’s lace after mid-July that may have provided additional concealment for 

nests. However, if the late season increase is attributable to increase concealment by 

growth of Queen Anne’s lace, my measurement of nest concealment poorly captured this 
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effect because neither nest concealment nor visual obstruction by vegetation was 

correlated with date.  

For all three species, daily nest survival probabilities were greater on days that 

had rainfall events. Such an effect of rainfall on nest survival is plausible if snakes are 

major predators of songbirds because snake foraging activity tends to be lower on cool 

rainy days than on warm, sunny days (Morrison and Bolger 2002). Therefore, it would be 

reasonable to expect that increased daily temperature may reduce daily nest survival 

probabilities, and this was true for Savannah sparrows, but the opposite effect was 

observed for grasshopper and Henslow’s sparrows. In contrast, if increased insect activity 

on warm days allows parents to engage in shorter foraging bouts than on colder days, 

then parents can invest more time in guarding nests against predation. Increased nest 

guarding can lower predation rates (Martin 1992), but evidence is lacking to link 

increased temperatures with increased availability of insect prey for grassland birds.  

Sparrows commonly fed young with Lepidoptera larvae early in the season and 

with grasshoppers later in the season. Grasshoppers and Lepidoptera larvae sometimes 

increase feeding rates as temperatures increase (Lactin and Johnson 1995, Frears et al. 

1999), and grasshoppers also increase singing (Frings and Frings 1962) and mating (Lock 

and Durwael 1999) activity as temperatures increase. However, within the range of daily 

temperatures I observed (11 – 33 °C), grasshoppers thermoregulate by basking on the 

ground early in the morning and moving to vegetation when temperatures warm (O'Neill 

and Rolston 2007).  Because grasshopper, Henslow’s, and Savannah sparrows forage 

largely or exclusively on the ground (Wheelwright and Rising 1993, Vickery 1996, 

Herkert et al. 2002), grasshoppers should be less available at higher temperatures than at 
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lower temperatures. Understanding how temperature influences tradeoffs between 

foraging effort and time available for nest guarding will require assessment of food 

availability at different temperatures and of bird time budgets for foraging and nest 

guarding at known levels of predator abundances. 

My estimates of grasshopper and Henslow’s sparrow nesting success fall within 

the ranges reported in other studies, but success of Savannah sparrow nests was lower 

than often reported from other studies (Table 4.1). Nesting success of grassland sparrows 

varies widely in time and space, and it is not clear whether the low nesting success of 

Savannah sparrows in 2006 – 2007 compared to grasshopper and Henslow’s sparrows 

represents a low point in naturally varying nesting success on reclaimed surface mines in 

Pennsylvania or whether reclaimed surface mines are unsuitable nesting habitat for 

Savannah sparrows.  

Site Fidelity and Inter-annual Movements 

I did not find strong relationships between measures of reproductive success and 

probability of return for female grasshopper sparrows, but return rates were greater for 

males than females. Lower return rates for females than males could occur if more 

females than males go elsewhere to nest, or could result from either lower survival of 

females than males, or from lower probabilities of detecting females than males. With 

only two years of data, I was unable to estimate a detection probability for females. In 

other studies that investigated return rates of banded birds (Balent and Norment 2003, 

Hoover 2003, Gill et al. 2006) researchers often have assumed that all returning birds, 
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including females, were detected. This may be a reasonable assumption where birds 

primarily nest in artificial cavities (Hoover 1998, Citta and Lindberg 2007), but is less 

likely for most grassland species where birds have cryptic nests and detection of females 

often is linked to detection of active nests. My analysis likely overestimated the 

difference in return rates between males and females, and if detection probability for 

females is ≤0.30, return rates of males and females would be approximately equal.  

I found that prior reproductive success influenced inter-annual movement 

distances similarly for males and females, but that distances were both greater and more 

variable for females than males. This suggests that differences in return rates between 

male and female grasshopper sparrows are not entirely attributable to differences in 

survival or detection probability. Greater inter-annual movements of females compared to 

males are consistent with the notion that females are more likely than males to use 

reproductive success as criteria to assess personal fitness and make decisions about site 

fidelity (Haas 1998, Hoover 2003). 

The idea that females are more likely than males to use past reproductive success 

to make decisions about site fidelity also is supported by the observations of several 

recent studies of site fidelity and inter-annual movements of forest and grassland birds. 

Sedgwick (2004) found no overall difference in return rates of male and female willow 

flycatchers (Empidonax traillii), but unsuccessful females were less likely to return and 

moved further if they did return, than did successful females, whereas prior reproductive 

success did not influence either probability of return or inter-annual movement distances 

of males. Return rates of hooded warblers (Wilsonia citrina) were not influenced by prior 

nesting success, and did not differ between males and females, but males were more 
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likely to return to the same territories than were females (Howlett and Stutchbury 2003). 

In hayfields in New York, male bobolinks (Dolichonyx oryzivorous) returned at higher 

rates than did females, and successful birds returned at higher rates than unsuccessful 

birds in low quality sites but not in high quality sites (Bollinger and Gavin 1989). 

There are few published estimates of return rates for grasshopper, Henslow’s, and 

Savannah sparrows, and published records of Henslow’s sparrow returns exist only for 

reclaimed mines (Table 4.2). Return rates of grasshopper and Savannah sparrows tend to 

be greater than those of Henslow’s sparrows, but usually researchers have assumed 100% 

detection of returning birds, and my research suggests that naïve return rates may 

underestimate annual apparent survival of Henslow’s sparrows. I estimated a detection 

probability of 1 for adult male grasshopper sparrows, but detection may not be 100% in 

all cases. Jones (2000) estimated a detection probability of <0.5 for adult male 

grasshopper sparrows, which underscores the need for multi-year studies that account for 

detection probability <1 to evaluate site fidelity in grassland sparrows. This especially is 

true for females whose detection probability almost certainly is <1 because detection is 

related to locating cryptic nests. 
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Table 4.2:  Average annual return rates (%) of grasshopper, Henslow’s, and Savannah sparrows banded in various habitats. 

