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ABSTRACT 

Henslowôs Sparrows (Ammodramus henslowii) are not only uncommon, but they are also unpredictable in 

grasslands that appear suitable.  Furthermore, the extent, distribution, and year-to-year variability of their 

breeding habitat has not yet been characterized. In this dissertation, resettlement behavior was analyzed 

using two measures of population variability, prevalence of occurrence and variation in abundance, first at 

the Breeding Bird Survey (BBS) route level (Chapter 2), then across multiple spatial resolutions (Chapter 

3). Variability of Henslowôs Sparrow populations was compared to that of two other grassland sparrow 

species, Grasshopper Sparrows (A. savannarum) and Savannah Sparrows (Passerculus sandwichensis). In 

both analyses, Henslowôs Sparrows showed lower prevalence and higher variation in abundance than the 

other two species at the BBS route level and across all but the broadest spatial resolutions. Henslowôs 

Sparrows do not occur consistently at extents of less than 120 000 km2, suggesting nomadic behavior. To 

relate patterns of habitat turnover to the nomadic behaviors described in the first two research chapters, 

ecological niche models were used to identify the extent and distribution of suitable breeding area across 

three years (2008ï2010), and then to characterize turnover in suitability between 2 sets of years (2008ï

2009 and 2009ï2010; Chapter 4). Turnover varied across time and species, such that losses and gains 

fluctuated in dominance within species and between years. Turnover of both gains and losses was similar 

among species and relatively low in 2008ï2009; however, in 2009ï2010, Henslowôs Sparrows showed 

much higher losses and lower gains, and more clustering of this turnover across broad regions compared 

to the other two species. Overall, conversion (i.e., state change) of grasslands was relatively low, 

accounted for a greater proportion of losses than gains of suitable area for all species, and varied within 

losses among species. In variable years when turnover is high, Henslowôs Sparrows may be more 

nomadic compared to mild years, when turnover and movements are low. Results presented here provide 

a more complete understanding of the broad-scale dynamics of Henslowôs Sparrow populations and their 

habitat, information that may be key to successful conservation of this and ecologically similar grassland 

species.  
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CHAPTER 1 

Introduction 

 

This research focuses on improving the understanding of the response of a rare habitat specialist 

(Henslowôs Sparrow, Ammodramus henslowii) to broad-scale habitat changes, and of the extent to which 

natural and anthropogenic influences affect the amount and distribution of its breeding habitat. This 

dissertation enhances the current knowledge of the breeding biology of this species and two other 

grassland sparrows (Grasshopper, A. savannarum, and Savannah, Passerculus sandwichensis, sparrows). 

More generally, this study illustrates nomadic speciesô distributional ecology on a range-wide scale, 

providing a novel example of whole-range methodology that can be extended to any other taxa. 

General habitat requirements.ðHenslowôs Sparrows are an obligate grassland-nesting species 

that has a sparse and patchy breeding distribution across Midwest and portions of the northeastern US 

(Pruitt 1996, Herkert et al. 2002, Sauer et al. 2011). Although this species nests in a variety of ñbroadly-

namedò habitats (e.g. tallgrass prairies, marshes (Hyde 1939), swamps (Sutton 1928, Stone 1984), weedy 

pastures (Eifrig 1919), reclaimed surface mines (Bajema et al. 2001), etc.), it actually requires a unique 

suite of habitat characteristics: large, open grasslands (Hyde 1939, Smith 1968, Thogmartin et al. 2006) 

where vegetation litter density and depth are well developed (Wiens 1969, Robbins 1971, Cully and 

Michaels 2000, Bajema et al.2001), standing dead residual vegetation is present, forbs and woody-stem 

density are sparse or entirely lacking, and standing live vegetation is tall and dense (Wiens 1969, Robbins 

1971). 

These aspects of vegetation height (Wiens 1969, Herkert 1994b) and density (Wiens 1969, 

Zimmerman 1988) are typical of natural and relatively infrequent fire and grazing disturbances. Changes 

in frequency or intensity of disturbance easily alter vegetative structure, and can result in avoidance of an 

area by the species. An increase in disturbance reduces preferred above-ground vegetation, whereas 

decreases encourage woody encroachment (Graber 1968, Bollinger 1995, Cully and Michaels 2000). 
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Furthermore, the years immediately following disturbance generally present unsuitable habitat for this 

species; 2ï3 years of no disturbance are required before habitat is suitable once more to attract breeding 

pairs (Powell 2006). Across the landscape, disturbances are temporally and spatially discontinuous, 

producing a landscape across which suitable habitat may shift significantly through time. Henslowôs 

Sparrows are area-sensitive (i.e., requiring a minimum habitat extent; Herkert 1994a, Winter and Faaborg 

1999), generally avoid edge habitat near roads (Patten et al. 2006), and are suspected to require habitat 

patches with some degree of connectivity. 

Grasshopper and Savannah sparrows have more extensive breeding ranges and wider breadths of 

preferred habitat compared to Henslowôs Sparrows, and are more likely take advantage of habitat in 

earlier stages of succession (Wiens 1973). In summer months, Grasshopper Sparrows are observed across 

most of the US, east of the Rocky Mountains, with some extension of their range into western states (e.g., 

Idaho, Washington, Nevada, California) and southern Canada, overlapping that of Henslowôs Sparrow 

completely (Sauer et al. 2011). Grasshopper Sparrow preferred habitat may vary with geography; 

however, the species typically prefers moderately open grassland, recently burned prairies, and restored 

surface mine-lands (Herkert 1994b, Vickery 1996). This species selects habitat for its vertical structure, 

choosing larger areas (>30ha) with more bare ground, less litter layer, and sparser vegetation than those 

areas preferred by Henslowôs (Whitmore 1981) or Savannah sparrows (Wiens 1969). Areas with heavy 

shrub cover are generally avoided (Vickery 1996, Dieni and Jones 2003) in the East, but tolerated and 

perhaps selected for in western, arid grasslands (Wiens 1973).  

Savannah Sparrows have the broadest breeding range of the three species, occurring across all of 

northern US and southern Canada. This species also uses the widest variety of breeding habitats: open 

country, grassy meadows, cultivated fields, grazed pastures, roadsides, coastal grasslands, sedge bogs, salt 

marshes, and tundra (Wiens 1969). Savannah sparrows prefer a well-developed litter layer with areas of 

bare ground (Wiens 1969, Dieni and Jones 2003). In both Grasshopper and Savannah sparrows, habitat 
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preferences appear to have spatial association (e.g., difference is shrub preference by Grasshopper 

Sparrows; Wiens 1973; Vickery 1996).  

Conservation status.ðPopulation trend data suggest that Henslowôs Sparrows have declined over 

most of the breeding range in the last century (Sauer et al. 2011); however, recent reports suggest that 

some populations appear stable, or even increasing in portions of their range (Herkert 2007, Sauer et al. 

2011). Notwithstanding current population estimates, Henslowôs Sparrows remain classified as ñNear 

Threatenedò by the BirdLife International (2012a) and are listed as endangered or threatened in 12 states 

(Pruitt 1996, Burhans 2002), although they do not have federal listing (Herkert et al. 2002). Grasshopper 

and Savannah sparrows show continual declines survey-wide (Sauer et al. 2011); however, both are 

classified as species of ñLeast Concernò by the BirdLife International (2012b,c) on the basis of range size 

and extent. 

Grassland bird population declines can be attributed in large part to monumental (>99%) loss of 

native tallgrass prairie, a result of 200 years of agriculture, development, and grazing (Knopf 1994, 

Fuhlendorf and Engle 2001, Smith and Owensby 1978), such that 13 species within this critically 

endangered biome (Noss et al. 1995) have incurred serious losses (Knopf 1994, Peterjohn and Sauer 

1999, Robbins et al. 2002, Powell 2006). More recently, management practices for cattle on tallgrass 

prairie have emphasized yearly spring burnings and high density cattle stocking; although this scheme 

may be optimal for cattle production, it produces a perpetually early-succession prairie that is sub-optimal 

for many prairie bird species (Robbins et al. 2002). This broad conversion of prairie to large-scale 

agriculture and grazed pastures has altered natural disturbance regimes region-wide, and has rendered 

most of the native habitat unusable by Henslowôs Sparrows. Nonetheless, range-wide assessments of the 

amount and distribution of habitat for this species have yet to be developed. Throughout this dissertation, 

ñconversionò is used broadly, but refers to the state change of grassland to non-grass land cover types. 

Breeding behavior.ðHenslowôs Sparrows present a unique behavior, such that they are observed 

inconsistently from year to year, although vegetation at nest sites appears unchanged (Hyde 1939, Wiens 
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1969, Skipper 1998, Ingold et al. 2009). Site fidelity (used interchangeably with philopatry and 

resettlement throughout this dissertation) is the likelihood that individuals or populations return to nest 

sit4es or areas used in previous years. In studies that focus on individual returns to previously-used nest 

sites, Henslowôs Sparrows exhibit low (Skipper 1998, Monroe and Ritchison 2005) or nonexistent site 

fidelity (Pruitt 1996) compared to other grassland species: Savannah Sparrows (Bédard and LaPoint 

1984), Grasshopper Sparrows (Skipper 1998), Bobolinks (Dolichonyx oryzivorus, Gavin and Bollinger 

1988), Dickcissels (Spiza americana, Zimmerman and Finck 1989). Site fidelity is higher in species 

whose habitat does not change much between years, or in species that have broad habitat preferences, 

such that minor changes to environmental conditions do not render habitat unsuitable. Site fidelity has 

particular advantages: familiarity with an area increases the probability of finding food, defending a 

territory form conspecifics, and avoiding predators (Hinde 1956); however, for species that use highly 

variable habitats or have narrow habitat preferences, returning to previously-used areas may not be 

possible if the suitability of these areas has been reduced to suboptimal conditions. For these species, it is 

advantageous to settle new sites.  

