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,\11,TR\C1.-Const·1,.uion of obligate gr.L,sland species requires 1101 only tht· pro1cc1ion of a 
s110icie111ly large arl'a of habitat h111 also the: availability of ne(cssary ,·ege1111io11 (harac1cris1irs 
for particular spl'cics. /\s a result land n1ai1;1g-ers n111s1 understand which habitat charac1eris1ics 

an· in1ponan1 fi>r thei r  1arge1 spt·cics. To ide1nil}' the habi1at as.�ochuinns of l'igh1 species of 
gr.L�sland birds. we conducted hircl and vcgt·1a1ion S\11"\'l')'S on 66 gr.tssland hahi1a1 pa1ch1,s in 
s11u1hwes1er n 1vfinneso1a in 201:1 a11d 2014. Specits of intercs1 includccl sedge wr1·n 
( Cistotlton,s /1!11tr11li1). S,l\'annah sparrow (P11ssnr11/11, .<11111/wir/1r11si1). gras.�hopp<·r spa1Tow 
(, I 111111()(/ram11.< ,1n111111u11,1111). Ht·nslow· s ,parrow (,Im 1110<fra 11111., !tr11�/11wit). dickcissel ( S/1ha 
11111n·ira 11a), bobolink ( /)o/irltn11y.,· 01)·:it1m,,.1). an cl western nit:aclowlark ( St 111111'/la neglerln). \\' l' 
calculated rorrt·h11iou coeOicic·n1s hct\\'cCn ,·egcta1ion \'ariahlcs and sperit.-s density as 
111<.'asures of linear association. \\'<' as.stsscd c111Yilincar relationships wi1h loess plo1s. \\\· 
fr>1111cl grassland birds on !l;';.5<;/ of su1,·eyecl sites. inclica1ing rc·111nan1 prairie in sou1hwestt·n1 
!\linncsoia is ust·cl bi· grassland birds. In general individual species showed different pancrns 
of association and 1110�1 species \\'C·rt· tolc1�1n1 of a ,,•iclt· v;1rit>I)' or habi1a1 conditions. The nH>st 
ro11sis1cn1 pattern \\,.Ls a negati\'C as.�ociation with ho1h the quantity ancl proxi1ni1y of 1recs. 
()ur findings 1hat inrli\'icluaJ species have different hahi1at preferenct·s s11gges1 that prairie 
resource 1nanagl·rs 1nay need 10 coorclin,lle n1anagt·n1cn1 cffons in orcltr to creatt' a 1nosaic of 
habitat types 10 s11ppon n1uhiple spc·c·i,·,. 1ho111(h ire,· con1rol will hl· an iinpona111 ancl 
ongoing 1nanag-c1nc:nt a{'1i,i1y a1 the inclh •id11al sile J,., ... J. 

The pressures of a grO\\,jng global human populaLion have increased raLes of land 
conversion from naLive ecosysten1s 10 hu,nan use \vhile the rate of habitat protection 
re,nains sLaLic (HoeksLra et al., 2005). Land conversion has been particularly prevalent in 
ten1perate grasslands, resulting in precipitous declines in the extent of lhis habitat type 
across rnuch of North A1nerica, Europe, and South America (Askins et al., 2007). More than 
50% of native ternperate grasslands in North America have been converted to hu,nan use 
(Hoekstra et al., 2005). In particular ro,v-crop agriculture has replaced tc,nperate grasslands 
in much of NorLh AJneiica (Askins et al., 2007). For example more than 84% of wesLen1 
Minnesota is dedicated to agricultural producLion (Minnesota Dcparunent of atural 
Resources 2006). 

The loss of grassland habitat has caused con·esponding declines in Lhe populations of 
grassland-specific species (Samson & Knopf, 1994). Obligate grassland-breeding birds, which 
require grassland for all aspects of their life histOJ)' (Vickc,)' et al., 1999), have experienced 
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declines a1nong the n1os1 evere seen for any avian group ( orth An1crican Bird 
Conservation lnitiati\'C U.S. Con11nillec, 2014). 