 GRSP  HESP  SAVS  

Habitat   Male Female  Male Female  Male Female Reference 

Reclaimed mine 43a 16.7  33a 0b  37.7 14.3 This study 

Reclaimed mine    17.9c 0b    Skipper (1998) 

Reclaimed mine    11c    Monroe and Ritchison 
(2005) 

CRP 57 41       Gill et al. (2006) 

Hayfield 28       Balent and Norment (2003) 

Maritime island       45d Wheelwright and Mauck 
(1998) 

Shortgrass prairie 8.9     5.4 Jones et al. (2007) 

Salt marsh       38.7 31.2 Bédard and LaPointe (1984) 

Tallgrass prairie    20b    Hanson (1994) 

Sandplain 63e        Jones (2000) 

Maritime island 77e        Jones (2000) 
a Apparent survival accounts for detection probability (1.0 for grasshopper sparrow and 0.43 for Henslow’s Sparrow). Average naïve return rate for 

Henslow’s sparrow is 12.1%. 
b Sample of banded birds <25. 
c Average over three years. Maximum return rate was 26.7%. 
d Percent of adults that fail to reclaim the previous year’s territory.  
e Apparent survival accounts for detection probability (0.43 for the sandplain grassland and 0.29 for the maritime island).  
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Finite Rate of Population Increase 

Although reproductive success of grasshopper, Henslow’s, and Savannah 

Sparrows appears adequate to maintain stable populations over the range of modeled 

estimates of adult and juvenile survival, the analysis relies on several untested 

assumptions. I assumed that juvenile daily survival probabilities are constant during the 

year, but if survival is lowest immediately after fledging (Anders et al. 1997, Adams et al. 

2001), breeding season productivity may be dramatically lower than predicted by my 

analysis. Secondly, although I assumed no adult mortality during the breeding season, I 

frequently observed avian predators (northern harriers and American kestrels) on my 

study sites that are known to prey on songbirds (Macwhirter and Bildstein 1996, 

Smallwood and Bird 2002), and I found the remains of 1 adult grasshopper sparrow in 

2007, which suggests that adult survival during the breeding season may be <1. Studies 

of forest birds (Powell et al. 2000) also indicate that adult survival during the breeding 

season may be <1. 

Conservation and Research Implications 

Although reproductive success of grassland sparrows on my study sites was 

relatively high, clearly nest survival can fluctuate annually, and for management to 

maximize nest survival, research is needed to identify sources of annual variation in nest 

survival. Management should be adaptive and carried out in a replicated experimental 
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framework, so that effects on nest survival and bird density reliably can be identified. 

Additionally, some evidence suggests that nest survival  decreases with increasing age of 

reclaimed mines (Ammer 2003). Although densities of grassland sparrows can be 

expected to fluctuate annually, previous estimates of grassland sparrow densities at the 

MZ study site (Piehler 1987) suggest that densities of grasshopper and Henslow’s 

sparrows declined somewhat at MZ since 1987, and that density of Savannah sparrows 

has declined dramatically during the same period.  

Limited evidence suggests that soil calcium declines in the first 8 years after mine 

reclamation (Maharaj et al. 2007), and recent research shows densities of forest breeding 

birds are related to exchangeable soil calcium and abundances of snails in forests, 

presumably because snails are the primary source of calcium for eggshell development 

(Pabian and Brittingham 2007). There is little information available about long-term 

availability of soil calcium or abundances of snails on reclaimed mines, and whether 

densities of grassland birds are related to soil calcium is unknown. In some grasslands, 

snail abundance seems to be more closely related to moisture than to soil calcium (Martin 

and Sommer 2004). Research to identify grassland sparrow responses to management of 

reclaimed surface mines also should include investigation of the influence of soil calcium 

on vegetation and snail abundance, and should account for the number of years elapsed 

since reclamation to determine whether bird responses and management needs may 

change over time. 

The majority of passerine nest failure is attributed to predation (Martin 1992), but 

it is not clear who are the primary predators of grassland sparrow nests on reclaimed 

surface mines. An understanding of the predator community in response to experimental 
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management is necessary to optimize management for grassland sparrows. Additionally, 

if daily rainfall events and maximum daily temperatures really do influence the daily 

survival probability of grassland sparrow nests, then studies are needed to elucidate 

foraging behavior of grassland birds and of nest predators, availability of prey items for 

grassland birds, and the interactions of foraging, nest guarding, weather, and nest 

survival. 

Grassland sparrows are common on many reclaimed surface mines in the 

Pennsylvania (Mattice et al. 2005, Diefenbach et al. 2007) and elsewhere (Bajema et al. 

2001, Ingold 2002, Ammer 2003). My results confirm that reclaimed surface mines are 

important nesting habitat for grassland sparrows where reproduction, especially of 

grasshopper and Henslow’s sparrows, likely is adequate to maintain stable populations. 