Nomadism is a special form of resettlement that is characterized by irregular movements of 

individuals, groups of individuals, or whole populations to different areas from year to year or within 

seasons (Sinclair 1984, Dean 1997). Nomadism develops most commonly in species when limiting 

resources fluctuate spatiotemporally and become patchy and unpredictably available across a region 

(Sinclair 1984, Dean 1997), hence making it ineffective for individuals to return consistently to the same 

areas (Andersson 1980). Such conditions are common in arid environments where resources are 

ephemeral and associated with unpredictable precipitation, and in intercontinental grasslands where 

disturbances (fire and grazing; Jones et al. 2007) and dynamic weather patterns regulate annual growth 

and structural development of the vegetation (Bragg 1995).  

Nomadic predictors appear to vary by spatial scale, species biology, and environmental 

conditions. At fine scales, nomadism at the individual level may be determined by age (Newton and 
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Marquis 1982), mate loss (Greenwood and Harvey 1982), or unsuccessful breeding attempts in past years 

(Greenwood and Harvey 1982, Newton and Marquis 1982, Gavin and Bollinger 1988). Among 

populations and across broader spatial scales, nomadism may be driven by conspecific attraction (Stamps 

1987, 1988, Ahlering et al. 2006) or habitat loss (Fuhlendorf and Engle 2001). Diet, however, has 

multiscale influences and is considered the best predictor of nomadism in birds. This behavior appears 

most commonly in granivorous birds (Andersson 1980, Dean 1997) and rodent specialists (Lack 1954) 

where food abundance fluctuates cyclically (Andersson 1980).  

Objectives.ðPrevious research has focused on understanding the dynamics of Henslowôs 

Sparrows at local and regional levels; however, there is currently a pressing need for landscape (i.e., 

range-wide) analysis of Henslowôs habitat. It is not known whether the low, local site fidelity is 

transferred to broader regions, or if it occurs across the full breeding distribution. If Henslowôs Sparrows 

are not returning consistently to breeding areas, what ecological factors may be responsible for these 

movements? What is more, for conservation management to be efficient and effective, both the current 

extent of suitable habitat and the breeding behavior and habitat use of this species must be considered. If 

territory selection and establishment cannot be predicted consistently because of multi-scale nomadism, 

special efforts must be made to design a configuration of patches of suitable habitat that accounts for this 

behavior.  

The objectives of this dissertation were threefold. In Chapter 2, abundance data from the 

Breeding Bird Survey (BBS) were used to create two variables (prevalence of occurrence and variation in 

abundance) to characterize spatiotemporal population variability in Henslowôs, Grasshopper, and 

Savannah sparrows within the Henslowôs Sparrowôs breeding range at a single spatial scale (the BBS 

route level). Chapter 3 is an expansion of the analysis of Chapter 2 to include a spectrum of spatial 

resolutions and extents ranging from 0.5 km
2 
to 0.5 x 10

6
 km

2
, or 6 orders of magnitude of area, and to 

present a novel method by which to analyze multi-resolution prevalence of occurrence data. These first 

two chapters characterize the consistency to which Henslowôs Sparrows return to previously-used nest 
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areas, and make inferences about possible causes for this variability. In Chapter 4, ecological niche 

modeling was used to identify the extent, distribution, and between-year dynamics of suitable habitat of 

these species and relate these results to the patterns described in Chapters 2 and 3.  

Chapter 2 has been published (Dornak, L. L. 2010. Breeding patterns of Henslow's Sparrow and 

sympatric grassland sparrow species. Wilson Journal of Ornithology 122:635ï645), and Chapter 3 has 

been accepted for publication (Dornak, L. L., N. Barve, and A. T. Peterson. 2012. Spatial scaling of 

prevalence and population variation in three grassland sparrows. Condor (in press)). Chapter 4 is being 

prepared, with co-authors, A. Townsend Peterson and Jorge Soberón, for submission. 
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CHAPTER 2 

Breeding patterns of Henslowôs Sparrow and sympatric grassland sparrow species 

 

ABSTRACT.ðHenslowôs Sparrows (Ammodramus henslowii) are reported to show irregular patterns of 

return to breeding areas.  I present data supporting these reports at range-wide extents, while testing 

potential biases inherent in the North American Breeding Bird Survey data. Two measures of population 

variability were used to show that Henslowôs Sparrows are less likely to use breeding areas predictably 

and consistently, but have similar variance in numbers at occupied sites relative to other sympatric 

grassland sparrow species. I illustrate how restricting analyses to single-observer-collected BBS data 

results in subtle but significant effects not detected in data aggregated from multiple observers through 

the study period. The most conservative analysis (single-observer, restricted distribution) showed that 

Henslowôs Sparrows exhibited lower prevalence of occurrence than Grasshopper (P < 0.001) and 

Savannah Sparrows (P < 0.001) but no difference in variation of abundance (P > 0.05). These results 

suggest that Henslowôs Sparrows are not returning to previously used breeding habitat from year-to-year. 

Grassland management should consider the behavior documented in this study and attempt to incorporate 

this facet of Henslowôs Sparrow biology into decisions that involve broad-scale landscape design. 

INTRODUCTION  

Artificial grazing regimes, drainage of wetlands, large-scale agriculture, and alteration of natural fire 

regimes have changed North American landscapes, and left behind only relict tracts of native prairie 

(Hyde 1939; Knopf 1988, 1994). The full extent of these impacts on native flora and fauna has only 

recently begun to be appreciated. Shifts are likely occurring continent-wide, but the most dramatically 

impacted habitat has been native grasslands. Since European settlement, 99.9% of native prairies have 

been lost (Samson and Knopf 1994) or altered (Vickery et al. 1994) in North America, and they are now 

termed a critically endangered habitat (Noss et al. 1995). Thirteen bird species within this biome have 

suffered serious declines, far surpassing those of any other North American biome (Knopf 1994, 
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Peterjohn and Sauer 1999, Robbins et al. 2002, Powell 2006), probably the result of continued conversion 

(i.e., state change) of prairie habitat to an artificial landscape.  

Henslowôs (Ammodramus henslowii), Grasshopper (A. savannarum), and Savannah (Passerculus 

sandwichensis) sparrows are obligate grassland nesters (Vickery et al. 1994) with population declines 

across part or all of their breeding ranges (Peterjohn and Sauer 1999, Wells and Rosenberg 1999). None 

has national threatened or endangered species status, but Henslowôs and Grasshopper sparrows were 

listed as Birds of Conservation Concern (BCC) in 2008 (USDI 2008) and as Species of Continental 

Importance (Rich et al. 2004).  However, the speciesô behavior and habitat use, as it relates to landscape 

configuration, must be understood more fully before successful management can be achieved. 

Hyde (1939:23) was the first to note the unpredictability of Henslowôs Sparrows appearance in 

breeding areas, writing ñits presence in a given season cannot be certainly predicted,ò a sentiment that has 

been repeated by other authors (Wiens 1969, Skipper 1998, Ingold et al. 2009). Most studies report low 

(Skipper 1998, Monroe and Ritchison 2005) or nonexistent site fidelity for Henslowôs Sparrows in 

breeding areas (J.L. Zimmerman cited in Pruitt 1996). This behavior is atypical compared to Grasshopper 

and Savannah sparrows which exhibit higher nest site fidelity (Bédard and LaPointe 1984, Wheelright 

and Rising 1993). The aforementioned studies have used site fidelity as a measurement of return rates to 

breeding areas in consecutive years, and have necessarily concentrated at only a few sites. Thus, a 

broader-scale assessment of annual resettlement patterns in breeding areas is necessary but lacking in the 

literature. 

Henslowôs Sparrows may be also erratic and opportunistic in selection of sites for breeding on a 

broad spatial scale. Previous research on this species has focused at local and regional scales, with a few 

exceptions (e.g., Herkert 2007). The only studies that have used landscape-level analysis were limited to 

sections of the speciesô range (Bajema and Lima 2001, Cunningham and Johnson 2006, Thogmartin et al. 

2006), and little information exists to provide a range-wide perspective on this species. 



15 

I examined abundance data from the entire breeding range for Henslowôs Sparrows, and 

compared it to similar data for Grasshopper and Savannah sparrows. The focus was not to compare 

habitats used by each species; instead, I analyzed patterns of resettlement in habitat the birds already had 

assessed as suitable for nesting. Grasshopper and Savannah sparrows were chosen for comparison, not 

because of similarity or dissimilarity of habitat choices, but because they are obligate grassland sparrow 

species that nest within Henslowôs Sparrowsô breeding range. 

