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ABSTRACT

He ns | o w0 s(An8dramusenglewi) arenot only uncommon, but they are also unpretitet in
grasslands that appear suitabferthermorethe extent, distribution, and yetryear variability of their
breeding habitat has ngetbeen characterized. In this dissertatimsettlement behaviavas analyzed
using two measures of populatigariability, prevalence of occuence and variation in abundance, first at
the Breeding Bird Survey (BBS) route level (Chapter 2), then across multiple spatial resolutions (Chapter
3). Variability of Henslowd s S p ar r o wvapconpparétathai obtwo ther grassland sparrow
species, Grasshopper Sparroisgavannarumand Savannah SparrowRasserculus sandwichengsii
both anal yses, shbweddoler prévalencd pna higher vasation in abundance than the
other two specieat the BES route level and across all but the broadest spatial resoldd@ns s | o wd s
Sparrows do not occur consistently at extents of less than 120 000 km2, suggesting hehzadtic To
relatepatterns ohabitatturnover to the nomadic behaviatsscribedn the first two research chapters,
ecological niche modelsere usedo identify the extent and distribution of suitable breeding area across
three years (2002010), and then to characterizenoverin suitability between 2 sets of years (2008
2009 and 20022010 Chapter 4 Turnovervaried 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 202809; however, in 20020 1 0 , Hensl|l owds Sparrov
much higher losses and lower gains, and more clustering of this turnover across broad regions compared
to the other two species. Overalbnversion(i.e., state chang®f grasslands was relatively low,
accounted for a great proportion of losses than gains of suitable area for all species, and varied within
losses among speciegn. vari able years when turnover is high,
nomadic compared to mild years, when turnover and movements arfidsuls presented here provide
a more complete understanding of thebreacla | e dynami cs of Hensl owds Spa
habitd, information that may be key to successful conservation of this and ecologically similar grassland

species.
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CHAPTER 1

Introduction

This researchdcuses on improving the understanding of the response of a rare habitat specialist

( He ns | o wo6AmmSBdramusrhensioyiio broadscale habitat changes, and of the extent to which

natural and anthropogenic influences affect the amount and distrilefitsrbreeding habitat. This

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

grassland sparrows (Grasshopgersavannarumand Savannalfasserculus sandwichensgparrows).

More generally, thisstudyil ustrates nomadic speci ensdéscalg, st ri buti
providing a novel example of whetange methodology that can be extended to any other taxa.

General habitat requiremensHe ns | owés Sparrows -restiegsgece obl i gat
that has a sparse and patchy breeding distribution across Midwest and portions of the nartfeaster
(Pruitt 1996, Her ker t et al . 200 2, Sauer et al . 2
namedo habitats ( eheg(Hyde 1®39), syvangps (SuttgnrleP8, Stone £984), meedy
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, Thogfraarf006)
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 arstemoody
density are sparse or entirely lackinggdatanding 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 disturb@haeges
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 preferredjediowt vegetation, whereas

decreases encourage woody encroachif@@mber 1968, Bollinger 1995, Cully and Michaels 2000).
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Furthermore, the years immediately following disturbance generally present unsuitable habitat for this
species; B3 years of no disturbance are required before habitat is suitable once moretdieding
pairs (Powell 2006)Across thdandscape, disturbances are temporally and spatially discontinuous,
producing a | andscape across which suitable habit
Sparrows are aresensitive (i.e., requiring 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 maresdxe breeding ranges and wider breadths of
preferred habitat compared to Hensl owds Sparrows,
earlier stages of succession (Wiens 1973). In summer months, Grasshopper Sparrows are observed across
most of tle US, east of the Rocky Mountains, with some extension of their range into western states (e.g.,
| daho, Washington, Nevada, California) and sout he
completely (Sauer et al. 2011). Grasshopper Sparreferrechabitat mayary with geography
however, the species typically prefers moderately open grassland, recently burned prairies, and restored
surface mindands (Herkert 1994b, Vickery 1996). This species selects habitat for its vertical structure,
choosing arger areas (>30ha) with more bare ground, less litter layer, and sparser vegetation than those
areas preferred by Hensl owds ( Whit Aeaswithiievg 1) or S
shrub covearegenerally avoided (Vickery 1996, Dieni and J®2603) 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 alstheseglest 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 preferdevedtiped litter layer with area$ o

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).

Conservationstatsd Popul ati on trend data suggest that He
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 tiygir(Ferkert 2007, Sauer et al.
2011) . Not withstanding current popul ation esti mat
Thr e at e n BidLlife Ifternatiorfal2012a) and are listemsendangered or threatened in 12 states
(Pruitt 1996, Burhas 2002), although they do not have federal listing (Herkert et al. 2002). Grasshopper
and Savannah sparrows show continual declines suvidey(Sauer et al. 2011); however, both are
classified as s peci Biglifoliternatiorak28lfb,cXba thebasiswfdande gizet h e
and extent.

Grassland bird population declines can be attribintdarge parto monumental (>99%) loss of
native tallgrass prairie, a result of 200 years of agriculture, development, and grazing (Knopf 1994,
Fuhlendorfand 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, managemerit@sdot 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-sadgession prairie that is soptimal
for many prairiebird species (Robbins et al. 2002). This broadversiorof prairie to largescale
agriculture and grazed pastures has altered natural disturbance regimesviggj@nd has rendered
most of the native habitat unymmdvideassksgmenteaittel o wd s
amount and distribution of habitat for this species have yet to be develtwpedghout this dissertation,
Aconversionod i s u shestatelthamga af frasslandbteardgonss land ceversypes.o

Breeding lehaviorc Hens |l owds Sparrows present a unique b

inconsistently from year to year, although vegetation at nest sites appears unchanged (Hyde 1939, Wiens



1969, Skipper 1998, Ingold et al. 2009). Site fidelity (used intexgdebly with philopatry and

resettlement throughout this dissertation) is the likelihood that individuals or populations return to nest
sitdes or areas used in previous years. In studies that focus on individual returns to prergedisigst

sites, Hengl w6 s  Sspexhibitlow (Bkipper 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), Bobolib&fichonyx oryworus, Gavin and Bollinger

1988), Dickdssels §piza americanaZimmerman 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 towronmental conditions do not render habitat unsuitable. Site fidelity has
particular advantagefamiliarity with an area increases the probability of finding food, defending a
territory form conspecifics, and avoiding predators (Hinde 1956); howevespdaies that use highly
variable habitats or have narrow habitat preferences, returning to previseslyareas may not be

possible if the suitability of these areas has been reduced to suboptimal conditions. For these species, it is
advantageous to $ket 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). Nomadiskelops 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 witfipredictablgrecipitation, and in intercontinental grasslands where
disturbances (fire and grazing; Jones et al. 2007) and dynanticewatterns 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 bendeed 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 spatidescaomadism 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 bglpeacs a
most commonly in granivorous birds (Andersson 1980, Dean 1997) and rodent specialists (Lack 1954)
where food abundance fluctuates cyclically (Andersson 1980).

Objectivesd Pr evi ous research has focused on under st ¢
Sparows at local and regional levels; however, there is currently a pressing need for lagidscape
rangewide)anal ysi s of Hensl|l owbs habitat. I't is not kno
transferred to broader regions, or if it occurs acrosstf ul | br eeding distribution
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 considieatyse of mukscale nomadism,
special efforts must be made to design digaration of patches of suitable habitat that accounts for this
behavior.