Because grassland bird reproduction often is poor in agricultural grasslands (Rodenhouse 

and Best 1983, Bollinger et al. 1990), reclaimed surface mines can play a crucial role in 

the conservation of grassland songbirds, especially in states such as Pennsylvania that 

have little other suitable nesting habitat for many grassland songbird species. This 

especially is true for Henslow’s sparrows which, in Pennsylvania, nest almost exclusively 

on reclaimed surface mines, and for which Pennsylvania may harbor a substantial portion 

of the global population (Mattice et al. 2005, Diefenbach et al. 2007). Pennsylvania has a 

high degree of responsibility for this species, and maintaining viable populations will 

require maintaining the nontraditional nesting habitat provided by reclaimed surface mine 

grasslands.
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Appendix A 
 

Nest Site Selection Model Results 

 
 

Table A.1: Nest-site selection logistic regression models for grasshopper sparrow nests
compared to systematic random plots on reclaimed surface mines in Pennsylvania, USA,
in 2006 – 2007. 

Modela AICc ∆AICc wi
b Lc Parameters 

horizon+VisOb 281.5107 0 0.278929 1 3 
Dshrub+horizon+VisOb 281.597 0.086296 0.26715 0.95777 4 
horizon+VisOb2 283.3693 1.85859 0.11013 0.394832 4 
Dshrub+horizon+VisOb2 283.5026 1.99182 0.103033 0.369387 5 
VisOb 284.5353 3.024574 0.061478 0.220405 2 
horizon 285.3447 3.834004 0.041016 0.147047 2 
Dshrub+horizon 285.3504 3.839712 0.040899 0.146628 3 
VisOb2 286.2235 4.71281 0.026431 0.09476 3 
Nshrubs+horizon 287.0391 5.528405 0.01758 0.063026 3 
Dshrub 287.8775 6.36672 0.011561 0.041446 2 
Intercept only 288.8059 7.295152 0.007267 0.026054 1 
Plitter 289.8343 8.323612 0.004346 0.015579 2 
Dshrub+slope 289.8779 8.367174 0.004252 0.015244 3 
Nshrubs 290.317 8.806265 0.003414 0.012239 2 
Pforbs 290.5273 9.016537 0.003073 0.011018 2 
LitterD 290.5459 9.035198 0.003045 0.010915 2 
Pbare 290.6728 9.162057 0.002857 0.010244 2 
Pveg 290.7013 9.19061 0.002817 0.010099 2 
Ndead 290.7115 9.200762 0.002803 0.010048 2 
slope 290.8159 9.305204 0.00266 0.009537 2 
Pgrass 290.8288 9.318091 0.002643 0.009476 2 
LitterD2 292.1444 10.63369 0.001369 0.004908 3 
Nshrubs+slope 292.3293 10.81858 0.001248 0.004475 3  

a See Table 2.2 for descriptions of variables. 
b AICc weight. 
c Relative model likelihood. 
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Table A.2: Nest-site selection logistic regression models for early grasshopper sparrow 
nests (sampled prior to 06 July) compared to systematic random plots (sampled in mid-
June) on reclaimed surface mines in Pennsylvania, USA, in 2006 – 2007. 

Modela AICc ∆AICc wi
b Lc Parameters 

Dshrub+LitterD 199.337 0 0.511003 1 3 
Nshrubs+LitterD 201.3891 2.052055 0.183158 0.358428 3 
Dshrub+Ndead 201.9194 2.582393 0.140496 0.274942 3 
Nshrubs+Ndead 204.0442 4.707171 0.04856 0.095028 3 
LitterD 204.1689 4.831824 0.045625 0.089286 2 
Ndead 205.0346 5.697594 0.029594 0.057914 2 
LitterD2 205.2903 5.953281 0.026043 0.050964 3 
Plitter 208.6818 9.344808 0.004778 0.00935 2 
Pforbs 209.869 10.53195 0.002639 0.005164 2 
Dshrub 209.9822 10.6452 0.002494 0.00488 2 
Nshrubs 211.8498 12.51273 0.00098 0.001918 2 
Dshrub+slope 211.9753 12.6383 0.000921 0.001801 3 
Pveg 212.0291 12.69209 0.000896 0.001754 2 
Dshrub+horizon 212.0624 12.72538 0.000881 0.001725 3 
Inntercept only 213.0236 13.68658 0.000545 0.001067 1 
Nshrubs+slope 213.6382 14.30117 0.000401 0.000784 3 
Nshrubs+horizon 213.8016 14.46457 0.000369 0.000723 3 
slope 214.6253 15.28827 0.000245 0.000479 2 
horizon 214.8732 15.53612 0.000216 0.000423 2 
Pbare 214.9096 15.57258 0.000212 0.000415 2 
VisOb 214.9347 15.59768 0.00021 0.00041 2 
Pgrass 214.9775 15.64049 0.000205 0.000402 2 
VisOb2 216.9947 17.65768 0 0.000146 3  

a See Table 2.2 for descriptions of variables. 
b AICc weight. 
c Relative model likelihood. 
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Table A.3: Nest-site selection logistic regression models for late grasshopper sparrow
nests (sampled after 05 July) compared to systematic random plots (sampled in mid-July) 
on reclaimed surface mines in Pennsylvania, USA, in 2006 – 2007. 