I used the North American Breeding Bird Survey (BBS) data (Sauer et al. 2007) to address two 

objectives. First, I examined how Henslowôs Sparrow populations vary in time and space. BBS data have 

been criticized for biases, and a secondary objective was to assess the impact of using different subsets of 

the BBS data to answer this question. This information is critical to understanding this speciesô natural 

history, as well as any conservation implications that may be derived. 

METHODS 

Study area.ðThe study area included the entire breeding ranges of Henslowôs, Grasshopper, and 

Savannah sparrows (Fig. 1). All bird abundance data were derived from the BBS, a monitoring system 

created in the 1960s with the goal of understanding long-term trends in North American breeding bird 

populations (Sauer et al. 2007). BBS data are collected annually, on fair-weather June mornings, on 4,100 

standardized roadside census routes across the United States, Canada and, most recently, Mexico. 

Sampling points are spaced evenly along the survey route (Robbins et al. 1986), which is 39.4 km in 

length; 50 sampling points are located every 0.8 km along the route. Observers record all birds seen or 

heard during 3 min at each stop. Data are available for all years between 1966 and the present, but I used 

data from 2000ï2007 to assure maximal route density and consistency. 

Count data.ðI used two measures to describe the magnitude of yearly fluctuations of 

resettlement across the ranges of these species: prevalence of occurrence (proportion of years present) and 

variation in abundance. The former describes how consistently a species returns to a given BBS route 

year after year, and is calculated as the ratio of the number of years in which a species was detected on a 
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route to the number of times during the study period the route was surveyed. The latter measures year-to-

year variation in the number of individuals at the site and is estimated as the coefficient of variation: the 

standard deviation data divided by the mean abundance for each route across all years in which the route 

was surveyed. Routes sampled in only 1 year of the study period were excluded from analyses because 

the coefficient of variation was undefined. These two variables describe the consistency of occurrence 

and abundance, but saturation effects of variation in abundance may influence my results. 

The BBS data were divided and analyzed in four groups to consider potentially inherent biases. 

(1) BBS routes were considered across the entire breeding range of each species. (2) Analysis was 

constrained to BBS routes within the recorded breeding range of Henslowôs Sparrows. I examined BBS 

route data collected by single observers across all years in the study period, removing possible biases 

originating from differences in observer consistency. These analyses were conducted (3) across the entire 

range of each species, and (4) only within Henslowôs Sparrowsô distributional area. The smallest data set 

had 56 routes and, to have equal samples sizes for each analysis, I randomly selected 50 routes per species 

for each data set. 

Statistical analysis.ðShapiro-Wilk normality tests and Leveneôs test for homogeneity of 

variances were performed on all data sets. At least one sample within each data set had non-normally 

distributed data and unequal variances. Both negative and positive skews were common within datasets, 

and transformation of the data was not possible. Thus, I used Kruskal-Wallis nonparametric analysis of 

variance to test for differences among means, which provided conservative and consistent testing for 

differences among all groups. Kruskal-Wallis test statistics were evaluated with Ŭ = 0.05. Mann-Whitney 

U-tests were performed to differentiate between significant groups whenever significant ɢ
2
 values were 

obtained. I used the non-parametric Kendallôs tau statistic to analyze the relationship between prevalence 

of occurrence and variation in abundance. A Bonferroni correction was applied to Mann-Whitney U-tests 

and Kendallôs tau correlations, and all effects were reported at Ŭ = 0.0167. Statistical analyses were 

performed using SPSS, Version 16.0 (2007). All maps were created in ArcGIS, version 9.2 (ESRI 2009). 
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RESULTS 

Prevalence of occurrence.ðSignificant differences were found among species in all data sets tested for 

prevalence of occurrence (P < 0.001). There were significant differences between species for the 

multiple-observer data set, both at the full extent of the speciesô ranges and within the distribution of 

Henslowôs Sparrows (Table 1). Mann-Whitney U-tests for the full extent of the speciesô ranges indicated 

the median prevalence of occurrence for Henslowôs Sparrows (0.50) was lower than for Grasshopper 

(0.78, P = 0.006), and Savannah (1.00, P < 0.001) sparrows; Grasshopper Sparrows did not differ 

significantly in prevalence from Savannah Sparrows (P = 0.022, Table 2). Results constrained to within 

Henslowôs Sparrowôs distributional area were similar, and significant for all comparisons (Tables 1ï2, 

Fig. 2).  

There were significant among-group differences in the single-observer data sets for both the full-

range extent and within Henslowôs Sparrowôs distributional area (P < 0.001, Table 1). Median Henslowôs 

Sparrows prevalence (0.50) for full-range extents was significantly lower than for Grasshopper (0.88, P < 

0.001), and Savannah (1.00, P < 0.001) sparrows (Table 2). Grasshopper Sparrows had lower prevalence 

than Savannah Sparrows (P = 0.005, Table 2). The same results occurred when these data were restricted 

to Henslowôs Sparrowôs distributional area (Tables 1ï2, Fig. 3).  

Variation in abundance.ðResults were less consistent between data sets than for prevalence 

comparisons. There were differences between species (P = 0.011, Table 1) for the multiple-observer data 

set across the full extent of the speciesô ranges. Grasshopper Sparrows had higher variability in abundance 

(median = 0.54) than Henslowôs Sparrows (0.42, P = 0.004), but no significant differences existed 

between Henslowôs and Savannah (0.50, P = 0.070) sparrows, or between Savannah and Grasshopper 

sparrows (P = 0.18, Table 2, Fig. 4). No differences were apparent between the species (Table 1, Fig. 2) 

when the data were limited to Henslowôs Sparrowôs distributional area.  

The single-observer data sets revealed a similar pattern, but with significant differences between 

species in analysis of the full extent (P = 0.002) and within Henslowôs Sparrowôs distribution (P = 0.018, 
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Table 1). There was no difference between Henslowôs Sparrows and Grasshopper (0.44, P = 0.090) or 

Savannah (P = 0.21, Table 2) sparrows. Grasshopper Sparrows, however, did have higher variability 

(median = 0.47) than Savannah Sparrows (0.39, P < 0.001). The same results were obtained for analyses 

limited to single-observer routes within Henslowôs Sparrowôs distribution (Tables 1ï2, Fig. 3). 

Correlation of prevalence and variation.ðPrevalence of occurrence was significantly and 

positively correlated to variation in abundance for Henslowôs Sparrows in the multiple-observer (Ű = 0.37, 

P < 0.001) and single-observer (Ű = 0.32, P = 0.003) datasets. This relationship did not hold for either 

Grasshopper or Savannah sparrows in any data set (all P > 0.05). 

DISCUSSION  

Resettlement .ðSite fidelity describes the likelihood of an individualôs return to a particular site from year 

to year. Often, the decision for adult birds to return to a particular site is based on the individualôs 

experiences, or the experiences of conspecifics, at the site in previous years (Hildén 1965). This 

measurement is ideal for finer-scale analyses, but broad-scale studies require consideration of 

resettlement of an area by groups of individuals. More importantly, global patterns exhibited by these 

groups across space and time can provide insight into differences across their geographic ranges. 

Previous studies have evaluated nest site fidelity in Henslowôs, Grasshopper, and Savannah 

sparrows (Bédard and La Point 1984, Skipper 1998, Jones et al. 2007), although, to my knowledge, this 

study is the first to examine variation in resettlement patterns across their breeding ranges. Henslowôs 

Sparrows, in all analyses, had the lowest prevalence of occurrence among the three species. They were, as 

a group, less likely to return to a BBS route from 1 year to the next. When Henslowôs Sparrows were 

detected, with the exception of one test, they had variability in abundance not distinguishable from those 

of Grasshopper and Savannah sparrows. Both Grasshopper and Savannah sparrows had greater numbers 

of high-prevalence routes than Henslowôs Sparrows. These across-species differences in variation in 

occurrence might be best explained by habitat choices and social behavior of each species. 
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Henslowôs Sparrows require large, open grasslands (Hyde 1939, Smith 1968, Thogmartin et al. 

2006). Vegetation structure, including aspects of vegetation height (Wiens 1969, Herkert 1994a) and 

density (Wiens 1969, Zimmerman 1988), is an important factor for nest site selection in Henslowôs 

Sparrows (Graber 1968, Bajema and Lima 2001, Powell 2006). Fields must remain relatively undisturbed 

for several consecutive years to achieve vegetation structure typical of Henslowôs Sparrowôs breeding 

habitat. Thus, this sparrow avoids fields frequently disturbed by haying (Graber 1968, Cully and Michaels 

2000), burning, or grazing on frequent rotations (Bollinger 1995). Similarly, Grasshopper and Savannah 

sparrows prefer natural habitat to managed landscapes (Owens and Myers 1973, Dale et al. 1997). These 

species are less strict in their habitat preferences, unlike Henslowôs Sparrows, and take advantage of a 

greater variety of habitat, including grazed, cultivated (Owens and Myers 1973), and hay fields (Graber 

1968, Dale et al. 1997). 