The issue of habit;ll loss is further compounded in ren1nant grasslands by habitat 
degradation. Barriers to visibility (Eason & Stan1ps, 1992) or 1noven1ent decrease the 

suitability of potential habitat for these grassland specialists (l larris & Recd, 2002; Han1er et 

al .. 2006). \,•hich are adapted 10 open habitats characterized b)' lack of vertical stratification 
(:Vlengel. 1970). For instance the vertical co1nplcxi1y added to the habitat by wood)' 
vegetation has a negative effect on obligate grassland bird occun·enccs (Grant et al .. 2004: 

Thomp on el al .. 2014). Trees and shrubs have been inLroduccd to the grassland landscape 
thro11gh intentional planting and unintended cncroach1nen1 (F11hlendorf et al .. 2002) due 
10 fire 11pprcssion and 1nodificd grazing pauerns (Sain on & Knopf. 1994: ,\skins rt al .. 
2007). Such interference \,•ith natural disturbance regin1e that ha\·c histoiicallr maintained 
grassland also has allo\,·cd the accu,nulation of litter, shn1bs. and taller, denser vegetation 
through the process of -ucce · ion (McCracken and Rowan. 2005: l-lolin1011 et ril .. 2012). In 
addition son1e invasive species such as sn1001h bromc ( 8ro11111s inen11is) con1po11nd the 
strucu1ral issues of succession both through dense gro\,·th pauerns that decrease Lhe 
heterogeneit)' of the habitat and by reducing liner dcco1npo$ition rates (Askins et ol., 2007). 

In particular these stn1cu1ral change reduce the suitability of habitat for those species that 

require shorter. sparser \'Cgctation (Powell. 2006). 

For 111igratorr grassland obligate . the threats of habitat loss and degradation in breeding 
regions have been exacerbated br similar threats experienced during other periods of the 
annual cycle (Faaborg et ol .. 2010: Rcnfre,\' l't al., 2013). For exa1nple in Chihuahua, 
lvlexico-a \\'inte1ing ground for over 90% of 1nigratof)· Great Plains grassland birds-a 
combination of agricultural conversion, desertification. and shrub encroach,nent has 
drastically reduced habitat extent and p1·edicted cari)ing capacity (Pool et nl .. 2014). 
Si1nilarl)·, grasslands of southeastern SouLh An1erica have been severely impacted b)' the 
expansion of livestock. agriculture. and forcSU)' (Azpiro1 rt nl .. 2012). ,\dditional threats on 
\,intering grounds. staging grounds. and 1nigratOI)' routes include exposure 10 toxic 
agrichemicals, illegal capture, and lethal control (Azpiroz et nl .. 2012: Renfrc\,· ti al .. 20 J 3). 

1·0 conserve prairie biodivcrsit)' in general and scnsith·c grassland bird species in 
particular, researchers and 1nanagement agencies frequent!)' dctCnllinc that large natural 
areas of open grassland need 10 be protected (;\skins rt nl .. 2007). Given the vulnerabilit)' of 
grassland bird species throughout their annual cycle and their troubling population 
declines. \,·c \\'Onder if these protected breeding habitats arc continuing LO support tlie 
species. Furthennore. il is irllportan1 to ensure 1101 only the protection of sufficient area of 
habitat, but also that those protected areas pro\�de 1hc necessarr \'Cgetation characteiistics 
for 1he suite of grassland species. Providing appropria1c vegetation is critical for the success 
of grassland bird conservation because vegetation characteristics affect predation, brood 
parasi1isn1. and food availabilit}' n1echanis1ns that have repercussions for habitat use. survival, 
and reproductive success (Rode\,•ald 8.: Yahncr, 2001: l)unford & Freen1ark, 2005: Koper & 
Schn1icgelo\,·, 2006). Ho\vcver. not all birds respond in 1hc san1c \\'ll)' lO these vegetation 
characteristics: vegetation preferences arc species·spccific (Scoll et al .. 2002). \.\1ith this in 
1llind, land ,nanagers need to understand which habitat characteristics arc i1npon.,1.nt for 
their species of interest because n1anage1nent and 1nonito1ing arc both cxpcnsi\·c and labor 
in tensive. 

The objectives of lhis stud}' arc first. to i\SSess breeding population of grassland birds on 
rc1nnant grasslands in south\,'C l :vfinnc ota to dctennine \,·hethcr current available habitat 
continues lo support the c sensiti\'C species, and second. to detennine \,•hich vegetation 
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characte1istics are 1nost important for the occurrence and density of obligate grassland bird 
species on these remnant grasslands. We focused on seven grassland bird species: sedge ,vren 
( Cistothonts paltensis), Savannah spatTO\V (Passerculus sandtvichensis), grasshopper sparro,v 
(A1n1nodra1nus savannanun), I-Ienslo\v's sparrow (A1n1nodra1111ts henslotvii), dickcissel (Spiza 
a1ne1icana), bobolink (Dolichonyx myzivonlS), and ,vestern meado,vlark (Sturnella neglecta). Of 
these seven species, U .S.G.S. Breeding Bird Survey (BBS) records sho,1• that six are declining 
in Minnesota (Sauer et al., 2017) and tJ1e Minnesota Deparunent of Natural Resources (MN 
DNR) has designated six of these as Species in Greatest Conservation Need (MN DNR, 
2016a). 