The objectives of this dissertation were threefold. In Ch&t@bundance data from the
Breeding Bird Survey (BBS)ereusedto create two variables (prevalence of occurrencevaridtion in
abundance) to characterize spatiotemporal popul at
Savannah sparrows within the Hensl|l owds Sparrowos
route level). Chapte3 is an expansion dheanalysis of Chapte? to include a spectrum of spatial
resolutions and extents ranging from 0.5°kor0.5 x 16 km? or 6 orders of magnitude of area, and
present a novel method by which to analyze mreiplution prevalence of occurrence data. Tliese

two chapters characterize the consi st agsednestt o whi c
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areas, and make inferences about possible causes for this variability. In @haptdogical niche
modelingwas usedo identify the extent, didtvution, and betweegear dynamics of suitable habitat of
these species and relate these results to the patterns described in Qlzaquidrs

Chapter2 has been publishe®¢rnak, L. L. 2010. Breeding patterns of Henslow's Sparrow and
sympatric grasslahsparrow species. Wilson Joal of Ornithology 122:63%45), and Chapteéd has
been accepted for publicatioDdrnak, L. L., N. Barve, and A. T. Peterson. 2012. Spatial scaling of
prevalence and population variation in three grassland sparrows. Congdaeg3). Chaptert is being

preparedwith co-authors A. Townsend Peterson and Jorge Sobgdiadmsubmission.
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CHAPTERZ2

Breedingpat t er ns of He nsrhpaticgrassladgparmowspeeiesa n d

ABSTRACT.O He ns | o wd s AnSrpdramuschensloyére reported to show irregular patterns of

return to breeding areaspresent data supporting these reports at rande extents, while testing

potential biases inherent in the North American Breeding BirdeyutataTwo measures of population
variability were used to show that Hensl owds Spar
and consistently, but have similar variance in numbers at occupied sites relative to other sympatric
grassland speow speciesl illustrate how restricting analyses to singleservercollected BBS data

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

the study periodThe most conservative analysis (singlesever, restricted distribution) showed that

Hensl owbs Sparrows exhibited | oweP<@QOblgandh| ence of
Savannah SparrowP & 0.001) but no difference in variation of abundariee 0.05).These results

suggest that Hensldws S p a r r cetursing® previously used breeding habitat from yeayear.

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

this facet of Hensl owbs Sp arroadsealedandsdapegigsign. nt o deci

INTRODUCTION

Artificial grazing regimes, drainage of wetlands, lasgale 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, 1994Y.he full extent of these impacts on native flora and fauna has only
recently begun to be appreciat&tifts are likely occurring continemiide, but the most dramatically
impacted habitat has been native grasslaBidse Europeagsettlement, 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. 199&ijteen bird species within this biome have

sufferal 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 caotiveesion
(i.e., state changef prairie habitato an artificial landsape.

He n s | Ammbdram(s hensloyjiGrasshoppery. savannarum, and SavannalP@sserculus
sandwichensjssparrows are obligate grassland nesters (Vickery et al. 1994) with population declines
across part or all of their breeding ranges (Peterjohrsandr 1999, Wells and Rosenberg 198@ne
has national threatened or endangered species sta
listed as Birds of Conservation Concern (BCC) in 2008 (USDI 2008) and as Species of Continental
Importance (Richteal. 2004).However, the speciesd behavior and ha
configuration, must be understood more fully before successfuhgeanent can be achieved.

Hyde (1939:23) was the first t oowsapgeaandteine unpr e
breeding areas, writing fiits presence in a given
been repeated by other authors (Wiens 1969, Skipper 1998, Ingold et al.\20&tudies report low
(Skipper 1998, Monroe aridi t chi son 2005) or nonexistent site fi
breeding areas (J.L. Zimmerman cited in Pruitt 1986)s behavior is atypical compared to Grasshopper
and Savannah sparrows which exhibit higher nest site fidelity (Bédard and leaPasdt, 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
broaderscale assessment of aahtesettlement patterns in breeding areas is necdssialgcking in the
literature.

Hensl owbs Sparrows may be also erratic and opp
broad spatial scal®revious research on this species has focusedadtdnd regional scales, with a few
exceptions (e.g., Herkert 2007The only studies that have used landsdapel analysis were limited to
sections of the speciesd range (Bajema and Lima 2

2006), and tile information exists to provide a rangede perspective on this species.
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I examined abundance data from the entire bree
compared it to similar data for Grasshopper and Savannah sparfm®cus was not to comgar
habitats used by each species; instead, | analyzed patterns of resettlement in habitat the birds already had
assessed as suitable for nestf@asshopper and Savannah sparrows were chosen for comparison, not
because of similarity or dissimilarity of hiédt choices, but because they are obligate grassland sparrow
species that nest within Hensl|l owb6s Sparrowsodo bree

| used the North American Breeding Bird Survey (BBS) data (Sauer et al. 2007) to address two
objectivesFirst, | examined howHenslob s Sparr ow popul at i BBSdatahave vy i n t
been criticized for biases, and a secondary objective was to assess the impact of using different subsets of
the BBS data to answer this questidhis information is critical to understandifgt s s peci esd nat

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

METHODS
Studyaread The study area included the entire breeding
Savannah sparrows (Fig. Bl bird abundance data were dezd/from the BBS, a monitoring system
created in the 1960s with the goal of understandingdermg trends in North American breeding bird
populations (Sauer et al. 200BBS data are collected annually, on faather June mornings, on 4,100
standardizedoadside 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 @igervers record all birds seen or
heard during 3 min at each std@jata are available for all years betwe®68 and the present, but | used
data from 20002007 to assure maximal route density and consistency.
Countdata.d | used two measures to describertegnitude of yearly fluctuations of
resettlement across the ranges of these species: prevalence of occurrence (proportion of years present) and
variation in abundanc&he former describes how consistently a species returns to a given BBS route

year aftelyear, 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 surVagdditer measures yetar
year variation in the number of individuals at thte sind 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 surveyedRoutes sampled in only 1 year of the study period were excluded from analygesebe
the coefficient of variation was undefinéithese two variables describe the consistency of occurrence
and abundance, but saturation effects of variation inddnoe may influence my results.

The BBS data were divided and analyzed in four groupsrsider potentially inherent biases.
(1) BBS routes were considered across the entire breeding range of each &)ebiegdysis was
constrained to BBS routes within t hlexameedBBSded br e
route data collectebly 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 (idulonabanchThe smalléeshdatmsetHe ns | o
had 56 routes and, to have equal samples sizes for each analysis, | randomly selected 50 routes per species
for each data set.

Statisticalanalysisd ShapireWi | k nor mal ity tests and Levenebs
variances were performed on all data sAtdeast one sample within each data set hadnaomally
distributed data and unequal variandgsth negative and positive skews were common witlitasets,
and transformation of the data was not possities,| used KruskaWallis nonparametric analysis of
variance to test for differences among means, which provided conservative and consistent testing for
differences among all groupgsruskatWa | | i s t est stati st i dannWhkitneg eval uce
Ut ests were performed to differenti aivaeluebveteween si
obtainedl usedthenop ar amet ri ¢ Kendal | 6s torshipbstweartpregateice t o a
of occurrence and variation in abundansd&onferroni correction was applied to Makivhitney U-tests
and Kendall 6s tau correl ati ons Statisticadanatyses weeef f ect s w

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



17

RESULTS
Prevalence obccurrenced Significant differences were found among species in all data sets tested for
prevalence of occurrencP € 0.001).There were significant diffences between species for the
multipleo bs er ver data set, both at the full extent of
Hensl owb6s SpaManeWwhisneyUTakte IfTpor the full extent of
the medianprelaence of occurrence for Hensl owds Sparrows
(0.78,P = 0.006), and Savannah (1.00< 0.001)sparrows; Grasshopper Sparratid not differ
significantly in prevalence from Savannah Sparrdws (0.022, Table 2)Resuls constrained to within
Hensl owbs Sparrowéb6s distributional area i®ere si mi
Fig. 2).