These differences in habitat preferences among the species may explain differences in prevalence 

of occurrence. The narrowness of Henslowôs Sparrowsô breeding habitat preferences within the dynamic 

grassland biome possibly motivates groups of individuals to seek unused habitat when previously settled 

locations are no longer suitable (Reinking et al. 2000). For example, an area that is optimal habitat in 1 

year may experience a disturbance, such as a late summer burn, resulting in unsuitable habitat for 

subsequent breeding seasons, thereby encouraging Henslowôs Sparrows to seek new nesting locations. 

Settling suitable habitat when encountered upon arrival in the breeding area, rather than homing to a 

previously used sited and then relocating, would also be advantageous for species that use highly variable 

resources (Johnson and Grier 1988).  Grasshopper and Savannah sparrows, on the contrary, using a wider 

variety of habitats (Smith 1968, Wiens 1969, Owens and Meyers 1973, Dale et al. 1997), may resettle an 

area in successive breeding seasons, even though the habitat has been altered from previous years.  For 

species whose nesting habitat is unpredictable and patchy, the ability to be opportunistic and flexible 

when choosing a nesting location may be advantageous (Wiens 1973, Cody 1985, Johnson and Grier 

1988).   
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Henslowôs Sparrows, in the relatively few areas where they occurred consistently, showed higher 

variation in abundance. In areas where they were not consistently present, they showed less variation in 

abundance, thus, creating a positive association between prevalence and variability. This pattern might be 

explained by the effect of clustering, combined with opportunistic settling. The earliest literature on 

Henslowôs Sparrows noted the tendency of the species to nest in loose colonies, especially when 

occupying large patches of habitat (Hyde 1939, Graber 1968, Wiens 1969). Individuals of nomadic 

species, such as Henslowôs Sparrows, arriving to an area may use the presence of conspecifics which have 

already settled there as a means to evaluate habitat quality, especially when knowledge of nest success 

from previous years within that nesting location is lacking (Bollinger and Gavin 1989, Ahlering et al. 

2006). Thus, clustering when paired with opportunistic location selection may produce a pattern of 

irregularity of settlement with regularity of abundance. Unlike Henslowôs Sparrows, no significant 

relationship exists between variability, prevalence, and abundance in either Grasshopper or Savannah 

sparrows.  

Biases in BBS data.ðUse of BBS data is a timely and cost-effective way of answering relatively 

short-term, broad-scale questions (Sauer et al. 2005, Winter et al. 2006). The BBS is the only source for 

range-wide, standardized data in North America; it is commonly used to estimate abundances and year-to-

year fluctuations across speciesô breeding ranges (Bibby et al. 2000, Diefenbach et al. 2003, Herkert 

2007). Although the BBS is widely used, it is not without potential bias.  

One criticism of the BBS is that of change of observers across time. Link and Sauer (1998) 

suggested that differences in ability among observers may influence trends detected along routes over 

time. I found that results differed when data were limited to single-observer routes. Specifically, 

Savannah Sparrows had significantly higher prevalence rates than Grasshopper Sparrows in the single-

observer data set, a difference not detected in analyses of the multiple-observer data set. The difference 

was significant in both the full extent of the speciesô ranges and in the restricted area; thus, reduced to 

Henslowôs Sparrowôs distributional area, the effect was not a result of geographic extent. Removing 
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routes surveyed by multiple observers also affected variation in abundance. There were contrasting 

differences between species across the full extents of the speciesô ranges. Grasshopper Sparrows had the 

highest variability, but the ranks of the other two species shifted.  The multiple-observer data set in 

analyses constrained to within the Henslowôs Sparrowôs distribution showed no species differences, but 

the single-observer data set revealed significant results.  

Thus, results of several analyses changed when the route data collected by multiple observers 

were removed. This variation is likely a result of change in observers and their relative abilities (Link and 

Sauer 1998). Sauer et al. (1994) suggested abundance patterns are best represented by analyses of single-

observer data only. However, even single observers may, through time, improve in identification and 

detection skills, for example by learning a song (Link and Sauer 1998) or the opposite (e.g., with 

declining hearing abilities); these effects cannot be measured, but may be reduced by comparisons with 

multiple-observer data.  

Detection.ðOther concerns not addressed within the analyses of this paper should be considered. 

In addition to concerns of multiple-observer or geographic effects, it is possible that Henslowôs Sparrows 

are not detected as easily as Grasshopper or Savannah sparrows. The species may be too rare in some 

areas, resulting in detection difficulties (Wells and Rosenberg 1999, DeVault et al. 2002). In other 

locations where individuals are more abundant, lack of activity (Diefenbach et al. 2007, Confer et al. 

2008), or failure to detect individuals may cause discrepancies, thereby affecting count data.  

Henslowôs Sparrowôs cryptic appearance and secretive behavior (Hyde 1939), in addition to its 

insect-like song (Leftwich and Ritchison 2000), may lead to detection problems during surveys. Detection 

may be further restricted when singing declines after mate pairing (Leftwich and Ritchison 2000) or as a 

result of Henslowôs Sparrowsô proclivity for nocturnal singing (Walk et al. 2000). Henslowôs Sparrows 

may not nest near roadsides as a response to present woody vegetation (Patten et al. 2006) or traffic 

volume (Forman et al. 2002), yet BBS data are collected entirely from roadside routes. It is possible that 

populations of birds are not surveyed accurately because of speciesô behavior and surveying techniques. 
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Bajema et al. (2001) suggest applying a correction factor to estimate Henslowôs Sparrow abundance to 

counter these detection problems. 

Conservation implications.ðHenslowôs Sparrow was once thought to be prevalent throughout the 

western extent of its breeding range, although it now occupies less than 1% of this original area (Robbins 

et al. 2002). Its need for regular, though infrequent, habitat disturbance to maintain a particular seral stage 

may facilitate this decline in present human-dominated landscapes (Pruitt 1996). This habitat in the pre-

European landscape was maintained by fire (natural and artificial), and grazing by large herbivores, 

creating a mosaic of habitats on the landscape (Knopf 1994, Umbanhowar 1996). Burning, grazing, and 

mowing have all been recommended as suitable management practices (Pruitt 1996), but the timing, 

extent, and frequency of these disturbances are critical factors that affect suitability of the habitat for 

breeding Henslowôs Sparrows (Herkert 1994a, Powell 2006). The patterns documented in this study are 

strongly suggestive of a species that has adapted to be able to track optimal sites in a shifting habitat 

mosaic.  

Henslowôs Sparrows are also considered area-sensitive, and are affected by patch size of breeding 

habitat (Herkert 1994b, Walk and Warner 1999, Oleary and Nyberg 2000, Thogmartin et al. 2006). The 

current approach of conserving large isolated patches of high-quality habitat may be too narrowly focused 

on this concept. Renfrew and Ribic (2008), in a study of Bobolinks (Dolichonyx oryzivorus), 

Grasshopper, and Savannah sparrows, concluded that patch-size might only be particularly restrictive 

when the entire landscape is heavily fragmented. Thus, conserving smaller areas in addition to large, 

contiguous habitat patches within the landscape matrix would create more total grassland habitat and 

better suit Henslowôs Sparrows, as it enhances the overall quality of the landscape and fosters its nomadic 

movements and colonial behavior (Horn and Koford 2006, Ribic et al. 2009). Acquiring smaller, but 

functioning, plots may be easier and more economical, thus producing more immediate conservation 

impacts.  Ultimately, losses of suitable grassland nesting habitat on regional scales may result in 
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extinction of obligate grassland species (Vickery et al. 1994), and particularly Henslowôs Sparrows, 

which appear to move much more broadly across regional landscapes than the other two species analyzed.
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Figure 1. Henslowôs (A), Grasshopper (B), and Savannah (C) sparrow distributions from Breeding Bird 

Survey route data collected during 2000ï2007. Henslowôs, Grasshopper, and Savannah sparrows were 

observed on 132; 1387; and 1765 routes, respectively. 
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Figure 2. Henslowôs (A), Grasshopper (B), and Savannah (C) sparrow distributions, showing prevalence 

(circle size) and abundance (shading of circles). Data are restricted to within the Henslowôs Sparrowôs 

breeding distribution and were collected by multiple observers from 2000ï2007 on 50 randomly selected 

Breeding Bird Survey routes. 
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Figure 3. Henslowôs (A), Grasshopper (B), and Savannah (C) sparrow distributions, showing prevalence 

(circle size) and abundance (shading of circles). Data are restricted to within the Henslowôs Sparrowôs 

breeding distribution but were collected by single observers only for given routes, from 2000ï2007 on 50 

randomly selected Breeding Bird Survey routes. 
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CHAPTER 3 

Spatial scaling of prevalence and population variation in three grassland sparrows 

 

ABSTRACT.ðHenslowôs Sparrows (Ammodramus henslowii) are distributed in tallgrass prairies in 

central North America; however, this species is restricted further to specific habitats within these 

prairiesðlarge extents with relatively little woody vegetation, but accumulation of standing grasses and 

forbs, conditions that result from infrequent disturbances by fire, mowing, or grazing. Henslowôs 

Sparrows have been documented to be unpredictable at breeding sites from year to year, but studies to 

date have considered only local spatial scales. Here, we compared resettlement behavior (prevalence of 

occurrence and variation in abundance) of Henslowôs Sparrows to that of two other grassland sparrow 

species, Grasshopper Sparrows (A. savannarum) and Savannah Sparrows (Passerculus sandwichensis), 

across multiple spatial resolutions. Henslowôs Sparrows showed lower prevalence and higher variation in 

abundance than the other two species. Indeed, Henslowôs Sparrows do not occur consistently at extents of 

less than 120 000 km2, suggesting nomadic characteristics of where they breed from year to year. We 

suggest that these patterns reflect Henslowôs Sparrowsô responses to frequently changing habitat, such 

that this species is tracking spatiotemporal changes in optimal habitat that result from disturbances 

broadly across regional landscapes. 