We chose habitat characteristics to meast1re based on a co,nprehensive re,�e"' (Fisher & 
Da�s. 2010) of vegetation 1neasures studied in conjunction 1vith grassland birds. This re1�e1v 
sho1ved nine variables 1vere especially relevant to occurrence, abundance, and habitat 
selection. These nine variables include percent cover of bare ground, grass, dead vegetation, 
forbs, and shrubs, as 1vell as vegetation density and volume, litter depth, and vegeL<,tion 
height. In addition \voody vegetation is a landscape-scale vegetation characte1istic that can 
influence habitat use and suitability (Grant et al., 2004; Ca plat & Fonderflick, 2009). We 
included measures of tJ1e distance to the nearest u·ee and the percentage of tree cover ,vi thin 
100 m. 

Mt:TI IODS 

S"fl "D\' AREA 

Breeding birds and vegetation ,vere surveyed at 66 grassland sites ,vithin the Prai1·ie 
Parkland Pro,�nce of the MN DNR Southern Region in south,vcstern Minnesota (West: 
-96.835452; East: -93.394982; North: 45.649784; South: 43.440906; Fig. 1). This region of 
Minnesota is 41,970 km2 in area and the region's climate is temperate, 1vitJ1 average annual 
tc1npcratures of 9 C (Minnesota Dcparunent of Natural Resources, 2016b). Average annual 
precipitation is bet,veen 50 and 75 cm (Hanson & Hargrave, 1996). 

Historically this region ,vas characte1ized by tallgrass prairie (Hanson & Hru·grave, 1996) 
but onl)' about 1 % of tJ1e original prairie ren1ains in the Prairie Parkland Pro1�ncc of 
Minnesota (MNONR, 2006). The predominant land use ,vas ro\\·-crop agriculture, 1vith 
greater than 84% of the pro�ncc dedicated to agricultural production (MNDNR, 2006). 
The elevation ranges from 185 to 530 m above sea level. The topography of this region is 
primarily level to gently rolling (MNDNR, 2006) Ho,vever, steeper hillsides and rockier soils 
in tJ,e extre,ne south,vestern Coteau and the Minnesota River Valley regions result in 
reduced agricultural conversion in this portion of the study ru·ea and hence a greater 
concentration of remnant grassland habitat. 

Native vegetation of the region included grass species such as big blueste1n (And1·rtpogon 
gerardii), liule bluestem (Schi1.ach_y1iu1n scof,ariuni), lndiangrass (Sorgliastr1un nutans), green 
ncedlegrass (Nassella viri.dula), and porcupine grass (Hesf,erostipa s,,a,tea) (Niesar & 
Hubbard, 1997) interspersed 1vith forbs such as narro,v-leaved purple coneflo,ver 
(Echinacea angustifolia), ptn-plc prairie clover (Dalea fnl'l"fru:rea), ,vhite prairie clover (Dalea 
candida) and shrubs such as leadplant (Arnorp!ta canescens) and prairie rose (Rosa 
arkansana). Many sites that ive visited ,vere dominated by nonnative or invasive plant 
species such as smooth bromc, Kentucky bluegrass (Poa pratensis), reed canary grass 
(Phalaris arundinacea), Canada thistle ( Cirsi1ii11 arve11se), and yello,v s11•ect clover (Melilotus 
offici nalis). 
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Site selection.-During 2013 and 2014, ,ve surveyed 66 sites ,vilhin the study area. Sites ,vere 
chosen in collaboration \\'ith �1N D R and The 1ature Conservancy (T 1C), on the basis 
that selected sites ,,·ould have the potential to support breeding populations of grasshopper 
spa1TO\\'S (a species of conservation concc111 in Minne ota} and other grassland birds. Vl'e 
used several sources of infonnation to iden tify potential sites. including: (I) core areas and 
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conidors identified in the Minnesota Prairie Landscape Conservation Plan (Minnesota 
Prairie Plan Working Group, 2011 ); (2) Grassland Bird Conservation Areas (Granfors, 
2010a; Johnson et al., 2010); (3) areas predicted by habitat models as likely to harbor 
grasshopper sparrows (e.g., Qua1nen, 2007); (4) areas where grasshopper sparrows had been 
recorded consistently by the Minnesota Breeding Bird Atlas project, Minnesota Biological 
Su1vey, eBird, or the BBS; (5) addi lion al areas ,vith reported grasshopper sparrO\\' 
occurrences and suitable habit.at such as Important Bird Areas (IBAs); and (6) U.S. 
Department of Agriculture's Cropscape <lat.a files that identified rc1nnant grassland. Forty 
acres (16.2 ha) 1vas set as the minimu1n-area threshold to represent the smallest area of 
grassland typically 1nanaged as a single unit ,vithin our study area. Sites 1vere selected to 
represent a broad range of geographic extent, landscape types, habitat characteristics, 
anticipated abundance of grasshopper sparro1vs, and o,mership. 