There were significant amorggoup differences in the singtdserver data sets for both the full
range extent and withn Hens | owbs Spar rpRPvwWw®dEl, TdblessMe dbahi bBlaab | aweé
Sparrows prevalence (0.50) for fuinge extents was significantly lower than for Grasshopper (©.88,
0.001), and Savannah (1.00< 0.001) sparrows (Table Zkrasshoper Sparrows had lower prevalence
than Savannah Sparrows (P = 0.005, Tabl@®.same results occurred when these data were restricted
to Hensl owbés Sparrow6$2,Kg3H.tri butional area (Tabl e

Variation inabundanced Results were less consisteetleen data sets than for prevalence
comparisonsThere were differences between spedies 0.011, Table 1) for the multiplgbserver data
set across the ful | Grasshomer Spamwofvs hachheghesvarialility e abindaneen g e s
(median= 0. 54) t han He n £k 0.004),sut Bosignificaot differeifcOds.exisid
bet ween Hens| owd sP=®&.070) sgaaows, ar beaween S&vanbab and Grasshopper
sparrows P = 0.18, Table 2, Fig. 4No differences were apparentween the species (Table 1, Fig. 2)
when the data wer pafrirmwdbded di cstiHéebsltowdal Sar ea.

The singleobserver data sets revealed a similar pattern, but with significant differences between

species in analysis of the full exteRPt£ 0.002)and wi t hin Hensl|l owdP=088arr owds
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Tablel) Ther e was no difference between R+EI0¥)oowds Spal
SavannahR = 0.21, Table 2) sparrow&rasshopper Sparrows, however, did have higher variability
(median = 0.47than Savannah Sparrows (0.8% 0.001).The same results were obtained for analyses
limtedtosingleo bser ver routes within HensiRdwgy®B)s Sparrowds

Correlation ofprevalence andariation.d Prevalence of occugnce was significantly and

positively correlated to variation in abundancefoHe ns | owdés Sparbhews viem t(He =mt
P<0.001) and single b s e r v e r P £ 0W03¥dat@set&hds relationship did not hold for either

Grasshopper or Savannah sparrows in any data setXl05).

DISCUSSION
Resettlement Sit e f i del ity describes the |ikelihood of an
toyearOf t e n, t he decision for adul't birds to return

experiences, or the experiences of conspecifics, aitéhim previous years (Hildén 1963)his

measurement is ideal for fingcale analyses, but breadale studies require consideration of

resettlement of an area by groups of individuslisre importantly, global patterns exhibited by these

groups acrosgpace and time can provide insight into differences across their geographic ranges.
Previous studies have evaluated nest site fide

sparrows (Bédard and La Point 1984, Skipper 1998, Jones et al. 2007), althowgkntovledge, this

study is the first to examine variation in resettlement patterns across their breedingHanges. | o wd s

Sparrows, in all analyses, had the lowest prevalence of occurrence among the thre€l fiegoiese, as

a group, less likely tceturn to a BBS route from 1 yeartothend®h en Hens| owds Sparrow

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

of Grasshopper and Savannah sparr@esh Grasshopper and Savannah spesrbad greater numbers

ofhighpr eval ence rout es These acrobspesies|differeidces inSariationrino ws .

occurrence might be best explained by habitat choicesoama behavior of each species.
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Hensl owds Spar r owssslandgsqHyderl3389, Snaith 1Pé8, Thagmaetin et gl.r a
2006).Vegetation structure, including aspects of vegetation height (Wiens 1969, Herkert 1994a) and
density (Wiens 1969, Zi mmerman 1988), is an impor
Sparrowg Graber 1968, Bajema and Lima 2001, Powell 20B@lds must remain relatively undisturbed
for several consecutive years to achieve vegetati
habitat.Thus, this sparrow avoids fields frequently distarbg haying (Graber 1968, Cully and Michaels
2000), burning, or grazing on frequent rotations (Bollinger 198®ilarly, Grasshopper and Savannah
sparrows prefer natural habitat to managed landscapes (Owens and Myers 1973, Dale et &hek@97).
specis are |l ess strict in their habitat preferences,
greater variety of habitat, including grazed, cultivated (Owens and Myers 1973), and hay fields (Graber
1968, Dale et al. 1997).

These differences in habitateferences among the species may explain differences in prevalence
of occurrenceThe narrowness of Hensl owbés Sparrowsdé breed
grassland biome possibly motivates groups of individuals to seek unused habitatevieusty settled
locations are no longer suitable (Reinking et al. 2000).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;tkeby encouraging Hensl owbs Sparrows
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 speuoiss liigtily variable
resources (Johnson and Grier 1988yasshopper 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 breedingsens, even though the habitat has been altered from previousiears.
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, Codyh886nJknd Grier

1988).
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Hensl owds Sparrows, in the relatively few area
variation in abundancén areas where they were not consistently present, they showed less variation in
abundance, thus, creating @sjiive association between prevalence and variablltis pattern might be
explained by the effect of clustering, combined with opportunistic setllimgearliest literature on
Hensl owbs Sparrows noted the t npiescespacallywen t he spec
occupying large patches of habitat (Hyde 1939, Graber 1968, Wiens gh@duals of nomadic
species, such as Hensl owb6s Sparrows, arriving to
already settled there as a metmevaluate 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 maygea pattern of
irregularity of settlement with regularity of abundanden | i ke Hensl| owds Sparrows,
relationship exists between variability, prevalence, and abundance in either Grasshopper or Savannah
sparrows.

Biases in BB8ata.d Use of BBS data is a timely and cesffective way of answering relatively
shortterm, broaescale questions (Sauer et al. 2005, Winter et al. 200@)BBS is the only source for
rangewide, stadardized data in North Americidjs commonly used to estimate afgiances and ye#o-
year fluctuations across speciesd breeding ranges
2007).Although the BBS is widely used, & not without potential bias.

One criticism of the BBS is that of change of observerssadimeLink and Sauer (1998)
suggested that differences in ability among observers may influence trends detected along routes over
time. | found that results differed when data were limited to shobleerver routeSpecifically,
Savannah Sparrows hagnificantly higher prevalence rates than Grasshopper Sparrows in the single
observer data set, a difference not detected in analyses of the rabplever data sethe difference
was significant i n bot h t he hefeagtiicledareaxthus,metluceslfo t he sp

Hensl owéds Sparrowds distributional aRemaving t he ef f e
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routes surveyed by multiple observers also affected variation in abund@aece were contrasting
differencesbetweempeci es acr oss t he f ulGlasskkopperé&patraws ladthet he s p
highest variability, but the ranks of the other two species shiftbd. multipleobserver data set in
anal yses constrained to wit hshowedindispeciebaliffesehcesylduts Spar
the singleobserver data set revealed significant results.