INTRODUCTION  

Henslowôs Sparrows (Ammodramus henslowii) breed on remnants of tallgrass prairie and similar 

grassland habitats scattered across the Midwest and portions of northeastern North America (Pruitt 1996, 

Herkert et al. 2002). This species, once common (Robbins et al. 2002), is now recorded only infrequently 

on North American Breeding Bird Survey (BBS) routes across much of its original breeding range (Sauer 

et al. 2011). Its breeding habitat, formerly relatively contiguous in prairies and coastal marshes from the 

northeastern seaboard to the western limit of tallgrass prairie (Hyde 1939, Pruitt 1996), is now patchy, 

with few documented core areas. Henslowôs Sparrows are not only uncommon, but they are also 
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unpredictable in grasslands that appear suitable (Hyde 1939, Wiens 1969, Skipper 1998). For example, 

this species may be present one year, but not return to the area in subsequent years, even though the 

vegetation appears unchanged, for reasons that are unclear. An earlier analysis (Dornak 2010) found that 

Henslowôs Sparrow breeding sites were less predictable from year to year, compared to Grasshopper (A. 

savannarum) and Savannah (Passerculus sandwichensis) sparrows, on BBS routes. That study concluded 

that Henslowôs Sparrows were possibly nomadic because birds were not consistently resettling at the 

same sites for breeding.  

Nomadism is the irregular or undirected dispersal of individuals following patchy and 

unpredictably available resources across a landscape (Sinclair 1984, Dean 1997), and is in effect temporal 

turnover of populations (Allen and Saunders 2002). Nomadism can occur among individuals, groups of 

individuals, or entire populations (Andersson 1980), and across multiple spatial scales (Dean 1997). It is 

most commonly observed in species that live in highly variable environments, such as the North 

American grasslands (Bragg 1995), where the ability to track resources (e.g., food or suitable nesting 

sites) and colonize new breeding areas quickly in response to changing environmental conditions is 

advantageous (Cody 1985, Igl and Johnson 1999)  

The Dornak (2010) analyses examined nomadism only at one spatial scale; however, it remains 

unclear if this trend can be observed over multiple scales, and (most importantly) at what scales the 

differences in prevalence between these grassland species are manifested. The present study investigates 

these questions using comparisons of occurrence and variation in abundance patterns among Henslowôs, 

Grasshopper, and Savannah sparrows at spatial resolutions spanning six orders of magnitude (0.5ï511 

360 km
2
). These three species were chosen for comparison because they are all obligate grassland nesters 

(Vickery et al. 1999), they have variable tolerances to grassland succession (Wheelwright and Rising 

1993, Vickery 1996, Powell 2006), and they have been observed to exhibit different levels of fidelity to 

nest sites (Bédard and LaPoint 1984, Skipper 1998, Jones et al. 2007). Although we note that these 
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species differ with respect to microhabitat preferences, our focus is on predictability of occurrence of each 

species within their respective microhabitats. 

METHODS 

Study area. ðOur analysis was restricted to the overall known extent of Henslowôs Sparrowsô breeding 

occurrence (Figure 1), which subsumes the site-to-site variation that is the subject of this paper. Although 

Grasshopper and Savannah sparrow breeding distributions extend more broadly, restricting the area 

analyzed to the distribution of Henslowôs Sparrows reduces variation resulting from irrelevant processes 

manifested beyond the range of the focal species (Dornak 2010). The reduced area covers 2.1 x 10
6
 km

2
, 

and is dominated by agriculture, pasture, and croplands, interspersed with patches of woodlands, shrub, 

wetlands, urban and developed areas, fallow pastures, and native prairie. 

Occurrence data. ðOccurrence data were extracted from the BBS database (Sauer et al. 2011). 

The BBS is conducted annually on >4000 roadside census routes across the US, southern Canada, and 

northern Mexico, and is the only broad-scale, standardized, long-term system that monitors breeding bird 

trends in North America (Sauer et al. 2011). Each 39.5 km route has 50 stops (observation points) 

distributed every 0.8 km. Each year in June, observers record all birds seen or heard at each stop for 3 

minutes (Sauer et al. 2011). Fifty BBS routes per species were used, representing almost all routes (see 

below) on which Henslowôs Sparrows have been detected, and paralleling past analyses (Dornak 2010). 

Although the system is not without inherent bias (T. R. Cooper, pers. comm.), for studies extending 

across entire breeding distributions, the BBS is the only distribution-wide, standardized database for 

North America; as such, BBS data are most appropriate as the basis for the analyses of this study. To 

control for biases in observer consistency (Dornak 2010), only data from BBS routes conducted by single 

observers across the study period were used, which reduced the sample size of routes on which this 

species has been detected to 50. Two metrics were used to describe yearly resettlement patterns of the 

species: prevalence of occurrence and coefficient of variation in abundance (Dornak 2010). Prevalence of 

occurrence describes the consistency of resettlement of an area by the species across years. It was derived 
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by dividing the total number of years that a species was observed on a route by the total years that the 

route was surveyed. The coefficient of variation of numbers of individuals of the species detected is a 

standardized metric of variation, calculated as standard deviation divided by the mean abundance.  

Spatial scale gradient. ðAll analyses are based on regroupings of records of sparrow species 

within and among stops on BBS routes to develop a multiple-scale approach crossing orders of 

magnitude. We analyzed data (1) below the spatial scale of individual BBS routes by creating subgroups 

of BBS stops, (2) at the route level, and (3) above the route level by combining routes within regions 

(Figure 2). That is, within each BBS route in the sample, the finest resolution was offered by the 50 stops 

individually (each representing sampling of ~0.5 km
2
), which were then grouped into 25 pairs of 

consecutive stops (~1.14 km
2
 per pair). To construct increasingly broader spatial scales, stops were 

aggregated into 10 groups of 5 stops (~3.06 km
2
 per group), 5 groups of 10 stops (~6.26 km

2
 per group), 2 

groups of 25 stops (~15.86 km
2
 per group), and finally the full BBS route (~32.02 km

2
; Figure 2). 

 Coarser resolutions were developed by dividing the speciesô range into quadrants of equal areas. 

The Henslowôs Sparrow breeding distribution (2 109 744 km
2
) was divided into 64 (30 780 km

2 
per 

region), 16 (126 126 km
2 
per region), and 4 equal regions (511 360 km

2 
per region; Figure 2). All three 

speciesô occurrences were analyzed across this same suite of areas. Hence, prevalence and variability 

could be visualized across a spectrum of spatial resolutions and extents ranging from 0.5 km
2 
to 0.5 x 10

6
 

km
2
, or 6 orders of magnitude of area. We note that the route-based areas and the quadrant-based areas 

are not completely compatible and consistent with one another as the smaller above-route quadrants 

varied in sample size of routes and thoroughness of sampling, for this reason, one confirmatory 

rarefaction test was based only on extents at and below that of entire routes (see below).  

Statistical analysis. ðTests for normality and homogeneity of variances were conducted initially 

for all levels of analysis. Because most samples were either non-normally distributed or had non-

homogenous variances, non-parametric analyses were used throughout. Kruskal-Wallis rank sums tests 

were used to assess differences between species at particular resolutions within the original data sets (i.e., 
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not the rarefied data sets, see below); when significant differences resulted, post hoc Mann-Whitney U-

tests were used to differentiate between groups of species. Kruskal-Wallis results were evaluated using Ŭ 

= 0.05. To control for Type-I errors when multiple significance tests are performed, Bonferroni 

corrections were applied to all Mann-Whitney U-tests, so results are reported at Ŭ = 0.0167. Statistical 

analyses were performed using SPSS, version 17.0 (SPSS 2008) and with R (R Development Core Team 

2011). However, because successive resolutions are not independent of one another, creating potential for 

bias, testing was explored in further depth, as follows. 

Prevalence values were plotted across the spectrum of spatial resolutions as curves connecting (0, 

0) (no area, no presence) and (511 360 km
2
, 1) (full range, constant presence). As a hypothetical example, 

these curves would be highly convex in a species with very consistent local occurrence patterns, for 

example Turdus migratorius, but concave in highly nomadic species with consistent occurrence only at 

broad extents (Figure 3). To compare these curves in terms of their concave versus convex nature, and 

bearing in mind that the same data that make up the data for one spatial resolution participate in making 

up the data at the next-coarser resolution, making different resolutions non-independent, we calculated the 

area under each speciesô curve as a means of building comparisons across spatial scales. To permit 

statistical comparisons of these areas, we used a 50% bootstrap subsampling of the data that are used to 

estimate the curves (i.e., the stop-level BBS detection data) to generate 1000 replicates from which to 

generate distributions of areas reflecting the intrinsic variability in the data. To avoid violating 

assumptions of independence, we used area-under-the-curve analysis to consider all resolutions 

concurrently. We also applied this method to coefficients of variation of abundance values to compare 

differences among the species. These calculations were generated using programs developed by N. Barve 

that are available upon request from the authors. 