Of the 66 sites visited, 45 ,verc on public lands, 16 1vcre privately O\\rncd, and five \\•ere 
O\\rncd by The aturc Consc"•ancy. We visited 44 sites in 2013 and 45 sites in 2014, "�th 23 
sites visited in both years. Each site ,vas ,,jsited only once during a breeding season given 
occurrence rates for grassland bird species increase only 1narginally ,,�th a second visit 
(Quan1en, 2007). Exceptions "'ere n1ade ,vhen the first ,�sit occurred under 1narginal 
"·cat11er conditions (i.e., higher t11an usual ",jnds or light precipitation that did 1101 exceed 
l11c thresholds for ending the su"•ey) or during t11e first ,veek of each field season, ,vhen 
observers ,verc fa1niliarizing l11emselves ,,�m survey 1nethodology. When t,vo su1,•C}'S \\•ere 
conducted al a site, ,vc used results fron1 only one su1vey for each species. Whet11er ,ve used 
me first or second visit was detcnnined by ,vhemer the species of interest ,vas considered an 
early-season breeder or a late-season breeder (as defined by Igl & Johnson, 1997). 

Bird su1veys.-Breeding bird su"1eys ,vere conducted in 2013 and 2014 from late May to 
early July, ,vhich coincides ,vitl) the peak breeding season of most breeding birds in this 
region. Surveys ,vere conducted bet1veen 30 min before sunrise and 1000 to coincide ,vith 
peak hours of bird acti\rity. Counts of birds ,vere based primarily on the number of breeding 
pairs on te1Titories or borne ranges. Generally, nearly all indicated pairs ,vere observed as 
ten·itorial males or as segregated pairs. We used the totaJ-arca count rncthod for su,,,eying 
breeding birds; this is a rninor 1nodification of me su;p-transect procedures used b}' Ste\\>art 
& Kantrucl ( 1972) and Igl &Johnson (1997). Each site \\'3.S surveyed by one or l\\'O obsc"•crs 
11""< 1lking slo,vl)' (1.0-J .5 km 11-•)  on foot and documenting all birds encountered. This 
method allo,vs one or nvo observers to efficiently cover one large field or several smaller 
fields "·ithin four hours after sunrise. Suip ,vidth varied depending on field size and shape 
but never exceeded I 00 1n on either side of l11e transect line. Transects "'ere spaced 200 1n 
apart so that there ,vas no overlap in survey area. As rcco1nmended by Stc,vart & Kantntd 
( 1972), deviations fro111 the route ,verc allo,ved and ,vere so1neli1nes necessary to adequately 
s111vey all portions of the fields (e.g., in rolling topography, around large ,vetlands) or to 
u-ack do,vi, elusive indi\riduals to confi1m identification. Large or ,vidc-ranging birds (e.g., 
1-aptors) that Oush from the field upon me observer's arrival or during the survey ,vere 
recorded as being ,vit11in the field. In fields mat ,vere su1,1eyed by nvo obser,•ers, observers 
coin pared field notes at the end of the survey to prevent duplication in the counts of large or 
,vidc-ranging birds. 

HatJitat 111eas1tres.-We collected data on habitat characteristics to relate the occurrence 
and abundance of breeding grassland birds 10 a variety of habitat characteristics at several 
scales. We returned to sites for vegetation su"•eys after l11e initial bird surveys. 

The number of points sampled along each transect ,vas proportional to the square root of 
the transect length, ,vith a starling density of t,vo points for every l 00 m. This method 
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allO\\led for 1nore sa1npling points at larger sites, ,vhile accounting for expected ho1nogeneity 
\Vithin the site. The first san1ple point along each transect \\'<IS dctennined rando,nl)', "'ith 
the first sa1npling point falling bet\vcen O and 50 m fro1n the start of the transect. The 
remaining points \,•ere spaced at equal intervals along the transect. 

We assigned each transect to one of three broad habitat classes based on vegetation 
characteristics and other environment.al factors (e.g., MN D R. 2009; Ste,vart and Kanu1.1d, 
1971, 1972): upland grassland, lo\v grassland, or \,·et meado"'· 'A'hen 1nore than one of these 
habitat classes "'as present, onl)· the class that covered the greatest area \\'as recorded. At 
each sampling point, \,·e collected inforrnation on local features to assess habitat condition. 
Local features included height, height-density (\lisual Obsu·uction Readings [VORs); Robel 
el al., 1970). liuer depth, and visual estimates of the cover of dominant vegetation (grass, 
forb, shrub, dead vegetation [OeadVeg), and bare ground [BareGround)) in a 4 1n radius 
circular plot around the sampling poin l, percent tree cover within l 00 111 of the poin l 
[TreeslOO), and distance to nearest tree [DistToTree). Su1n1nary information for these 
vegetation valiables is included in Table I 