Thus, results of several analyses changed when the route data collected by multiple observers
were removedThis variation is likely a result of change in obh&s and their relative abilities (Link and
Sauer 1998)Sauer et al. (1994) suggested abundance patterns are best represented by analyses of single
observer data onlyHowever, even single observers may, through time, improve in identification and
detecton 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 cawaidnison
multiple-observer data.

Detectiond Other concerns not addeesl within the analyses of ttpaper should be considered.
In addition to concerns of multipeb s er ver or geographic effects, it
are not detected as easily as Grasshopper or Savannah spahmwgecies may be toaean some
areas, resulting in detection difficulties (Wells and Rosenberg 1999, DeVault et al.|2GfiRgr
locations where individuals are more abundant, lack of activity (Diefenbach et al. 2007, Confer et al.
2008), or failure to detect individualsajncause discrepancies, thereby affecting coatat. d

Hensl owbs Sparrowbs cryptic appearance and sec
insectlike song (Leftwich and Ritchison 2000), may lead to detection problems during sibedgstion
may be further restricted when singing declines after mate pairing (Leftwich and Ritchison 2000) or as a
result of Hensl owbés Sparrowsod proEHénsi owdosoBEpapbpco
may not nest near roadsides as a response to presedy vegetation (Patten et al. 2006) or traffic
volume (Forman et al. 2002), yet BBS data are collected entirely from roadside Itaatpsessible that

popul ations of Dbirds are not surveyed acqoes.r atel vy
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Bajema et al. (2001) suggest applying a correctio
counter these detection problems.

Conservationmplicationso Hens | owés Sparrow was once thought
western extent of itreeding 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 hurdominated lanscapes (Pruitt 19967 his 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, UmbanhowarBiL996)g, grazing, and
mowing hae 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 Hensl owds Spar r oWwepatietiedodureented inlthis$tddg are P o we |
strongly suggestive of a species that has adapted to be able to track optinrabsiteifting habitat
mosaic.

Hensl owbs Sparr ows -sansitve, an arevaffectedrbyg patdhesizecotibreading a

halitat (Herkert 1994b, Walk and Warner 1999, Oleary and Nyberg 2000, Thogmartin et al T2@06).
current approach of conserving large isolated patches ofgjiglity habitat may be too narrowly focused
on this concepiRenfrew and Ribic (2008), in a studf/Bobolinks Dolichonyx oryzivorug
Grasshopper, and Savannah sparrows, concluded thatgmatnight only be particularly restrictive
when the entire landscape is heavily fragmentéds, conserving smaller areas in addition to large,
contiguous halbat patches within the landscape matrix would create more total grassland habitat and
better suit Hensl owbs Sparrows, as it enhances th
movements and colonial behavior (Horn and Koford 2006, Ritat 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 obligatyr assl and species (Vickery et al. 1994),

which appear to move much more broadly across regional landscapes than the other two species analyzed.
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CHAPTER3

Spatialscaling ofprevalence angopulationvariation inthreegrasslandsparrows

ABSTRACT.0 He n s | o w0 s AnSmdramusch@nslowire distributedn tallgrass prairies in

central North America; however, this species is restricted further to specific habitats within these
prairie® large extents with relatively little woody vegetation, but accumulation of standing grasses and
forbs, conditionsthaers ul t from i nfrequent disturbances by
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 resetttdraeiur lfprevalence of

occurrence and variation in abundance) of Hensl ow
species, Grasshopper Sparroisgavannarumand Savannah SparrowRasserculus sandwichengis

across multiple spatial resolutionse ns |1 owés Sparrows showed | ower pre
abundance than the other two species. I ndeed, Hen

less than 120 000 km2, suggesting nomadic characteristics of where they bregekfroonyear. We

suggest that these patterns reflect Hensl owbs Spa

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

broadly across regional landscapes

INTRODUCTION

He ns | o w6 s An8rpdramuschansliowpreed 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, onoenmon (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 coassales from the

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

with few documented core areas. Hensl owbés Sparrow
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unpredictable in grasslands that appeé@gable (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 (Dornaki20 110
Hensl owbs Sparrow breeding sites were | esA predic
savannaruand SavannatP@sserculus sandwichenssgparrows, on BBS routes. That study concluded
t hat Hensl| owds Spar rlmeeasse hirdsiwere rotacensistehtly nesettlingg mtdhe | ¢
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} effddstemporal
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 spext@at 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 environmertiahsdsdi
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 a
Grasshopper, and Savannah sparrows at spatial resslgpanning six orders of magnitude (&.51
360 knf). 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 preferenmaisfocus is on predictability of occurrence of each

species within their respective microhabitats.

METHODS
Studyaread Our analysis was restricted to the overal/l
occurrence (Figure 1), which subsumes thetsisgte 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 Hens!| owdesseSparrow
manifested beyond the range of the focal species (Dornak 2010). The reduced area covef«kgd, x 10
and is dominated by agriculture, pasture, and croplands, interspersed with patches of woodlands, shrub,
wetlands, urban and developed areagyfapastures, and native prairie.

Occurrence datad Occurrence 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 orlbyoadscale, standardized, loitgrm 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 ait leeatdstop for 3
minutes (Sauer et al. 2011). Fifty BBS routes per species were used, representing almost all routes (see
bel ow) on which Hensl owbés Sparrows have been dete
Although the system is not witlit inherent bias (T. R. Cooper, pers. comm.), for studies extending
across entire breeding distributions, the BBS is the only distributide, standardized database for
North America; as such, BBS data are most appropriate as the basis for the afidhysesudy. 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 500 Teetrics 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 spexsegeacsolt 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 ofariation, calculated as standard deviation divided by the mean abundance.

Spatial scale gradien® All analyses are based on regroupings of records of sparrow species
within and among stops on BBS routes to develop a mubligaée approach crossing erd 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 rouethe sample, the finest resolution was offered by the 50 stops
individually (each representing sampling of ~0.5kmwhich were then grouped into 25 pairs of
consecutive stops (~1.14 kiper pair). To construct increasingly broader spatial scales, \stops
aggregated into 10 groups of 5 stops (~3.06 fi@n group), 5 groups of 10 stops (~6.26 kwer group), 2
groups of 25 stops (~15.86 kmer group), and finally the full BBS route (~32.02%figure 2).

Coarser resolutions were developed by digdint he speci es® range into
The Hensl owds Sparrow br é)evdsidivided idto 61(30 780 Kiperi on (2

region), 16 (126 126 khper region), and 4 equal regions (511 360 jem region; Figure 2). All three

g

10

spet es® occurrences were analyzed across this same

could be visualized across a spectrum of spatial resolutions and extents ranging froft® & %m 16
km?, or 6 orders of magnitude of area. We note tihatroutebased areas and the quadiiaased areas
are not completely compatible and consistent with one another as the smallercaltevpiadrants
varied in sample size of routes and thoroughness of sampling, for this reason, one confirmatory
rarefacton test was based only on extents at and below that of entire routes (see below).