Tests for biases. ðHenslowôs Sparrows are observed less often per BBS stop and are more 

difficult to detect than either Grasshopper or Savannah sparrows (Dornak 2010). Henslowôs Sparrows 

also appear to be less abundant than the other two species analyzed herein. We argue that the effect of the 
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differences in detection and abundance are similar, such that, within our analyses, a species with low 

detectability will present a pattern of occurrence similar to that of one with low abundance. We conducted 

tests to verify that the low prevalence of Henslowôs Sparrows is not simply a consequence of lower 

numbers of individuals or lower detectability of similar numbers of individuals. To this end, we treated 

detection and abundance as a single phenomenon and subsampled Grasshopper and Savannah sparrow 

individual occurrences at the stop level across the study period to produce a data set that matched 

abundances overall to the Henslowôs Sparrow BBS data. Because we resampled randomly from 

Grasshopper and Savannah sparrow occurrence data to equal Henslowôs Sparrow abundances, we 

effectively manipulated overall numbers without changing the spatial structure; then, we tested whether 

that spatial structure differed among species. We reassembled rarefied data sets into presence-absence 

data sets, and analyzed as described above. Because of the random nature of the resampling method, 

abundances at some stops were reduced, but abundances were eliminated entirely on other stops. The 

resampling was randomized and repeated to generate 200 rarefied data sets for each of Grasshopper and 

Savannah sparrows. We feel that our methods of reducing the abundances of Grasshopper and Savannah 

sparrows also reduced the effects of detection differences among the species, such that prevalence 

patterns presented in our results reflected natural phenomena and not density biases. We restricted these 

analyses to AUC, and did not repeat the Kruskal-Wallis and Mann-Whitney U-test comparisons. 

Spatial resolutions and associated prevalence values were constructed from the rarefied data as 

described above, and median prevalence was calculated for each resolution; however, owing to 

inconsistencies between the route-based and quadrant-based data, we conducted these analyses for 

resolutions only at and below the route level. Areas under the curve were generated for each rarified 

subset, applying the same parameters used with the original data sets. To consider intrinsic variability in 

the data underlying each curve for each of these 200 rarified data sets per species, we again used 50% 

bootstrap subsampling to generate 1000 randomized values. These 1000 bootstrap values were averaged 

and used to create a histogram of the distribution of each of the 200 rarefied data sets. We compared the 
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observed area for Henslowôs Sparrows to those of the bootstrapped distributions. Because the data in the 

coarser (regional) resolutions mask patterns that emerge at finer resolutions, and in light of the 

inconsistencies of above-route resolutions noted above, this analysis was limited to resolutions of 0.5 km
2
 

(stop) through 32.02 km
2
 (route). 

RESULTS 

Prevalence of occurrence. ðAt most spatial resolutions, prevalence was lowest in Henslowôs Sparrows 

and higher in the other two species. Significant differences between species were found at all spatial 

resolutions (P < 0.001) except 125 126 km
2
 (P = 0.185) and 511 360 km

2
 (Table 1). Analysis for the latter 

resolution did not merit further consideration because all species had a median prevalence of 1.0, so no 

differences could be detected. However, for all resolutions at or below 30 780 km
2
, Henslowôs Sparrows 

had significantly lower prevalence of occurrence compared to both Savannah and Grasshopper sparrows 

(P < 0.01, Table 1). The consistency with which Henslowôs Sparrows returned to sites at these extents 

varied: 22% (0.5 km
2
), 50% (32.02 km

2
), and 63% (30 780 km

2
); the species was not consistently present 

(i.e., prevalence >75%) at sites until the resolution was broadened to cover 126 126 km
2
. Comparatively, 

Grasshopper and Savannah sparrows were consistently prevalent at much finer resolutions the 32.02 km
2
 

(87%) and 3.06 km
2
 (77%) resolutions, respectively (Figure 3). Grasshopper Sparrows had significantly 

lower prevalences compared to Savannah Sparrows at all resolutions through 32.02 km
2
 (Table 1, Figure 

3). However, as mentioned above, these comparisons are complicated because prevalences at different 

spatial resolutions are not independent of one another. 

The prevalence curve comparisons offer a means of comparing the species without the 

complication of non-independence of successive spatial resolutions. The curves were significantly 

different among all comparisons of species (P < 0.001). The Henslowôs Sparrow curve was significantly 

lower than those curves of Grasshopper (z = -38.72; P < 0.001) and Savannah (z = -38.72; P < 0.001) 

sparrows; similarly, the Grasshopper Sparrow curve was lower than that of Savannah Sparrows (z = -

21.95; P < 0.001).  
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Finally, we used rarefaction analyses to check that the prevalence differences described above 

were not an artifactual consequence of overall lower abundance and/or detectability. We found that, at 

least at finer spatial resolutions, Henslowôs Sparrow prevalences were still significantly (P < 0.005) less 

consistently present at sites than either of the other two species, even when the abundances of the other 

two species were rarefied (Figure 4). As a result, we conclude that the result of less consistent occurrence 

of Henslowôs Sparrows is indeed a reality, and not an artifact. 

Variation in abundance.ðSignificant differences among species in tests for variation in 

abundance were found only at two resolutions, 32.02 km
2
 (P = 0.049) and 126 126 km

2
 (P = 0.005; Table 

1). At 32.02 km
2
, Grasshopper Sparrows (median = 0.43) had higher ranked variability in abundance than 

Savannah Sparrows (0.32, P = 0.010). At 126 126 km
2
, Henslowôs Sparrows (0.53) had higher ranked 

variability than Savannah Sparrows (0.23, P = 0.002; Table 1). Variation in Grasshopper Sparrows (0.41) 

was almost significantly larger than Savannah Sparrows at 126 126 km
2
 extent (P = 0.017; Table 1).  

Comparisons of areas under curves revealed significant differences between species (P < 0.001). 

The Henslowôs Sparrow curve was significantly higher than those for both Grasshopper (z = -25.79; P < 

0.001) and Savannah (z = -38.72; P < 0.001) sparrows; hence, Henslowôs Sparrow abundance was more 

variable than the other grassland sparrows. The curve for Grasshopper Sparrows was significantly higher 

than that for Savannah Sparrows (z = -38.72; P < 0.001; Figure 5). We did not conduct rarefaction 

manipulations for population variation owning to confusion as to how best to manipulate individual 

occurrences in this case. 

DISCUSSION 

Comparisons of species.ðHenslowôs Sparrows do not use breeding areas consistently from year to year 

across their geographic distribution; as a consequence, they showed significantly lower prevalence of 

occurrence compared to Grasshopper and Savannah sparrows at most spatial resolutions analyzed. At 

local scales (0.5 km
2
), prevalences were low for all three species; however, as spatial resolution 

coarsened, Grasshopper and Savannah sparrow prevalences increased, but Henslowôs Sparrow 
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prevalences remained low. Indeed, Henslowôs Sparrows returned to entire BBS routes (30.02 km
2
) only in 

50% of years sampled, and were at times conspicuously absent even from broader regions (30 780 km
2
 at 

63% prevalence). Statistical comparisons at individual resolutions, though informative, violate 

assumptions of independence between tests; therefore, the area-under-the-curve may characterize better 

prevalence of occurrence for the three species across multiple spatial resolutions. The prevalence curve of 

Henslowôs Sparrows was more concaveðhaving less area beneath the curveðthan the curves of 

Savannah and Grasshopper sparrows, thus supporting the idea that Henslowôs Sparrows are indeed less 

prevalent than the other two obligate grassland-nesting sparrows. These results were confirmed even after 

adjusting for differences in detectability or abundance among the three species. 

No clear pattern emerged from tests of differences in variation between species at individual 

spatial resolutions; only at two spatial resolutions were differences significant between species. The area-

under-the-curve proved to be more useful, showing that Henslowôs Sparrows were more variable overall 

(highest curve) than both Grasshopper and Savannah sparrows, the latter species having the lowest 

variation (lowest curve). Henslowôs Sparrows thus showed the most variation in year-to-year abundance, 

and exhibited the lowest prevalence of the three species. Savannah Sparrows, conversely, showed the 

smallest variation in abundance, and the highest prevalence of occurrence. 

Results from this study corroborate patterns of occurrence suspected by previous researchers 

(Hyde 1939, Wiens 1969, Skipper 1998) and documented in a preliminary manner by Dornak (2010). Not 

only are Henslowôs Sparrows less prevalent and more variable than the other two sparrow species, but 

they are not predictably present until extents of 120 000 km
2
 are considered; these contrasts among 

species are not simple consequences of lower abundance or detectability. So then, why is Henslowôs 

Sparrowôs prevalence lower than that of Grasshopper and Savannah sparrows across multiple spatial 

resolutions, when all three species are obligate grassland nesters? These observations might indicate that 

too much habitat exists for too few individuals to fill (Cody 1985), or some unusual life-history strategy 

adapted to life in a spatially and temporally dynamic landscape. 