Because birds were recorded along belt transects ,vhereas vcge1a1ion 1neasure1nents \vere 
recorded onl)' for points along the center of each transect, and due to the heterogeneity of 
rnany of our sites, the conditions encountered by birds could vary appreciabl)' fro1n the 
recorded vegetation 1neasure1nents. For instance we recorded so,ne unusually high litter 
depths (above 15 c1n) that mar have been restlicted to onl)' a sn,all portion of the total area 
su 1veyed. 
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Yl'e ran st.atistical analyses in progran, R version 3.1.1 (R Core Team 20 I 2) using the 
packages car (Fox & Weisberg 201 J ), zoo (Zeileis & Crothendieck 2005), and ggplot2 
(Wickhani and Chang 2014). 

We calculated densities of individual species and grassland birds as a con1positc group by 
dividing the nu1nber of b1·eeding pairs per transect survey area, ,,,hich "'as calculated as 
transect length x ,,,idth. \Ale report densities as pairs per 100 ha. 

As a 1neasure of linear association bet,veen species and vegetation va,iables, "'e calculated 
correlation coefficients. We assessed cu1vilinear relationships by plouing density of each 
species of interest against each vegetation 1neasurement and using locall)' ,veighted 
scatterplot smootJiing to fit cun•es to the plots. We used loess.as fron1 the fANCO\!A package 
(Yl'ang 2010) in R ,vith the span for each plot chosen LO n1ini1nize AJC,. We also conducted 
unpaired L1'10-sa1nple t-tests to evaluate the differences in dist.ance to nearest u·ee bet\\·een 
transects \\'ith and ,vithout each species. 

Rf°SL'I.TS 

On average, our sites contained a 1nean of 4.5 (:!:3.1 c;n) transects. These transects ,,,ere a 
1nean length of572.6 (:!:166.9 sn) 1n, representing a rnean surveyed area of 37.4 (:!:20.3 sn) 
ha per site, though contiguous grassland area per site was considerably larger but difficult to 
quantify. 

During tJ1e 2 y of our study 1ve recorded a total of 2967 grassland birds: 293 sedge ""·ens, 
212 Savannah spa1..-01vs, 610 grasshopper sparrO\\'S, 11 I Henslo\\1's sparro,vs, 255 dickcissels, 
I 190 bobolinks, 129 1vesten1 meado,vlarks, and 167 individuals of other grassland bird 
species. This resulted in mean abundances per site of 4.4 (:!:8.1 sn) sedge ,vrens, 3.2 (:!:6.0 
sn) Savannah sparro,vs, 9.2 (:!:15.3 sn) grasshopper sparro,vs, 1.7 (:!:3.3 sn) Henslo"r's 
spa1To1vs, 3.9 (:!:7.9 st>} dickcissels, 18.0 (:!:26.8 sn) bobolinks, and 2.0 (:!:3.6 sD) "'estern 
meado\\• larks. 

Mean densities per 100 ha \\•ere as follo"•s: 8.33 ( :!: 16.27 sn} sedge \\•rens. 5.80 ( -!-12.04 sn) 
Savannah sparro,vs, 14.89 (:±: 19.46 s1>) grasshopper span·ows, 3.06 (:!:8.91 sn) l ·Ienslo"' 's 
span·o,vs, 7.17 ( + 15.61 Sil) dickcissels, 33.38 ( +32.67 Sil) bobolinks. 3.56 ( :!:6.69 so) westen1 
meado,vlarks, and 66. I I (:!:50.26 s1>) total grassland birds. 

As a group grassland birds sho,ved positive linear associations ,vith greater distance to 
tTecs, fewer Lrees ,vithin 100 1n, and less bare ground (Table 2). Grassland bird density ,vas 
slightly higher at intermediate values of liuer (Fig. 2A) and increased "ritJ1 increasing 
vegetation height up to 60 cm (Fig. 28). Grassland bird density peaked at sites ">ith about 1 % 
bare ground (Fig. 2G). Grassland bird density ,,ra.s negatively related Lo trees (Figs. 21, J). 
Grassland bird density ,vas slightly higher at sites 11-ith very fe"' shn1bs (Fig. 2E). Grassland 
bird density decreased 11'itJ1 increasing dead vegetation LO about 10% dead vegetation (Fig. 
2F). 'fhe overall density of all grassland birds ,vas relatively unaffected by gi·ass cover (Fig. 
2C), forb cover (Fig. 2D), and VOR (Fig. 21-I}. 