Modela AICc ∆AICc wi
b Lc Parameters 

horizon+VisOb2d 183.0519 0 0.292798 1 4 
Intercept only 183.6203 0.568466 0.180568 0.752591 3 
horizon+VisOb 183.6203 0.568466 0.220357 0.752591 3 
Dshrub+horizon+VisOb2 183.7352 0.683372 0.208054 0.710571 5 
Dshrub+horizon+VisOb 183.9301 0.878225 0.18874 0.644608 4 
horizon 186.9732 3.921295 0.041216 0.140767 2 
Dshrub+horizon 188.2486 5.196731 0.021783 0.074395 3 
Nshrubs+horizon 188.7237 5.671811 0.017177 0.058665 3 
VisOb2 190.7746 7.722757 0.00616 0.021039 3 
VisOb 192.0553 9.00338 0.003247 0.01109 2 
LitterD 198.4051 15.3532 0.000136 0.000464 2 
LitterD2 199.8904 16.83856 0 0.000221 3 
Intercept only 199.9886 16.93668 0 0.00021 1 
Ndead 200.549 17.49714 0 0.000159 2 
Pforbs 200.9795 17.92762 0 0.000128 2 
Pgrass 201.6817 18.62988 0 0 2 
Plitter 201.7345 18.6826 0 0 2 
Pveg 201.7582 18.70632 0 0 2 
Dshrub 201.9042 18.85237 0 0 2 
slope 201.9962 18.94433 0 0 2 
Nshrubs 202.0294 18.97751 0 0 2 
Pbare 202.0301 18.97824 0 0 2 
Dshrub+slope 203.9729 20.92099 0 0 3  

a See Table 2.2 for descriptions of variables. 
b AICc weight. 
c Relative model likelihood. 
d This model did not adequately fit data, and was excluded from model averaging. 
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Table A.4:  Nest-site selection logistic regression models for grasshopper sparrow nests
compared to paired plots sampled 11-20 m from each nest on reclaimed surface mines in
Pennsylvania, USA, in 2006 – 2007. 

Modela,b AICc ∆AICc wi
c Ld Parameters 

Dshrub+Pbare 170.8335 0 0.610823 1 2 
Pbare 172.5128 1.679328 0.263787 0.431856 1 
Pveg 175.6607 4.827153 0.054665 0.089495 1 
Pgrass 176.2166 5.383079 0.041399 0.067777 1 
Dshrub 178.9417 8.108193 0.010598 0.017351 1 
Nshrubs 179.9273 9.093827 0.006475 0.0106 1 
LitterD 181.6538 10.82027 0.002731 0.004471 1 
VisOb 181.6978 10.86429 0.002672 0.004374 1 
Ndead 181.7998 10.96633 0.002539 0.004156 1 
Plitter 182.0466 11.21307 0.002244 0.003674 1 
Pforbs 182.2112 11.37772 0.002067 0.003383 1  

a See Table 2.2 for descriptions of variables. 
b Because logistic regression used matched pairs of observations, an intercept term was not modeled. 
c AICc weight. 
d Relative model likelihood. 
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Table A.5: Nest-site selection logistic regression models for early grasshopper sparrow
nests (sampled prior to 06 July) compared to paired plots sampled 11-20 m from each 
nest on reclaimed surface mines in Pennsylvania, USA, in 2006 – 2007. 

Modela,b AICc ∆AICc wi
c Ld Parameters 

Pgrass+Dshrub 92.55326 0 0.331953 1 2 
Pgrass 94.17173 1.61847 0.147785 0.445198 1 
Pbare+Dshrub 94.42782 1.874557 0.130024 0.391692 2 
Pbare 94.82782 2.274555 0.106454 0.320691 1 
Pgrass+Nshrubs 95.78729 3.234033 0.065889 0.19849 2 
Pveg 96.28089 3.727625 0.051479 0.15508 1 
Pbare+Dshrub 96.89265 4.339388 0.037913 0.114213 2 
Dshrub 97.05309 4.499831 0.034991 0.105408 1 
Pforbs 98.38626 5.832995 0.017966 0.054123 1 
LitterD 98.50438 5.951117 0.016936 0.051019 1 
Nshrubs 98.59294 6.039676 0.016202 0.048809 1 
Ndead 98.72007 6.166804 0.015205 0.045803 1 
Plitter 98.87197 6.318704 0.014092 0.042453 1 
VisOb 99.01651 6.463252 0.01311 0.039493 1  

a See Table 2.2 for descriptions of variables. 
b Because logistic regression used matched pairs of observations, an intercept term was not modeled. 
c AICc weight. 
d Relative model likelihood. 
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Table A.6: Nest-site selection logistic regression models for late grasshopper sparrow
nests (sampled after 05 July) compared to paired plots sampled 11-20 m from each nest 
on reclaimed surface mines in Pennsylvania, USA, in 2006 – 2007. 

Modela,b AICc ∆AICc wi
c Ld Parameters 

Pbare 79.19479 0 0.281623 1 1 
Pbare+Dshrub 80.13529 0.940508 0.175971 0.624844 2 
Pbare+Nshrubs 80.65855 1.463765 0.135462 0.481003 2 
Pveg 81.06137 1.866585 0.11075 0.393257 1 
Pveg+Dshrub 82.40068 3.205898 0.056691 0.201302 2 
Pveg+Nshrubs 82.58722 3.392438 0.051643 0.183376 2 
VisOb 83.21512 4.020331 0.037728 0.133967 1 
Nshrubs 83.25231 4.057525 0.037033 0.131498 1 
Dshrub 83.85959 4.664804 0.027335 0.097062 1 
Pgrass 83.87725 4.682461 0.027095 0.096209 1 
Pforbs 84.90001 5.705222 0.016248 0.057693 1 
LitterD 85.15978 5.96499 0.014269 0.050666 1 
Ndead 85.17308 5.978297 0.014174 0.05033 1 
Plitter 85.20094 6.006155 0.013978 0.049634 1  

a See Table 2.2 for descriptions of variables. 
b Because logistic regression used matched pairs of observations, an intercept term was not modeled. 
c AICc weight. 
d Relative model likelihood. 
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Table A.7:  Nest-site selection logistic regression models for Henslow’s sparrow nests
compared to systematic random plots (sampled in late June – early July) on reclaimed 
surface mines in Pennsylvania, USA, in 2006 – 2007. 