Statistical analysisd Tests for normality and homogeneity of variances were conducted initially
for all levels of analysis. Because most samples were eithanaramally dstributed or had nen

homogenous variances, nparametric analyses were used throughout. KreMkallis 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 setsee below); when significant differences resujpedf hodviannWhitney U-
tests were used to differentiate between groups of species. kidiskdl | i s results were ev
= 0.05. To control for Typ¢ errors when multiple significance teste grerformed, Bonferroni
corrections were applied to all MamdhitneyU-t est s, so results are reportef
analyses were performed using SPSS, version 17.0 (SPSS 2008) and with R (R Development Core Team
2011). However, because sucgies 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 presenand (511 360 k1) (full range, constant presence). As a hypothetical example,
these curves would be highly convex in a species with very consistent local occurrence patterns, for
exampleTurdus migratoriusbut concave in highly nomadic species wibimgistent occurrence only at
broad extents (Figure 3). To compare these curves in terms of their corcsvEonvex 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 theextcoarser resolution, making different resolutions-imatependent, we calculated the
area under each speciesd curve as a means of buil
statistical comparisons of these areas, we used a 50% bootstramglithg of the data that are used to
estimate the curves (i.e., the stepel 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 ahdependence, we used atgalerthe-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 agiagprdeveloped by N. Barve
that are available upon request from the authors.

Tests for biased Hens| owds Sparrows are observed |l ess o
di fficult to detect than either GrassS8parppser or Sa

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 patteof occurrence similar to that of one with low abundance. We conducted
tests to verify that the | ow prevalence of Hensl o
numbers of individuals or lower detectability of similar numbers of individualshiSend, 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 over al bwBBS datahBecaudewe sesampldgdl sandSrplyafrom
Grasshopper and Savannah sparrow occurrence dat a
effectively manipulated overall numbers without changing the spatial structure; then, we tested whether
that spatiaktructure differed among species. We reassembled rarefied data sets into fabsence
data sets, and analyzed as described above. Because of the random nature of the resampling method,
abundances at some stops were reduced, but abundances wereeglimitiagly 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 reducelde 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 Krudkallis and ManAVhitney 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 robtised and quaantbased 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 i
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 distribudfceach of the 200 rarefied data sets. We compared the
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observed area for Hensl owbs Sparrows to those of
coarser (regional) resolutions mask patterns that emerge at finer resolutions, and inHight of t
inconsistencies of aboveute resolutions noted above, this analysis was limited to resolutions of ©.5 km

(stop) through 32.02 khfroute).

RESULTS
Prevalence of occurrencd At most spati al resolutions, preval enc
andhigher in the other two species. Significant differences between species were found at all spatial
resolutions P < 0.001) except 125 126 Kr(P = 0.185) and 511 360 KniTable 1). Analysis for the latter
resolution did not merit further consideration &ese all species had a median prevalence of 1.0, so no
differences could be detected. However, for all resolutions at or below 30 780 kihe ns | owés Spar
had significantly lower prevalence of occurrence compared to both Savannah and Grasshopper sparrow
P< 0.01, Table 1). The consistency with which Hen
varied: 22% (0.5 ki), 50% (32.02 krf), and 63% (30 780 ki) the species was not consistently present
(i.e., prevalence >75%) at sites until the resofuwas broadened to cover 126 126’k@omparatively,
Grasshopper and Savannah sparrows were consistently prevalent at much finer resolutions thé 32.02 km
(87%) and 3.06 ki(77%) resolutions, respectively (Figure 3). Grasshopper Sparrows had siglyifican
lower prevalences compared to Savannah Sparrows at all resolutions through 3Z0@bkenil, Figure
3). However, as mentioned above, these comparisons are complicated because prevalences at different
spatial resolutions are nimdependent of one atier.

The prevalence curve comparisons offer a means of comparing the species without the
complication of nofindependence of successive spatial resolutions. The curves were significantly
different among all comparisons of speciesx( 0. 00 1) . sISphaerowtt@ve svds gignidicantly
lower than those curves of Grasshopjper {38.72;P < 0.001) and Savannah=-38.72;P < 0.001)
sparrows; similarly, the Grasshopper Sparrow curve was lower than that of Savannah Sparrows (

21.95;P < 0.001).
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Findly, 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
l east at finer spatial r ecesonvkre gtill smnifisantlyfk @ .005)lesswd s S p a
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 consisteniceccurr
of Hensl owbs Sparrows is indeed a reality, and no

Variation in abundancé Significant differences among species in tests for variation in
abundance were found only at two resolutions, 32.02(Rns 0.049) and 126 126 KngP = 0.005; Take
1). At 32.02 kr, Grasshopper Sparrows (median = 0.43) had higher ranked variability in abundance than
Savannah Sparrows (0.32= 0.010). At 126 126 km Hens| owés Sparrows (0. 53)
variability than Savannah Sparrows (0.R3; 0.002;Table 1). Variation in Grasshopper Sparrows (0.41)
was almost significantly larger than Savannah Sparrows at 126 £28tent P = 0.017; Table 1).

Comparisons of areas under curves revealed significant differences between BpeO&9O().
TheHenst wés Sparrow curve was significazrt2b®Phi gher t
0.001) and Savannah£-38.72,P< 0. 001) sparr ows; hence, Hensl| owds
variable than the other grassland sparrows. The curve for Gppestgparrows was significantly higher
than that for Savannah Sparrows(-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 thisase.

DISCUSSION

Comparisons of speciésHe ns | owés Sparrows do not use breeding
across their geographic distribution; as a consequence, they showed significantly lower prevalence of
occurrence compared to Grasshopper &avannah sparrows at most spatial resolutions analyzed. At

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

coarsened, Grasshopper and Savannah sparrow preva
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prevallmces remained |l ow. Indeed, Hensl owds)®Blgiarrows
50% of years sampled, and were at times conspicuously absent even from broader regions (3at780 km
63% prevalence). Statistical comparisons at individualuésns, though informative, violate
assumptions of independence between tests; therefore, thendiesshe-curve may characterize better
prevalence of occurrence for the three species across multiple spatial resolutions. The prevalence curve of
Henslowb s Sparr ows wahavingriess agea beneath thevcérikan the curves of
Savannah and Grasshopper sparrows, thus supportin
prevalent than the other two obligate grasslaesting sparrows. Thesesults 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 resimogs were differences significant between species. The area
understhec ur ve proved to be more useful, showing that
(highest curve) than both Grasshopper and Savannah sparrows, the latter species havingf the lowe
variation (|l owest curve). Hens | owo do-y&apabundance,s t hus
and exhibited the lowest prevalence of the three species. Savannah Sparrows, conversely, showed the
smallest variation in abundance, and the highestgtence 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 Hensl| owdéstan8 maervariableghan the steer twa spavra@vlspecies, but
they are not predictably present until extents of 120 000akenconsidered; these contrasts among
species are not simple consequences of lower abundance or detectability. So then, whg iw l8egsl
Sparrowb6s prevalence | ower than that of Grasshopp
resolutions, when all three species are obligate grassland nesters? These observations might indicate that
too much habitat exists for too few individaab fill (Cody 1985), or some unusual Hféstory strategy

adapted to life in a spatially and temporally dynamic landscape.
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OQur results support strongly the hypothesis th
among breeding seasons across meltgplatial 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).istardadelops 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 spalal $dadine 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, Ahtggiet al. 2006) can influence whether individuals or groups of
individuals return to previouslysed breeding areas. At broader scales, factors such as regional weather
patterns (Wiens 1986, Johnson and Grier 1988, Kantrud and Faanes 1979), precipisaiibn i
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 crosscale influences; food resources, feample, can cause firgcale movements in birds
tracking insect emergence (Dean 1997), or bisxade variability in species following high seed masts
(Andersson 1980, Sinclair 1984, Dean 1997) or microtine densities (Martin 1989, Korpimaki and
Norrdahl 191).
We suspect that Hensl owds Sparrows may be resp
movements across spatial scales (Allen and Saunders 2006). At finer resolutiong-patch
movements may be the result of conspecific attraction and-patehe | | and uses. Hensl ow
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, Ahlerimg et al. 2006). Patekevel disturbance may also result in yéayear settlement variation:

Hensl owéds Sparrow habitat occurs primarily on man
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grazing, and haying are common disturbances and may alter thigilgyibetween management units.
Recently (i.e., around 1 yr) disturbed areas are
although some males may use such areas (Swengel 1996, Herkert and Glass 1999). As time since
disturbance accumulates, pldmomass (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 disturbeghondeaever,
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 yearartrularly when the spatial grain of the disturbance regime is large (Robbins et
al. 2002) . Hensl|l owbs Spar r owsedaestaredsnatthough thesites t o r e
appear unchanged. We propose that conspecific attraction may infhestaaea 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 pattermge identified across spatial resolutions. The interior of the US experiences high
yearto-year variation in precipitation and temperature (Bragg 1995). Grasslands respond to extreme or
unseasonable weather conditions (e.g., periods of drought -@misé¢springs) rather quickly (Wiens
1986), and can influence the distributions of opportunist species across broad areas (Igl and Johnson
1999). Land use change (i.egnversiorof native grasslands to rangeland or hayfields) has altered the
structure, specgediversity, density, and biomass of these grasslands and createtépatttomogeneity
within management units (Fuhlendorf and Engle 2001). The result maydrenalihing suitability when
extreme weather patterns determine growth and structure wégle¢ation, 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 o the broaescale, intela n n u a | movements of Hensl owds Sparr

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 1984,19843i, a frequent occurrence in
arid/semiarid environments (Davies 1984). Northern Harri€isqus cyaneusMartin 1989),

Tengmal maegoliWwheseyd(orpimaki et al. 1989), and Sheraired OwlsAsio flammeus

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

White ibises Eudocimus albysrack emergence of shallow and ephemeral wetlands to forage on
invertebrate prey (Frederick and Ogden bh@a@7). We
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, idiig 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 sharedrerspagies, it is

not | ikely a cause of nomadism for Hensl|l owds Spar
tracking disturbance cycling across the | andscape
spotsbd6 (Cody 19 Bafichesthat hawe beem itllecor anly lghtly distyrbed 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 t hen dS8parkbheseshibionerdasic 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, alsoazqaloit g
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, aslhaslof 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 isdntfiad
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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 conspdci, and avoiding predators (Hinde 1956). It should not be surprising
then, that these species would have higher preval

The support for nomadism in Hensl owbs Sparrows
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 multiyear cycles, best documented in microtine rodefits 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 predatay interactions (Lack 1954). Although
populdion 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 197©3ed, f or predati on t o r ¢
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 greapect on species that nest nearer to edges.
Hensl owbs Sparrows select for sites away from edg
parasitism (Herkert 1994a, Pruitt 1996, Winter et al. 2000). Third, other factors shown to regulate
populatiors in cycling species, such as disease outbreaks or ddepigndent crashes, have never been
recorded in Hensl owbs Sparrows. Fourt h, i f Hensl o
trend analysis would show both positive and negative tracrdss 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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Caveatsd Our results may have been influenced by several factors. First, the broadest resolution
(511 360 krf) had a vey 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
Hensl owds sparrow variati oA Thesealaebsumreldeaniribedpe aked a
differences found in both betweessolution and scaledependent 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 repesent 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
nornrconsecutive years) were addressed within the methodology of thys sasgd 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 samplegrassand habitat s. Hensl owbs Sparrows are Vi
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 theidsaltiggsugh short and inselike
(Hyde 19399 carry across the grassland over distances of at least 150 m (pers. observ.); therefore,
detections based on song alone may not be a | i mit
Hensl| owbs S ptherecarded comsiatgntly aecause 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 frequereyraftte pairing (Leftwich
and Ritchison 2000), Hensl|l owbs Sparrows may be di
surveyed in June, after pdionds have formed (Sauer et al. 2011). To assuage concerns of this nature
within our study, we raredid Grasshopper and Savannah sparrow occurrence data sets to mimic
abundances and detectability of Hensl|l owbs Sparrow
biases within our analyses. Differences in abundance and detection are similaigropbiEttomenéa

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 lowdetectability, 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 crgsale analysis. We thus conclude tiiifferences 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 habitataadnt to higktraffic 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 inhibiteithert obser ver sdé abi | i
singing males or the sparrows6 use of habitat nea
however, may avoid roadsides if fence lines are heavy with woody vegetation, since it decreases habitat
attractiveness, exarbating any detection problems (Patten et al. 2006).

Conservation implicationrd8 Hens| ow6s Sparrow popul ations have
distribution (Sauer et al. 2011), apparently in response to habitat loss and fragmentation (Pruitt 1996).
Somesurveys have shown a recent trend reversal, with stable or increasing populations reported for
specific states (e.g., lllinois; Herkert 2007b), in wintering populations (National Audubon Society 2002),
and even distributiowide (T. R. Cooper, pers. comnsauer 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 augme
regonsible for recent population recovery (Cooper 2007, Herkert 2007, Herkert 2007b).

A central goal of Hensl|l owb6s Sparrow conservat.i
grassland habitat so as to allow for sustained or growing populations @opeiCpers. comm.). An
assumption underlying this goal, however, is that
migration to breeding range, territory selection and establishment, pair formation and nesting, and

migration to wintering rangef territory selection and establishment cannot be predicted consistently
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becauseof muks cal e nomadi sm, as in the case of Hensl|l owod
made to design a configuration of patches of suitable habitat that actwuthts behavior.

At finer scales, techniques such as patch rotation should be encouraged to incredsegbatch
heterogeneity, which may be more compatible with
threeyear cycles limits cattle stocking & subset of the pasture, allows for structural development of
herbaceous vegetation, and restricts woody growth, all of which promote suitable breeding habitat for
Hensl owbs Sparrows (Wiens 1969, Her kert etsth® 4 b, Po
spati al and tempor al di sturbance -ofphhaeaedn 9bhade giec
across patches, and would support | ocally nomadic
Engle 2001, Fuhlendorf and Engle 2004). Tiadally, core areas (>800 ha) fall undet ag ga&l e 0
management (Sample et al. 2003); however, we suggest that these areas need to be managed to promote
patchlevel heterogeneity.

At regional scales in |ight @otonfiglationsfoeallyi esd no
managed areas integrated across broader regions. Ideally, these efforts would create a-lavelscape
mosaic of moderatelgized and weltlispersed habitat patches, and potentially buffer the effects of
extreme weather conditisnThis configuration should help to support regionally nomadic populations
that do not nest consistently within core breeding areas. What is more;seedaagnanagement for
Hensl owbs Sparrows t hpatth mosaic willrbenefit spigsehat ude bthesphasdsi f t i n
of grassland succession. Fuhlendorf and Engle (2001) suggested that species that use remarkably different
habitat ceoccur across the grasslands thanks to the temporal and spatial heterogeneity. We suspect that
this management r@ge would have fareaching, 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 breedinghatt acr oss Hensl| owds

full distribution will be necessary, which will have to take local landscape dynamics into account directly.



48
ACKNOWLEDGEMENTS
We thank S.L. Egbert for academic guidance, and J. Soberoretwetical and technical advideunding
was provided by the Department of Geography, Doctoral Dissertation Research Improvement Grant

(Geography and Spatial Science, SBE #1131644).