Sedge \\•ren density sho\\•ed linear con·elations 1vith taller, denser vegetation that included 
1nore standing dead vegetation. less bare ground, less shn1bs, and more forbs and liuer 
(Table 2). Sedge ,vren density increased slightly 11-ith increasing liner (Fig. 3A). Sedge 1\lfen 
density increased "'ith increasing vegetation height to about 60 c1n (Fig. 3B) and "'ith 
increasing forb cover (Fig. 3D), dead vegetation (Fig. 3F). and VOR (Fig. 3H). Sedge 1\'l·en 
density decreased \\•ith increasing grass cover (Fig. 3C) and \\"as highest at sites "�th no shn1b 
cover (Fig. 3E). Sedge \\Ten density ,vas relatively unaffected by bare ground (Fig. 3G), 
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·r,m • 2.-Correlation co('fiici,·nh b,·1w,..-1 1 1h,· dt·nsi1it·, ol f!r:1,,lancl bird, ol i,11,·r,·,1 and tht· habi1a1 
,-arh,hks. ( :rn,,land bird ,per i1·, :11 ·,· li,11·cl 11,i11g ,1andardi1t·d rour-knt·r alph:i rocl,·, (.vr 1·ahk 3) 
.\1.1.CR.\S� rl'f('rs 10 Lhe con1posi1C· ol all f!l�1s,l:rncl hircl spC'ci<·<. S1a1is1iralh· ,if!11ilic:in1 ,-ahrt·s (I' < 0.0:>) 
art: 111ark,·cl \\'ith an ,L�terisk 

S1><·ci,· , l.in,·r Hl'igl11 Cr.,,, Fo,h, 'ihr11h l),·atl\'.-i; n.,n·( ,rn1111tl \ '()� l>i,1T0Trl'l' Tn·,•, ICJII 

Sl::\\'R 0.12* 0.32• -IJ.10 0.12• -0.13* 0.17• -0.1 ·1• 0.30• 0.06 -0.09 
S, \ \'S 0.00 -0.0!1 0. 1 1"' -(UM -0.16* -0.07 -0.03 -0.12* 0.21 • -0.17* 
CRSI' -0.08 -0.2:>* 0.00 0.0:1 o.o:, -0.0:> 0.0:1 -0.22• 0.:10• -0.23* 
HESP ().()) 0.0) Cl.Cl:\ ().()(j -0.()i) -0.08 -0. 1 1  ().()!] 0.10 -0.09 

DICK O.IM 0.03 -0.08 0.()) -0.113 0.1 ·1* -0.1 1• 0.1  :1• 0.12• -0.08 
H(>B() () .() . .f 0.03 0.11!) 0.00 0.112 -0.18* -II. I II -11.07 ll.2:,• -0.27* 
\\'E�t E -0.0!1 -0.06 11.12• -0.01 -0. I Cl -11.20• o.o:, 0.111 0.12• -0.17* 
. \I.LC;R. \SS 0.07 0.10 ().()!> O.Oti -0. I 0 -IJ.08 -0.19* 0.07 0.:12• -0.30* 

distance to trees (Fig. 31), and trees ,vithin 100 111 (Fig. �)). Sites \\ith and ,,ithout sedge 
,vrens did not differ significantly in Lenns of distance to trees ( 1  =-0.99. df = 299, P = 0.326: 

Fig. I 0). 
Savannah sparro,\'s had highest densities aL sites farther frorn u·ees, and ,�th less standing 

dead vegetation, fewer shrubs, and rnore gi-ass cover (Table 2). Savannah spa1To,v density 
increased "'ith increasing gr-ass cover be)'ond about 70% gi-ass cover (Fig. 4C) and \\1th 
greater distance to trees (Fig. 41). Savannah spa1TO\\' density peaked at about 5% dead 
vegetation (Fig. 4F) and I% bare ground cover (Fig. 4C). Savannah sparro,v density \Vas 

highest ,vhere sh1·ub cover "'as minimal (Fig. 4E). Savannah sparro\,· density decreased ,�th 
increasing \TOR (Fig. 4H) and \\�th increasing forb cover 10 about 20% forb cover (Fig. 4D). 
Savannah spa1-ro,\' densiLy decreased slightl)' "'ith increasing height (Fig. 4B). Savannah 
sparro,vs ,vcre altnost ah,·ays absent ,vhen tree cover exceeded 7% (Fig. 4J). Savannah 
sparro,\' density ,vas relatively unaffected by litter depth (fig. 4A). Sites ,�th Savannah 
sparTo,vs ,vere significan1ly farther fron, trees than sites without Savannah span·o,vs (I = 
-3.01, df = 299, P = 0.003; Fig. I 0). 