41 

Our results support strongly the hypothesis that Henslowôs Sparrows exhibit nomadic behavior 

among breeding seasons across multiple spatial resolutions. Nomadism is a special form of dispersal that 

is characterized by irregular movements of individuals, groups of individuals, or whole populations to 

different areas from year to year or within seasons (Sinclair 1984, Dean 1997). Nomadism develops most 

commonly in species when limiting resources fluctuate spatiotemporally and become patchy and 

unpredictably available across a region (Sinclair 1984, Dean 1997).  

Nomadism has a variety of predictors that appear to be linked to spatial scales. At fine scales, 

factors such as age, mate loss (Newton and Marquis 1982), unsuccessful breeding attempts in a previous 

year (Harvey et al. 1979, Greenwood and Harvey 1982, Newton and Marquis 1982), and conspecific 

attraction (Stamps 1987, 1988, Ahlering et al. 2006) can influence whether individuals or groups of 

individuals return to previously-used breeding areas. At broader scales, factors such as regional weather 

patterns (Wiens 1986, Johnson and Grier 1988, Kantrud and Faanes 1979), precipitation in arid 

landscapes (Davies 1984, Dorfman and Kingsford 2001), and land use (Milton 1994) affect resource 

distributions and may impact population variation and regional distributions of species. Some factors 

have cross-scale influences; food resources, for example, can cause fine-scale movements in birds 

tracking insect emergence (Dean 1997), or broad-scale variability in species following high seed masts 

(Andersson 1980, Sinclair 1984, Dean 1997) or microtine densities (Martin 1989, Korpimaki and 

Norrdahl 1991).  

We suspect that Henslowôs Sparrows may be responding to multiple factors causing nomadic 

movements across spatial scales (Allen and Saunders 2006). At finer resolutions, patch-to-patch 

movements may be the result of conspecific attraction and patch-level land uses. Henslowôs Sparrows are 

loosely colonial (Hyde 1939, Wiens 1969) and may require an aggregation of conspecifics to settle an 

area, or use presence of conspecifics to make decisions about the suitability of a patch (Stamps 1987, 

1988, Ahlering et al. 2006). Patch-level disturbance may also result in year-to-year settlement variation: 

Henslowôs Sparrow habitat occurs primarily on managed lands (Herkert et al. 1996) where burning, 
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grazing, and haying are common disturbances and may alter the suitability between management units. 

Recently (i.e., around 1 yr) disturbed areas are not optimal for Henslowôs Sparrows (Powell 2008), 

although some males may use such areas (Swengel 1996, Herkert and Glass 1999). As time since 

disturbance accumulates, plant biomass (standing live, dead, and thatch) increases, and the habitat 

becomes more attractive. Over succeeding years, more males establish territories, thus increasing 

abundance on the patch and conspecific attraction. When the habitat is disturbed once again, however, 

habitat suitability is reduced and the cycle is repeated. Therefore, species that select habitats regulated by 

short disturbance cycles should be expected to have lower prevalence of occurrence and high variation in 

abundance across years, particularly when the spatial grain of the disturbance regime is large (Robbins et 

al. 2002). Henslowôs Sparrows are known not to return to previously-used nest areas, although the sites 

appear unchanged. We propose that conspecific attraction may influence nest area settlement before 

individuals return sites used the previous year (i.e., opportunistic settling, Johnson and Grier 1988). 

At broader spatial scales, weather patterns and regional land use variation may also contribute to 

the prevalence patterns we identified across spatial resolutions. The interior of the US experiences high 

year-to-year variation in precipitation and temperature (Bragg 1995). Grasslands respond to extreme or 

unseasonable weather conditions (e.g., periods of drought or late-onset springs) rather quickly (Wiens 

1986), and can influence the distributions of opportunist species across broad areas (Igl and Johnson 

1999). Land use change (i.e., conversion of native grasslands to rangeland or hayfields) has altered the 

structure, species diversity, density, and biomass of these grasslands and created patch-level homogeneity 

within management units (Fuhlendorf and Engle 2001). The result may be all-or-nothing suitability when 

extreme weather patterns determine growth and structure of the vegetation, and consequently the region-

wide timing of haying or burning of these lands. Although we did not analyze annual weather patterns or 

the spatiotemporal variability of managed grasslands, we suspect that interactions of these factors 

contribute to the broad-scale, inter-annual movements of Henslowôs Sparrows across their breeding 

distribution. 
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Nomadism occurs most commonly in species that specialize on a particular food resource or 

whose food occurs ephemerally (Andersson 1980, Sinclair 1984, Dean 1997), a frequent occurrence in 

arid/semi-arid environments (Davies 1984). Northern Harriers (Circus cyaneus, Martin 1989), 

Tengmalmôs Owls (Aegolius funereus, Korpimaki et al. 1989), and Short-eared Owls (Asio flammeus, 

Korpimaki and Norrdahl 1991) feed on microtines that have cyclic or randomly fluctuating populations; 

White ibises (Eudocimus albus) track emergence of shallow and ephemeral wetlands to forage on 

invertebrate prey (Frederick and Ogden 1997). We believe that Henslowôs Sparrows are unusual in that 

their nomadic behavior may be associated solely with the spatial and temporal patchiness of suitable 

breeding area related directly to structural characteristics of the vegetation, and not to distribution of food 

resources. Grassland sparrows, including the species analyzed here, feed primarily on insects during the 

breeding season (Wheelwright and Rising 1993, Vickery 1996, Herkert et al. 2002). Because this resource 

is typically superabundant (Wiens 1974, Rotenberry and Wiens 1979) and shared among the species, it is 

not likely a cause of nomadism for Henslowôs Sparrows. Instead, Henslowôs Sparrows appear to be 

tracking disturbance cycling across the landscape (Dornak 2010), essentially moving among resource óhot 

spotsô (Cody 1985), characterized by patches that have been idle or only lightly disturbed in 2+ years 

(Powell 2006). We are unaware of other species known to exhibit nomadism for reasons not related 

directly or indirectly to food resource distribution and availability. 

Why then do Henslowôs Sparrows exhibit nomadic behavior, but Grasshopper and Savannah 

sparrows do not? We attribute this contrast to differences in breadth of preferred habitat among these 

species. Grasshopper and Savannah sparrows, which do use native prairies, also exploit grazed, 

cultivated, or hayed fields, even occupying shrubby areas and marshes in portions of their ranges (Graber 

1968, Owens and Myers 1973, Vickery 1996, Dale et al. 1997). These species show greater tolerance of 

divergence from pristine grassland, as well as of different (and particularly earlier) stages of grassland 

succession, such that they can take advantage of more recently disturbed areas. Nomadism may be 

energetically expensive and result in delayed nesting, and even nest failure, should individuals not find 



44 

suitable sites. For species with broader habitat preferences like those of Grasshopper and Savannah 

sparrows, philopatry is advantageous, as familiarity with an area increases the probability of finding food, 

defending a territory from conspecifics, and avoiding predators (Hinde 1956). It should not be surprising 

then, that these species would have higher prevalences than Henslowôs Sparrows. 

The support for nomadism in Henslowôs Sparrows that has been assembled is strong. We believe 

it unlikely that the patterns presented here reflect other phenomena, such as population cycling, rather 

than low permanence and mobile populations. Population cycling is the regular fluctuation of populations 

on multi-year cycles, best documented in microtine rodents with synchrony that develops in predators that 

specialize on them (Lack 1954, Ims and Steen 1990). These cycles are regulated by food and nutrient 

variability (Lack 1954, Batzili and Pitelka 1971) and predator-prey interactions (Lack 1954). Although 

population cycling could present as low prevalence, it is not an adequate explanation for the patterns we 

observed. First, as noted above, food resources are not highly variable, but rather are considered 

superabundant (Wiens 1974, Rotenberry and Wiens 1979). Second, for predation to regulate Henslowôs 

Sparrow populations, (1) we would expect this species to have specialized predators, which it does not 

and instead is preyed upon by generalist, opportunist species (Wray et al. 1982, Pietz and Granfors 2000); 

or (2) its populations should reach peak densities (Lack 1954), which they have not in recent times (Sauer 

et al. 2011). What is more, those predators that do commonly parasitize or depredate grassland ground 

breeding birds are more common and have a greater impact on species that nest nearer to edges. 

Henslowôs Sparrows select for sites away from edges, and thus are less affected by predation and nest 

parasitism (Herkert 1994a, Pruitt 1996, Winter et al. 2000). Third, other factors shown to regulate 

populations in cycling species, such as disease outbreaks or density-dependent crashes, have never been 

recorded in Henslowôs Sparrows. Fourth, if Henslowôs Sparrow populations did exhibit any cycling, BBS 

trend analysis would show both positive and negative trends across years; instead, they report small, 

declines to somewhat stable populations from year to year of this species (Sauer et al. 2011). 
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Caveats.ðOur results may have been influenced by several factors. First, the broadest resolution 

(511 360 km
2
) had a very small sample size (n = 4), which likely influenced both determination of true 

variation in abundance and strength of hypothesis testing at that extent. Moreover, both Grasshopper and 

Henslowôs sparrow variation in abundance peaked at 126 126 km
2
. These values surely contributed to 

differences found in both between-resolution and scale-independent analyses; it is unknown whether these 

values are random artifacts of smaller samples sizes or imperfect detection (Royle et al. 2005), or whether 

they truly represent patterns at these resolutions, since no such spike was found in Savannah Sparrows. 