Modela AICc ∆AICc wi
b Lc Parameters 

Nshrubs+slope+LitterD 133.3745 0 0.302134 1 4 
Nshrubs+slope+Pbare 134.5721 1.197624 0.166012 0.549464 4 
Nshrubs+horizon+Pbare 134.8791 1.504622 0.142389 0.471276 4 
Nshrubs+horizon+LitterD 135.398 2.02354 0.109848 0.363575 4 
LitterD 136.5539 3.179477 0.061629 0.203979 2 
Nshrubs+slope 137.0834 3.708963 0.047294 0.156534 3 
Nshrubs+horizon 137.1348 3.760326 0.046095 0.152565 3 
Pbare 137.4468 4.072296 0.039438 0.130531 2 
LitterD2 138.1325 4.75801 0.027991 0.092643 3 
Nshrubs 138.6625 5.287999 0.021475 0.071076 2 
Pforbs 140.3015 6.927068 0.009463 0.031319 2 
slope 141.5093 8.134806 0.005173 0.017122 2 
horizon 141.5818 8.207338 0.004989 0.016512 2 
Pgrass 141.8371 8.46259 0.004391 0.014534 2 
Intercept only 143.0634 9.688956 0.002373 0.007872 1 
Dshrub+slope 143.1847 9.810235 0.002238 0.007409 3 
Dshrub+horizon 143.3785 10.004 0.002032 0.006724 3 
VisOb2 143.6861 10.31159 0.001742 0.005766 3 
Pveg 143.9992 10.62478 0.00149 0.00493 2 
Dshrub 144.3514 10.97696 0.001249 0.004134 2 
VisOb 144.4975 11.12298 0.001161 0.003843 2 
Ndead 144.9728 11.59836 0.000915 0.00303 2 
Plitter 145.1155 11.74104 0.000852 0.002821 2  

a See Table 2.2 for descriptions of variables. 
b AICc weight. 
c Relative model likelihood. 
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Table A.8:  Nest-site selection logistic regression models for Henslow’s sparrow nests
compared to paired plots sampled 11-20 m from each nest on reclaimed surface mines in
Pennsylvania, USA, in 2006 – 2007. 

Modela,b AICc ∆AICc wi
c Ld Parameters 

Nshrubs 40.2325 0 0.459489 1 1 
Nshrubs+Pforbs 41.42497 1.192472 0.253124 0.550881 2 
Nshrubs+Pbare 41.83945 1.606953 0.205745 0.44777 2 
Dshrub 47.16778 6.935283 0.014332 0.031191 1 
Pbare 47.64507 7.412571 0.011289 0.024569 1 
Pbare+Dshrub 48.23766 8.005164 0.008394 0.018268 2 
Pforbs+Dshrub 48.3139 8.0814 0.00808 0.017585 2 
Pforbs 48.44942 8.21692 0.007551 0.016433 1 
Pveg 49.06708 8.834583 0.005545 0.012067 1 
Pgrass 49.10643 8.873931 0.005437 0.011832 1 
Plitter 49.10696 8.874462 0.005435 0.011829 1  

a See Table 2.2 for descriptions of variables. 
b Because logistic regression used matched pairs of observations, an intercept term was not modeled. 
c AICc weight. 
d Relative model likelihood. 
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Table A.9:  Nest-site selection logistic regression models for savannah sparrow nests
compared to systematic random plots (sampled in late June – early July) on reclaimed 
surface mines in Pennsylvania, USA, in 2006 – 2007. 

Modela AICc ∆AICc wi
b Lc Parameters 

Nshrubs+slope+LitterD 114.9441 0 0.877749 1 4 
Nshrubs+slope 120.1275 5.183392 0.065737 0.074893 3 
Nshrubs+slope+VisOb 120.8848 5.940681 0.045016 0.051286 4 
Nshrubs+horizon+LitterD 123.8963 8.952136 0.009987 0.011378 4 
Nshrubs+horizon+VisOb 128.5041 13.55994 0.000997 0.001136 3 
Nshrubs+horizon 131.6404 16.69627 0.000208 0.000237 3 
Nshrubs 131.9665 17.02239 0.000177 0.000201 2 
slope 133.3068 18.36263 0 0.000103 2 
Dshrub+slope 135.413 20.46881 0 0 3 
LitterD 141.0874 26.14325 0 0 2 
VisOb 141.3763 26.43219 0 0 2 
LitterD2 141.6549 26.71079 0 0 3 
VisOb2 142.0023 27.05819 0 0 3 
horizon 145.3528 30.40866 0 0 2 
Intercept only 145.5141 30.57 0 0 1 
Dshrub+horizon 147.0546 32.11041 0 0 3 
Dshrub 147.0914 32.14722 0 0 2 
Pveg 147.1771 32.23295 0 0 2 
Pbare 147.1947 32.25054 0 0 2 
Ndead 147.2259 32.28176 0 0 2 
Pgrass 147.3237 32.37955 0 0 2 
Plitter 147.5304 32.58622 0 0 2 
Pforbs 147.583 32.63886 0 0 2  

a See Table 2.2 for descriptions of variables. 
b AICc weight. 
c Relative model likelihood. 
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Table A.10:  Nest-site selection logistic regression models for savannah sparrow nests
compared to paired plots sampled 11-20 m from each nest on reclaimed surface mines in
Pennsylvania, USA, in 2006 – 2007. 