Grasshopper spa1-ro,v densities sho,ved linear correlaLions "ith distance fro1n trees and 
shorter, sparser vegetation (Table 2). Grasshopper spa1To,v dens ity peaked at abouL 4% 
sl1111b cover (Fig. 5E). Si1nilarl)', lo"· cover by dead vegetation corresponded to higher 
gi-asshopper sparro"· densities (Fig. 5F). The relationship bct"·een grasshopper sparrO\\' 
dens ity and bare ground was cut"\ilinear, \\ith grasshopper sparro"' den sity peaking at about 
8% bare ground (Fig. 5G). Because the relationship "'as cunilinear the linear correlation 
,vas not s ignificant (Table 2). 'A1hereas gi11sshopper spa1-ro,v density did not sho"· a clear 
linear correlation \\ith litter depth (Table 2), there was a noticeable pauem that, above 
about 5 cn1 of litter depth, grasshopper spa1To,v density declined slightly (Fig. 5A). 
G111sshopper sparro"' density also declined ,vith height, especiall)· up LO about 45 c,n (Fig. 
5B). Grasshopper sparro"' den sity decreased ,�th increasing Visual Obstruction Readings 
(Fig. 5H), consistent \Vilh the linear relationship (Table 2). Also grasshopper sparro,v 
densil)' decreased as tJ1e proportion of trees "ithin l 00 1n increased (Fig. 5J) and 
analogously increased \\ith increasing distance from nearest tree (Fig. 51). Grass and rorb 
coverage did not sho\\' any relationship "'ith tJ1e density of grasshopper spa1Tows (Figs. 5C, 
D). Sites \\ith grasshopper spa1-ro,\'s ,vcre significantly farther fro1n trees than sites \,itJ1out 
g1-asshopper sparro,vs (l= -7.48, df= 299, P < 0.001; Fig. 1 0). 
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Species: Present.Absent 
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GRSP 
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HESP 
Species 

* 

DICK 

* 

I 

BOBO 

181 

* 

WEME 

F11:. 1 0.-1\lean dis1anc<· 10 nearest 1n·t· (1n) of transt·c1s with and "i1ho111 the indicated spt:cit's of 
gra.•,$lancl hird al sites s111Yt·yed in 20 I :1 and 20 I 4 in son1hwcs1t·rn 1\linnesota. (;ras.<land bird species are 
listt·d using s1andardi1.ed ,J.Jcuer .\n1cric;in Ornithological Society (fonn(·rly .\n1t,rican OrnithologisLs 
Lin ion) alpha cod,,s. 1\s1crisks indicatt· :1 significa111 cliITcrt·ncc ( P < ().():,) l>t·t\\·een the distances to 
ncarcs1 1rec based on unpaired 1wo-sa1nple /-1csts; error bars represent 9:>% ronliclencc intc1,·,1ls. 

We ,vere unable lO detect linear or nonlinear relationships betw<::en Henslo,v·s sparro,v 
density and our measures of vegetation, possibly as the result of sn1all numbers of the species 
(Fig. 6). Ho,vever, sites ,vith Henslo,v's spa1To1vs "'ere significantly farther from u·ees L11an 
sites ,vithout Henslo,v·s span·o,vs ( t = - 2.38, df = 299, P < 0.018; Fig. l 0). 

Dickcissel densities ,vere highest at sites 1vith a higher percentage of dead vegetation, 
denser vegetation, greater distance to trees, and less bare ground (Table 2). Dickcissel 
density "'as slightl}' higher at intermediate values of vegetation height (Fig. 78). Dickcissel 
density increased slighlly \\tith greater grass cover (Fig. 7C) and \\<ith higher percentages of 
shn1b cover (Fig. 7E) and bare ground (Fig. 7G). Oickcissel densil)' increased \\<ith 

increasing VOR to a VOR value of about 5 (Fig. 7H). Dickcissel densil)' increased ,vith 
increasing distance to lrees (Fig. 71) and decreased ,vith greater u·ec cover ,vit11in l 00 m up 
lO 5% lree cover (Fig. 7J). Dickcissel density ,vas re la lively unaffected by litter depl11 (Fig. 
7 A), forb cover (Fig. 70), and dead vegetaLion (Fig. 7F). Si Les ,vith dickcissels ,vere 
significanlly fart11er from trees than sites ,viLhout dickcissels ( I= -3.45, df = 299, P = 0.001; 

Fig. 10). 