 Some biases inherent in the BBS methodology (change of observer, geographic influences, and 

non-consecutive years) were addressed within the methodology of this study, based on results of previous 

analyses (Dornak 2010). However, it has been suggested that certain factors can affect population 

comparisons based on observational data, such as detectability, differences in abundance, and observer 

ability to sample grassland habitats. Henslowôs Sparrows are visually and behaviorally cryptic (Hyde 

1939), which may impair detection. When they are not singing, they are difficult or impossible to detect. 

When they do sing, however, they perch atop vegetation, and their songsðalthough short and insect-like 

(Hyde 1939)ðcarry across the grassland over distances of at least 150 m (pers. observ.); therefore, 

detections based on song alone may not be a limiting factor in detecting Henslowôs Sparrows. Still, 

Henslowôs Sparrows may not be recorded consistently because observation times (3 min) at each BBS 

stop may not be long enough to assure that males present at a location would indeed sing (Diefenbach et 

al. 2007). Coupling this factor with possible declines in singing frequency after mate pairing (Leftwich 

and Ritchison 2000), Henslowôs Sparrows may be difficult to detect, especially since BBS routes are 

surveyed in June, after pair-bonds have formed (Sauer et al. 2011). To assuage concerns of this nature 

within our study, we rarefied Grasshopper and Savannah sparrow occurrence data sets to mimic 

abundances and detectability of Henslowôs Sparrows, and then used these subsampled datasets to test for 

biases within our analyses. Differences in abundance and detection are similar population phenomena ð

even if low detectability implies more individuals present, we see no reason why those individuals would 
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be detected with a clumped spatial structure. Hence, our rarefication manipulation mimicked both lower 

numbers of individuals and lower detectability, and yet differences among species were still apparent. 

Reducing the data sets did lower the prevalence curves of Grasshopper and Savannah sparrows, but not 

sufficiently to change the results of the cross-scale analysis. We thus conclude that differences of 

detectability and abundance between these species did not bias the qualitative results of our analyses.  

A final consideration is that all BBS routes are located along roads. Forman et al. (2002) found 

that grassland birds avoid habitat adjacent to high-traffic roadways. However, these findings were specific 

to roads with >15 000 vehicles per day. BBS routes, on the other hand, are generally located along rural, 

low-traffic roads (Sauer et al. 2011), which are less likely to inhibit either the observersô ability to hear 

singing males or the sparrowsô use of habitat near the fence line (pers. observ.). Henslowôs Sparrows, 

however, may avoid roadsides if fence lines are heavy with woody vegetation, since it decreases habitat 

attractiveness, exacerbating any detection problems (Patten et al. 2006).  

Conservation implications.ðHenslowôs Sparrow populations have declined over much of their 

distribution (Sauer et al. 2011), apparently in response to habitat loss and fragmentation (Pruitt 1996). 

Some surveys have shown a recent trend reversal, with stable or increasing populations reported for 

specific states (e.g., Illinois; Herkert 2007b), in wintering populations (National Audubon Society 2002), 

and even distribution-wide (T. R. Cooper, pers. comm., Sauer and Link 2011). Although these reports are 

promising, they do not consider substantial losses in coming years in Conservation Reserve Program 

(CRP) grasslands that currently function to augment Henslowôs Sparrow breeding habitat and that may be 

responsible for recent population recovery (Cooper 2007, Herkert 2007, Herkert 2007b).  

A central goal of Henslowôs Sparrow conservation planning for the breeding range is to manage 

grassland habitat so as to allow for sustained or growing populations (T.R. Cooper, pers. comm.). An 

assumption underlying this goal, however, is that Henslowôs Sparrows exhibit typical breeding behavior: 

migration to breeding range, territory selection and establishment, pair formation and nesting, and 

migration to wintering range. If territory selection and establishment cannot be predicted consistently 
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because of multi-scale nomadism, as in the case of Henslowôs Sparrows, however, special efforts must be 

made to design a configuration of patches of suitable habitat that accounts for this behavior.  

At finer scales, techniques such as patch rotation should be encouraged to increase patch-level 

heterogeneity, which may be more compatible with the speciesô nomadic movement. Patch rotation on 

three-year cycles limits cattle stocking to a subset of the pasture, allows for structural development of 

herbaceous vegetation, and restricts woody growth, all of which promote suitable breeding habitat for 

Henslowôs Sparrows (Wiens 1969, Herkert 1994b, Powell 2006). This management regime considers the 

spatial and temporal disturbance pattern that creates the shifting mosaic and ñout-of-phaseò succession 

across patches, and would support locally nomadic populations of Henslowôs Sparrows (Fuhlendorf and 

Engle 2001, Fuhlendorf and Engle 2004). Traditionally, core areas (>800 ha) fall under ñlarge-scaleò 

management (Sample et al. 2003); however, we suggest that these areas need to be managed to promote 

patch-level heterogeneity.  

At regional scales in light of the speciesô nomadism, focus should be on configuration of locally 

managed areas integrated across broader regions. Ideally, these efforts would create a landscape-level 

mosaic of moderately-sized and well-dispersed habitat patches, and potentially buffer the effects of 

extreme weather conditions. This configuration should help to support regionally nomadic populations 

that do not nest consistently within core breeding areas. What is more, broad-scale management for 

Henslowôs Sparrows that incorporates this shifting-patch mosaic will benefit species that use other phases 

of grassland succession. Fuhlendorf and Engle (2001) suggested that species that use remarkably different 

habitat co-occur across the grasslands thanks to the temporal and spatial heterogeneity. We suspect that 

this management regime would have far-reaching, positive impacts on avian diversity on North American 

grasslands. For management at this scale to be implemented efficiently and with limited financial costs 

and wasted effort, detailed and dynamic maps of suitable breeding habitat across Henslowôs Sparrowôs 

full distribution will be necessary, which will have to take local landscape dynamics into account directly.  
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TABLE 1 Comparisons of Henslowôs, Grasshopper, and Savannah sparrows across multiple spatial resolutions (in km

2
). 

Breeding Bird Survey data were collected from 2000ï2007. 

À indicates significant differences among species (P = 0.05) with Kruskall-Wallis tests. 

* indicates significant differences (P = 0.0167) with Mann-Whitney U-tests. Note that comparisons are presented only at 

spatial resolution where tests showed significance in Kruskall-Wallis tests. 

  

Spatial resolution 

 
 

Kruskal-Wallis rank sums tests 

Prevalence 
 

0.5 1.14   3.06   6.26   15.86   32.02   30 780   126 126   511 360  

           

 H 32.97 39.73 87.95 44.50 45.72 53.23 19.76 3.37 - 

 df 2 2 2 2 2 2 2 2 - 

 P < 0.001À < 0.001À < 0.001À < 0.001À < 0.001À < 0.001À < 0.001À 0.185 - 

Coefficient of variation        

 H 5.37 3.82 2.43 3.99 3.55 6.03 5.31 10.56 5.05 

 df 2 2 2 2 2 2 2 2 2 

 
P 0.068 0.148 0.297 0.136 0.169 0.049À 0.07 0.005À 0.08 

  
Mann-Whitney U-tests 

Prevalence           

Henslowôs - U 783.0 858.5 713.0 762.0 726.0 648.5 220.5 -  

Grasshopper z -3.23 -2.71 -3.71 -3.37 -3.63 -4.19 -2.72 -  

 P 0.001* 0.007* <0.001* 0.001* <0.001* <0.001* 0.006* -  

           

Henslowôs - U 428.5 328.5 42.0 302.0 286.0 268.0 136.5 -  

Savannah z -5.67 -6.37 -8.34 -6.54 -6.71 -7.05 -4.22 -  

 P <0.001* <0.001* <0.001* <0.001* <0.001* <0.001* <0.001* -  

           

Savannah - U 872.5 755.5 222.0 739.0 800.0 771.0 253.0 -  

Grasshopper z -2.60 -3.41 -7.09 -3.53 -3.22 -3.68 -2.07 -  

 P 0.009* 0.001* <0.001* <0.001* 0.001* <0.001* 0.039 -  

Coefficient of variation        

Henslowôs - U - - - - - 1149.5 - 57.0 - 

Grasshopper z - - - - - -0.70 - -0.84 - 

 P - - - - - 0.487 - 0.401 - 

           

Henslowôs - U - - - - - 1049.0 - 15.5 - 

Savannah z - - - - - -1.39 - -3.07 - 

 P - - - - - 0.165 - 0.002* - 

           

Savannah - U - - - - - 875.0 - 21.0 - 

Grasshopper Z - - - - - -2.59 - -2.39 - 

 P - - - - - 0.01* - 0.017* - 
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Figure 1. Henslowôs (a), Grasshopper (b), and Savannah (c) sparrow breeding distributions (1) and 

Breeding Bird Survey routes used in our analyses (2) restricted to the Henslowôs Sparrowôs breeding 

distribution and single-observer routes. 

  
























































