Modela,b AICc ∆AICc wi
c Ld Parameters 

Nshrubs+Pgrass 44.38806 0 0.213111 1 2 
Nshrubs+Pforbs 44.91017 0.522114 0.164146 0.770237 2 
Pforbs 45.53211 1.144054 0.120275 0.56438 1 
Pgrass 45.91741 1.529346 0.0992 0.465486 1 
Pgrass+Dshrub 46.23131 1.843247 0.084791 0.397873 2 
Pforbs+Dshrub 46.72925 2.341192 0.066103 0.310182 2 
Ndead 46.91708 2.529024 0.060178 0.282377 1 
Plitter 47.34998 2.96192 0.048465 0.227419 1 
Nshrubs 47.46954 3.081481 0.045653 0.214222 1 
Pbare 48.1381 3.750045 0.032681 0.153352 1 
Dshrub 48.42804 4.039982 0.028271 0.132657 1  

a See Table 2.2 for descriptions of variables. 
b Because logistic regression used matched pairs of observations, an intercept term was not modeled. 
c AICc weight. 
d Relative model likelihood. 
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Appendix B 
 

Nest Survival Models 

Table B.1:  Nest survival models for grasshopper sparrow nests on reclaimed surface
mines in Pennsylvania, USA, in 2006 – 2007. 

Nest survival model AICc ∆AICc wi
a Lb Parameters

S(county*year+TT+visible) 272.2946 0 0.40972 1 7 

S(county*year+TT+visible+rain)
c 273.6069 1.3123 0.21258 0.5188 8 

S(county*year+TT+visible+temp) 274.3106 2.016 0.14953 0.365 8 

S(county*year+TT+LitterD) 275.8233 3.5287 0.07018 0.1713 7 

S(county*year+TT) 275.9567 3.6621 0.06566 0.1603 6 

S(county*year+TT+VisOb) 277.3167 5.0221 0.03326 0.0812 7 

S(county*year+TT+Pveg) 277.98 5.6854 0.02387 0.0583 7 

S(TT) 279.0462 6.7516 0.01401 0.0342 3 

S(year+TT) 280.4984 8.2038 0.00678 0.0165 4 

S(county+TT) 280.542 8.2474 0.00663 0.0162 4 

S(county*year+T) 280.5735 8.2789 0.00653 0.0159 5 

S(T) 285.7799 13.4853 0.00048 0.0012 2 

S(county+T) 286.0974 13.8028 0.00041 0.001 3 

S(year+T) 287.289 14.9944 0.00023 0.0006 3 

S(county*year) 289.0252 16.7306 0.0001 0.0002 4 

S(.) 292.8648 20.5702 0.00001 0 1 

S(year) 294.2674 21.9728 0.00001 0 2 

S(county) 294.4427 22.1481 0.00001 0 2 
a AICc weights. 
b Relative model likelihood. 
c Rainfall events were defined as daily rainfall ≥ 0.254 cm. 
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Table B.2:  Nest survival models for Henslow’s sparrow nests on reclaimed surface
mines in Pennsylvania, USA, in 2006 – 2007. 

Nest survival model AICc ∆AICc wi
a Lb Parameters

S(visible+temp) 67.1595 0 0.30479 1 3 

S(county*year+LitterD) 67.6584 0.4989 0.2375 0.7792 5 

S(county*year+LitterD+temp) 68.6343 1.4748 0.1458 0.4784 6 

S(county*year+LitterD+rain)
c
 69.4796 2.3201 0.09554 0.3135 6 

S(visible) 69.7379 2.5784 0.08397 0.2755 2 

S(visible+rain) 70.6592 3.4997 0.05297 0.1738 3 

S(LitterD) 71.907 4.7475 0.02838 0.0931 2 

S(county*year+visible) 72.7141 5.5546 0.01896 0.0622 5 

S(.) 74.2679 7.1084 0.00872 0.0286 1 

S(county*year) 74.9484 7.7889 0.0062 0.0203 4 

S(VisOb) 75.5999 8.4404 0.00448 0.0147 2 

S(T) 75.7633 8.6038 0.00413 0.0136 2 

S(county*year+VisOb) 75.9516 8.7921 0.00376 0.0123 5 

S(county*year+T) 76.8086 9.6491 0.00245 0.008 5 

S(TT) 77.7925 10.633 0.0015 0.0049 3 
a AICc weights. 
b Relative model likelihood. 
c Rainfall events were defined as daily rainfall ≥ 0.254 cm. 
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Table B.3:  Nest survival models for savannah sparrow nests on reclaimed surface mines
in Pennsylvania, USA, in 2006 – 2007. 

Nest survival model AICc ∆AICc wi
a Lb Parameters

S(T+VisOb+rain)
c 104.8668 0 0.30834 1 4 

S(T+VisOb) 105.2055 0.3387 0.26031 0.8442 3 

S(T+VisOb+temp) 105.3163 0.4495 0.24628 0.7987 4 

S(T) 109.0291 4.1623 0.03848 0.1248 2 

S(T+visible) 109.5928 4.726 0.02903 0.0941 3 

S(.) 109.637 4.7702 0.02839 0.0921 1 

S(T+Pveg) 110.0625 5.1957 0.02295 0.0744 3 

S(TT) 110.3632 5.4964 0.01975 0.0641 3 

S(year+T) 111.0117 6.1449 0.01428 0.0463 3 

S(T+LitterD) 111.0128 6.146 0.01427 0.0463 3 

S(year) 111.6675 6.8007 0.01029 0.0334 2 

S(year+TT) 112.2621 7.3953 0.00764 0.0248 4 
a AICc weights. 
b Relative model likelihood. 
c Rainfall events were defined as daily rainfall ≥ 0.254 cm. 
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Appendix C 
 

Model Averaged Parameter Estimates for Nest Site Selection Models 

Table C.1:  Model averaged resource selection functions to describe grasshopper sparrow 
nest site selection at two scales and two time periods on reclaimed surface mines in western 
Pennsylvania, USA, 2006 – 2007. 