LITERATURE CITED

Ahlering, M. A., D. H. Johnson, and J. Faaborg. 2006. Conspecific attraction in anptdsstia the
Baird's Sparrow. Journal of Field Ornithology 77:B851.

Allen, C., and D. Saunders. 2006. Multimodel inference and the understanding of complexity,
discontinuity, and nomadism. Ecosystems 9i&99.

Allen, C. R., and D. A. Saunders. 2002 ridhility between scales: predictors of nomadism in birds of an
Australian Mediterraneadlimate ecosystem. Ecosystems 5i3ED.

Andersson, M. 1980. Nomadism and site tenacity as alternative reproductive tactics in birds. Journal of
Animal Ecology 49:176184.

Batzli, G. O., and F. A. Pitelka. 1971. Condition and diet of cycling populations of the California cole,
Microtus californicus Journal of Mammalogy 52:14163.

Bédard, J., and G. LaPointe. 1984. Banding returns, arrival times, and site fiddédgySavannah
Sparrow. Wilson Bulletin 96:19&05.

Bragg, T. B. 1995. The physical environment of great plains grassland$8d. #A. Joern [ed.], The
changing prairie. North American grasslands. Oxford University Press, New York, NY.

Cody, M. L. 1985Habitat selection in opecountry birds, p. 19226.In M. L. Cody, Editor [ed.],

Habitat selection in birds. Academic Press, Orlando, FL.

Cooper, T. R. 2007. Henslow's Sparrow conservation action plan workshop summary. U.S. Fish and
Wildlife Service, Bloanington, IN.

Dale, B. C., P. A. Martin, and P. S. Taylor. 1997. Effects of hay management on grassland songbirds in
Saskatchewan. Wildlife Society Bulletin 25:6526.

Davies, S. J. J. F. 1984. Nomadism as a response to desert conditions in Austrahaoféuid
Environments 7:183195.

Dean, W. R. J. 1997. The distribution and biology of nomadic birds in the Karoo, South Africa. Journal of
Biogeography 24:76979.

Diefenbach, D. R., M. R. Marshall, J. A. Mattice, and D. Brauning. 2007. Incorporatiighahty for
detection in estimates of bird abundance. Auk 124:06.

Dorfman, E. J., and R. T. Kingsford. 2001. Seddpendent patterns of abundance and habitat use by
cormorants in arid Australia and the importance of nomadism. Journal of Arid Emands
49:677694.

Dor nak, L. L. 2010. Breeding patterns of Hensl owbd
Wilson Journal of Ornithology 122:68645.

Forman, R. T. T., B. Reineking, and A. M. Hersperger. 2002. Road traffic and nearby grasdland
patterns in a suburbanizing landscape. Environmental ManagementiBD0@82

Frederick, P. C., and J. C. Ogden. 1997. Philopatry and nomadism: contrastieyhomgovement
behavior and population dynamics of White Ibises and Wood Storks. Coloniathivids
20:316 323.

Fuhlendorf, S. D., and D. M. Engle. 2001. Restoring heterogeneity on rangelands: ecosystem
management based on evolutionary grazing patterns. BioSciencei®B825



49

Fuhlendorf, S. D., and D. M. Engle. 2004. Application of thé& §razng interaction to restore a shifting
mosaic on tallgrass prairie. Journal of Applied Ecology 41:604.

Graber, J. W. 196&Rasserherbulus henslowii hendslogAudobon): Western Henslow's Sparrow, p.
237.In A. C. Bent [ed.], Life histories of North Amiean cardinals, grosbeaks, buntings,
towhees, finches, sparrows, and allies. Smithsonian Institute, U.S. National Museum Bulletin,
Washington, D.C.

Greenwood, P. J., and P. H. Harvey. 1982. The natal and breeding dispersal of birds. Annual Review of
Ecology and Systematics 13:21.

Harvey, P. H., P. J. Greenwood, and C. M. Perrins. 1979. Breeding area fidelity of Grd2arTiss (
major). Journal of Animal Ecology 48:30313.

Herkert, J. R. 1994. The effects of habitat fragmentation on Midwestern gralssthodmmunities.
Ecological Applications 4:46471.

Herkert, J. R. 1994. Status and habitat selection of the Henslow's Sparrow in lllinois. Wilson Bulletin
106:35 45.

Herkert, J. R. 2007. Evidence for a recent Henslow's Sparrow population increaseim Uburnal of
Wildlife Management 71:1229.233.

Herkert, J. R. 2007. Conservation Reserve Program benefits on Henslow's Sparrows within the United
States. Journal of Wildlife Management 71:275161.

Herkert, J. R., and W. D. Glass. 1999. Henslow'st8paresponse to prescribed fire in an lllinois prairie
remnant. Studies in Avian Biology 19:1i6l64.

Herkert, J. R., D. W. Sample, and R. E. Warner. 1996. Management of Midwestern grassland landscapes
for the conservation of migratory birds. , pi 826.In F. R. Thompson [ed.], Management of
Midwestern landscapes for the conservation of neotropical migratory birds. . U.S. For. Serv.,
Gen. Tech. Rep. N@87. North Central For. Exp. , St. Paul, MN.

Herkert, J. R., P. D. Vickery, and D. E. Kroodsma. 2002 skéevis Sparrow, p. 24n A. Poole and F.

Gill [eds.], The Birds of North America. The Birds of North America Inc., Philadelphia, PA.

Hinde, R. A. 1956. The biological significance of the territories of birds Ibis 983840

Hyde, A. S. 1939. The life Higry of Henslow's SparrowRasserherbulus hensloAudubon).
Miscellaneous Publications 41:29.

Igl, L. D., and D. H. Johnson. 1999. Le Conte's Sparrows breeding range in Conservation Reserve
Program fields: precipitation and patterns of population ohaBtydies in Avian Biology
19:178 186.

Ims, R. A., and H. Steen. 1990. Geographical synchrony in microtine population cycles: a theoretical
evaluation of the role of nomadic avian predators. Oikos 5V 31

Johnson, D. H., and J. W. Grier. 1988. Deteanis of breeding distributions of ducks. Wildlife
Monographs 100i37.

Jones, S. L., J. S. Dieni, M. T. Green, and P. J. Gouse. 2007. Annual return rates of breeding grassland
songbirds. Wilson Journal of Ornithology 119:84.

Kantrud, H. A., and C. A.&anes. 1979. Range expansion of Baird's sparrow in South Dakota. Prairie
Naturalist 11:111112.

Korpimaki, E., M. Lagerstrom, and P. Saurola. 1987. Field evidence for nomadism in Tengmalm's Owl
Aegolius funereurnis Scandinavica 18:4.

Korpimaki, E., @d K. Norrdahl. 1991. Numerical and functional responses of kestrels;Sired Owls,
and LongEared Owils to vole densities. Ecology 72:8326.

Lack, D. 1954. Cyclic mortality. Journal of Wildlife Management 18325

Leftwich, C., and G. Ritchison. 200Singing behavior of male Henslow's Sparrodsinodramus
henslowi). Bird Behavior 18:17.

Martin, J. W. 1989. Harriers and kites no. 12 3.12..In B. G. Pendleton [ed.], Proceedings of the
western raptor management symposium and workshop. . Natibladife Federation Scientific
Technical Series, Washington, D.C.