 Dshruba 

(SE) 
Nshrubs 

(SE) 
Horizon 

(SE) 
VisOb 
(SE) 

VisOb2 
(SE) 

LitterD 
(SE) 

Ndead 
(SE) 

Pveg 
(SE) 

Pgrass 
(SE) 

Pbare 
(SE) 

Field scale: nests compared to available systematic random plots 

All 
nests  

0.0049 
(0.0035) 

 -0.036 
(0.017) 

0.012 
(0.074) 

-0.0002 
(0.0004) 

     

Early 
nestsb  

0.0091 
(0.0038) 

-0.35 
(0.018) 

   -0.27 
(0.081) 

0.52 
(0.18) 

   

Late 
nestsc 

-0.006 
(0.005) 

 -0.08 
(0.027) 

0.11 
(0.092) 

-0.0008 
(0.0005) 

     

Territory scale: nests compared to available paired plots 

All 
nests  

0.011 
(0.011) 

        -0.041 
(0.017) 

Early 
nestsb  

0.012 
(0.012) 

0.067 
(0.098) 

     0.0001 
(0.01) 

0.025 
(0.011) 

-0.032 
(0.019) 

Late 
nestsc 

0.039 
(0.026) 

0.02 
(0.029) 

 -0.018 
(0.013) 

   0.014 
(0.022) 

 -0.06 
(0.037) 

a Parameter estimates are for an exponential resource selection function of the form ŵ (x) =            
exp(β1x1 + … + βixi). 

b Early nests were sampled prior to 06 July in each year. 
c Late nests were sampled after to 05 July in each year. 
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Table C.2:  Model averaged resource selection functions to describe Henslow’s sparrow
nest site selection at two scales on reclaimed surface mines in western Pennsylvania, 
USA, 2006 – 2007. 

 Dshruba 

(SE) 
Nshrubs 

(SE) 
Slope 
(SE) 

Horizon 
(SE) 

VisOb 
(SE) 

LitterD 
(SE) 

Pforbs 
(SE) 

Pbare 
(SE) 

Field scale  -0.66 
(0.37) 

-0.13 
(0.073) 

-0.04 
(0.029) 

 0.25 
(0.11) 

 -3.67 
(1.89) 

Territory 
scale 

0.021 
(0.017) 

-0.91 
(0.45) 

    0.25 
(0.24) 

-0.1 
(0.13) 

a Parameter estimates are for an exponential resource selection function of the form ŵ (x) =     
exp(β1x1 + … + βixi).  

 

Table C.3:  Model averaged resource selection functions to describe Savannah sparrow 
nest site selection at two scales on reclaimed surface mines in western Pennsylvania,
USA, 2006 – 2007. 

 Dshruba 

(SE) 
Nshrubs 

(SE) 
Slope 
(SE) 

LitterD 
(SE) 

Ndead 
(SE) 

Pgrass 
(SE) 

Pforbs 
(SE) 

Plitter 
(SE) 

Pbare 
(SE) 

Field 
scale  

 -1.6 
(0.567) 

-0.28 
(0.09) 

-0.35 
(0.14) 

     

Territory 
scale 

-0.038 
(0.031) 

-0.78 
(0.47) 

  -0.072 
(0.041) 

0.041 
(0.048) 

-0.038 
(0.021) 

0.031 
(0.019) 

-0.032 
(0.041) 

a Parameter estimates are for an exponential resource selection function of the form ŵ (x) =     
exp(β1x1 + … + βixi).  
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Appendix D 
 

Model Averaged Parameter Estimates for Nest Survival Models 

Table D.1:  Model averaged beta estimates and standards errors for daily nest survival
probabilities (DSR)a of grasshopper, Henslow’s, and Savannah sparrows on reclaimed 
surface mines in Pennsylvania, USA, 2006 – 2007. 

 Grasshopper 
sparrow 

Henslow’s 
sparrow 

Savannah sparrow 

 β̂  SE β̂  SE β̂  SE 

Intercepts       

Clarion  7.56 1.31 4.68 3.95 

Clearfield  7.34 1.28 3.63 3.06 

Clarion  6.28 1.36 2.75 2.80 

Clearfield  7.57 1.33 3.74 3.13 

0.66b 2.12 

Covariates       

Visible  –0.028 0.010 –0.063 0.0024   

LitterD -0.145 0.096 –0.66 0.25   

VisOb      –0.048 0.021 

T  –0.139 0.047   –0.033 0.015 

TT  0.00123 0.00048     

Temp 0.47 0.61 0.166 0.10 –0.098 0.073 

Rain 0.0058 0.054 0.517 1.06 3.13 8.50 
a DSR is related to the beta estimates through a logit link. 
b Nest survival for Savannah sparrows was best modeled with a constant intercept over years and sites.  
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Appendix E 
 

Total number of birds banded 2003 – 2007 

Table E.1:  Total number of grasshopper, Henslow’s, and savannah sparrows banded on 4
reclaimed surface mine fields in Clearfield and Clarions counties, Pennsylvania, USA, 
2003 – 2007.. 

 2003 – 2005  2006  2007   

Field m f u  m f u  m f u  total 

HS (Clearfield)                        

GRSP 57 0 0  39 21 0  28 25 13  183 

HESP 24 0 0  16 4 0  25 7 4  80 

SAVS 0 0 0  21 11 1  16 15 7  71 

HL (Clearfield)              

GRSP     28 7 0  7 5 1  48 

HESP     11 3 0  15 2 0  31 

SAVS     3 2 0  2 1 0  8 

MZ (Clarion)              

GRSP     20 17 1  10 1 2  51 

HESP     27 7 8  23 2 1  68 

SAVS     6 1 0  5 0 0  12 

LF (Clarion)              

GRSP     13 9 4  20 3 0  49 

HESP     12 2 12  3 0 0  29 

SAVS     0 0 0  1 0 0  1 

Totals              

GRSP 57 0 0  100 54 5  65 34 16  331 

HESP 24 0 0  66 16 20  66 11 5  208 
SAVS 0 0 0  30 14 1  24 16 7  92  
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Appendix F 
 

Grasshopper Sparrow Site Fidelity Models 

Table F.1: Site fidelity models for grasshopper sparrows on reclaimed surface mines in
Pennsylvania, USA.  

Model AICc ∆AICc wi
a Lb k 

Sex 74.11002 0 0.264198 1 2 
Sex + successful nests 76.0675 1.957481 0.099282 0.375784 3 
Sex * success 76.12738 2.017356 0.096353 0.364701 4 
Sex + fate of last nest 76.21643 2.106407 0.092157 0.348818 3 
Sex +  failed nests 76.21643 2.106407 0.092157 0.348818 3 
Sex +  number fledged 76.22421 2.114185 0.0918 0.347465 3 
Sex + success 76.2738 2.163773 0.089551 0.338955 3 
Sex * successful nests 77.82941 3.719383 0.041141 0.155721 4 
Sex * number fledged 78.11989 4.009869 0.035579 0.134669 4 
Sex * fate of last nest 78.41511 4.305088 0.030697 0.116188 4 
Sex * failed nests 78.41511 4.305088 0.030697 0.116188 4 
Intercept only 80.21898 6.10896 0.012456 0.047147 1 
Successful nests 82.13792 8.027896 0.004772 0.018062 2 
Fate of last nest 82.25251 8.14249 0.004506 0.017056 2 
Failed nests 82.25251 8.14249 0.004506 0.017056 2 
Success 82.32491 8.214891 0.004346 0.01645 2 
Number fledged 82.33037 8.220345 0.004334 0.016405 2 
Global 84.49759 10.38757 0.001467 0.005551 7 

a AICc weights. 
b Relative model likelihood.  
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Table G.1: Inter-annual movement models and parameter estimates for grasshopper sparrows on reclaimed surface mines in 
Pennsylvania, USA.  

 Parameter estimates 

 

    

  
 

Sex effecta 
 Reproductive success 

effect 
  

Interaction effect 

Model AICc ∆AICc wi
b Lc k R2 slope SE  slope SE  slope SE 

Success 137.365 0 0.177 1 2 0.155    -59.45 29.99    

Sex 137.828 0.463 0.140 0.793 2 0.131 -47.79 25.84       

Sex + success 138.238 0.873 0.114 0.646 3 0.200 -35.52 26.08  -46.47 30.69    

Intercept only 138.730 1.366 0.089 0.505 1 0         

Sex + number fledged 139.722 2.357 0.054 0.308 3 0.127 -47.06 25.91  -4.79 4.96    

Sex + fate of last nest 139.783 2.418 0.053 0.299 3 0.124 -46.73 25.97  -25.42 27.12    

Sex + failed nests 139.783 2.418 0.053 0.299 3 0.124 -46.73 25.97  25.42 27.12    

Sex + successful nests 139.917 2.552 0.049 0.279 3 0.117 -45.56 26.17  -17.83 20.44    

Successful nests 140.260 2.895 0.042 0.235 2 -0.002    -21.31 21.68    
a Negative values indicate longer movements by females than males. 
b AICc weights. 
c Relative model likelihood. 

 

Appendix G 
 

Grasshopper Sparrow Inter-annual Movement Models  
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Table G.1 (continued): Inter-annual movement models and parameter estimates for grasshopper sparrows on reclaimed surface 
mines in Pennsylvania, USA. 

 Parameter estimates 

 

 
  

Sex effecta 
 Reproductive success 

effect 
  

Interaction effect 

Model AICc ∆AICc wi
b Lc k R2 slope SE  slope SE  slope SE 

Number fledged 140.330 2.965 0.040 0.227 2 -0.006    -5.05 5.32    

Fate of last nest 140.331 2.966 0.040 0.227 2 -0.006    -27.54 29.05    

Failed nests 140.331 2.966 0.040 0.227 2 -0.006    27.54 29.05    

Sex * success 141.070 3.705 0.028 0.157 4 0.171 -73.97 59.96  -61.85 37.92  47.81 66.87 

Sex * fate of last nest 141.081 3.716 0.028 0.156 4 0.171 -92.27 42.41  -61.85 37.94  70.58 52.81 

Sex * failed nests 141.081 3.716 0.028 0.156 4 0.171 -21.68 31.46  61.85 37.94  -70.58 52.81 

Sex * number fledged 141.942 4.577 0.018 0.101 4 0.128 -89.66 49.75  -7.71 5.75  11.40 11.36 

Sex * successful nests 143.385 6.020 0.009 0.049 4 0.051 -51.11 52.54  -19.51 25.18  5.76 46.68 
a Negative values indicate longer movements by females than males. 
b AICc weights. 
c Relative model likelihood. 

 