50

Milton, S. J., W. R. J. Dean, M. A. d. Plessis, and W. R. Siegfried. 1994. A conceptual model of arid
rangeland degradation. BioScience 447/

National Audubon Society. 2002. The Chrisgntdrd count historical results.

Newton, |., and M. Marquiss. 1982. Fidelity to breeding area and mate in Sparrowkasipiter nisus
Journal of Animal Ecology 51:32341.

Owens, R. A., and M. T. Myers. 1973. Effects of agriculture upon populationsivd passerine birds of
an Alberta fescue grassland. Canadian Journal of Zoology 57637

Patten, M. A., E. Shochat, D. L. Reinking, D. H. Wolfe, and S. K. Sherrod. 2006. Habitat edge, land
management, and rates of brood parasitism in tallgrass pEaiggical Applications 16:687
695.

Pietz, P. J., and D. A. Granfors. 2000. Identifying predators and fates of grassland passerine nests using
miniature video cameras. Journal of Wildlife Management 687.1

Powell, A. F. L. A. 2006. Effects of prescribburns and bisorBps bisoh grazing on breeding bird
abundances in tallgrass prairie. Auk 1233i183/.

Pruitt, L. 1996. Henslow's Sparrow: status assessment, pn13o. t. Interior [ed.]. US Fish and
Wildlife Service, Bloomington, IN.

R DevelopmenCore Team. 2011. R: A language and environment for statistical computing. R
Foundation for Statistical Computing, Vienna.

Robbins, M. B., A. T. Peterson, and M. A. Ortédiaerta. 2002. Major negative impacts of early
intensive cattle stocking on tallgrgssiries: the case of the Greater Pra@lgcken
(Tympanuchus cupidoNorth American Birds 56:23244.

Rotenberry, J. T., and J. A. Wiens. 1980. Habitat structure, patchiness, and avian communities in North
American steppe vegetation: a multivariatelgsia. Ecology 61:1228.250.

Royle, J. A., J. D. Nichols, and M. Kéry. 2005. Modelling occurrence and abundance of species when
detection is imperfect. Oikos 110:3%59.

Sample, D. W., C. A. Ribic, and R. B. Renfrew. 2003. Linking landscape managenietitevit
conservation of grassland birds in Wiscorisid. A. Bissonette and |. Storch [eds.], Landscape
ecology and resource management: linking theory with practice. Island Press, Washington, D.C.

Sauer, J. R., J. E. Hines, J. E. Fallon, K. L. Pardieck, Riolkowski Jr., and W. A. Link. 2011. The
North American Breeding Bird Survey, results and analysisilBBH, Version 12.07.2011
USGS, Patuxent Wildlife Research Center, Laurel, MD.

Sauer, J. R., and W. A. Link. 2011. Analysis of the North Americaedng Bird Survey using
hierarchical models Auk 128:898.

Sinlcair, A. R. E. 1984. The function of distance movement in vertedrateR. Swingland and P. J.
Greenwood [eds.], The ecology of animal movement. Oxford University Press, Cary, NC.

Skipper,C. S. 1998. Henslow's Sparrows return to previous nest site in western Maryland. North
American Bird Bander 23:3@1.

SPSS Institute Inc. 2008. SPSS for Windows, version 16.0. SPSS Institute, Inc., Chicago, IL.

Stamps, J. A. 1987. Conspecifics as cudsrtitory quality: a preference of juvenile lizardmplis
aeneuyfor previously used territories. American Naturalist 129iG22.

Stamps, J. A. 1988. Conspecific attraction and aggregation in territorial species. American Naturalist
131:329 347.

Swengé S. R. 1996. Management responses of three species of declining sparrows in tallgrass prairie.
Bird Conservation International 6:24253.

Vickery, P. D. 1996. Grasshopper Sparrow, p.I22. Poole and F. Gill [eds.], The Birds of North
America. The Bids of North America, Inc., Philadelphia, PA.

Vickery, P. D., P. Tubaro, J. M. Cardoso da Silva, B. G. Peterjohn, J. R. Herkert, and R. B. Cavalcanti.
1999. Conservation of grassland birds in the Western Hemisphere. Studies in Avian Biology
19:21 26.



51

Wheelwight, N. T., and J. D. Rising. 1993. Savannah Sparrow, pn2&.Poole and F. Gill [eds.], The
Birds on North America. Academy of Natural Sciences, Philadelphia, PA.

Wiens, J. A. 1969. An approach to the study of ecological relationships among gragsiand
Ornithological Monographs 8 83.

Wiens, J. A. 1974. Climatic instability and the "ecological saturation" of bird communities in North
American grasslands. Condor 76:8880.

Wiens, J. A. 1986. Spatial scale and temporal variation in studiesutisséppe birds, p. 158472.1n J.
M. Diamond and T. J. Case [eds.], Community Ecology. Harper and Row, New York, NY.

Winter, M., D. H. Johnson, and J. Faaborg. 2000. Evidence for edge effects on multiple levels in tallgrass
prairie. Condor 102:25@66.

Wray, T., Il, K. A. Strait, and R. C. Whitmore. 1982. Reproductive success of grassland sparrows on a
reclaimed surface mine in West Virginia. Auk 99:1564.



TABLE1Compari sons
Breeding Bird Survey data were collected from 2QUD7.

of

Hensl owb6s,

Grasshopper,

and

52

avann

Spatial resolution

Prevalence

H
df
p

Coefficient of variation

H
df

p

Prevalence
Hensl-0'U

Grasshopper z
=]

Hensl-0'U
Savannah z
P

Savannah U
Grasshopper z
P

Coefficient of variation

Hensl-0'U
Grasshopper z
=]

Hensl-0'U
Savannah z
p

Savannah u
Grasshopper Z
P

1.14

39.73

2

< 0.001A

3.82

2

0.148

858.5
-2.71
0.007*

328.5
-6.37
<0.001*

755.5
-3.41
0.001*

KruskalWallis rank sums tests

15.86

45.72
2

3.55
2

0.169

32.02

53.23
2

<0.00A <O0.00A <0.00A

6.03
2

0.04A

MannWhitney U-tests

3.06 6.26
87.95 44.50
2 2

< 0.00A
2.43 3.99
2 2
0.297 0.136
713.0 762.0
-3.71 -3.37
<0.001*  0.001*
42.0 302.0
-8.34 -6.54
<0.001* <0.001*
222.0 739.0
-7.09 -3.53
<0.001* <0.001*

726.0
-3.63
<0.001*

286.0
-6.71
<0.001*

800.0
-3.22
0.001*

648.5
-4.19
<0.001*

268.0
-7.05
<0.001*

771.0
-3.68
<0.001*

11495
-0.70
0.487

1049.0
-1.39
0.165

875.0
-2.59
0.01*

30780

19.76
2
< 0.001A

5.31
2

0.07

220.5
-2.72
0.006*

136.5
-4.22
<0.001*

253.0
-2.07
0.039

126126 511360

3.37
2
0.185

10.56
2

0.005A

57.0
-0.84
0.401

15.5
-3.07
0.002*

21.0
-2.39
0.017*

5.05
2

0.08

A i

ndicates

signi fi c &pm0.050with KfuskaHévallis ests. a mo n g

species (

* indicates significant difference® & 0.0167) with ManAVhitney U-tests. Note that comparisons are presented only at
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Figurel. Hensl owbs (a), Gr ass ho neesing disthbutions flnadd Sav annah
Breeding Bird Survey routes used in our analyses
distribution and singlebserver routes.




































































































