Bobolink densities showed a linear correlalion ,vith greater distance fron, trees and I0\\1er 
percentage of slanding dead vegetation (Table 2). Bobolink densily increased ,vith 

increasing liuer depth to about 5 or 10 c,n, and possibly declined thereafle1· (Fig. 8A). 
Although the range in height \\"a.S li1nited, there is son1e suggeslion that bobolink density 
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n1ay increase 10 about 35 crn (Fig. 8B). Bobolink densil}' increased up to about 2% bare 
ground cover. then decreased 10 about 4% bare ground, after \\1hich densit}' ren1ained 
cons1an1 (Fig. 8G). Bobolink density increased \\�th increasing distance 10 nearest tree up 10 
about 200 111 (Fig. 81). Bobolink density decreased "'ith increasing proportion of trees \\�thin 
I 00 m to about I 0% tree cover (Fig. SJ). Bobolink den sit}' decreased \\'ith increasing dead 
"ege1ation to about 15% dead vegetation, after \Vhich the density \,·as relalivel}· stable (Fig. 
8F). Bobolink densil)' \\1clS relatively unaffected by grass CO\'er (Fig. SC), forb cover (Fig. 80), 
shrub cover (Fig. 8E). Sites \Vith bobolinks were significantly farther from trees than sites 
\\�thou1 bobolinks ( t = -4.87, elf= 299, P < 0.001: Fig. I 0). 

Higher densities of wes1e111 rneado"•lark "'ere n1os1 closel)· associated \Vith greater 
distances 10 trees and less bare gi·ound (Table 2). Slight positive relations \1•ere found \1'ith 
grass cover (Fig. 9C) and distance to trees (Fig. 91). \Ves1ern mead0\1·lark density peaked 
\\•itl1 1ninimal u·ee cover (Fig. 9J). v\les1e111 1nead0\1·lark density decreased slighlly \1itl1 
greater litter depth (Fig. 9A), vegetation height (Fig. 9B), and dead vegetation (Fig. 9F). 
Wcster· n 1neado\vlark density \vas IO\\'er \,•here shrub cover exceeded 7% (Fig. 9E). Wes1en1 
1neadowlark density \\aS relatively unaffected by vegetation height (Fig. 9B), forb cover (Fig. 
90), bare ground (Fig. 9G), and \TOR (Fig. 9H). Sites \Vith weste1·n 1ncado\v larks were 
significantly farther from trees than sites 1vithout \vestcm rneado,vlarks ( t=-3.58. elf= 299, P 
< 0.001; Fig. 10). 

Our resultS demonsu-a.1e that obligate grassland birds arc 111aking use of remnant prairies 
in south\,·estc111 tvlinneso1a. An earlier study by Quamen (2007) found so1newha1 higher 
densities of five of our seven species in 2003-2005 (e.g., an average of 20-25 grasshopper 
spa1To,,•s per 100 ha), consistent ,vith continued declines of grassland birds in the 
intervening decade. Densities of "'CStern 1neado"•larks "'ere fair!)· con1parable be1,,·een the 
L\VO studies \\Tith a mean of three 10 six birds per 100 ha in Qua,nen · s study versus tJ1ree and a 
half birds per 100 ha in our surely. Densities of the seventh species- Henslo,v ·s sparTO\\"­
,vere not analyzed as part of Qua1nen 's stud)'· Ho,vever, population le\'els of tJ1is species 
appear to respond to significant expansion and contraction of g1-assland acreage enrolled in 
the Conservation Reserve Progra1n (CRP), ,vhich in 1u111 has responded to crop prices 
(Cooper 2012). The period from 2007 to 2016 sho,ved a marked contraction ofCRP lands 
nationally (FSA 20 1 6a), and Minnesota alone lost almost 37% of its CRP acreage (FSt\ 
20 16b). Thus ,l'e expect that our reported densities for Henslo"·'s sparro,l's rnay be lo,ver 
tl1an densities in the years preceding our study (fro1n roughly 2005 to 2012). onetheless, 
our observations provide evidence that the ren1aining re1nnant p1-airies that ,,·e visited 
continue to support this and other gr-assland breeding bird species. 

\.Ve found evidence of both linear and curvilinear relationships betl'.'een bird densities and 
vegetation charac1e1istics. As expected these responses \1·ere species-specific. Ho\\•ever. 
grassland bird densit)' as a whole 1vas representative in that it sho,vcd significant 
relationships ,vith those vegetation characteristics n1ost frequently i1npor1an1 10 indi1�dual 
species. Most notably, ,ve found a uniforrn, negative response 10 u·ees. Densities of almost all 
species sho,ved significantly negative correlations ,vith percent tree cover 1vitJ1in 100 m, and 
sigi1ificanLly positi,·e correlations "•ith distance 10 nearest tree. In addition sites that had a 
particular species of bird "·ere, on average, fartJ,er fro,n trees (fig. I 0) and had less tree 
cover. These site differences ,,·ere consistent among species, though not sigi,ificantly so in 
the case of sedge "'rens (or for dickcissel. for percent tree cover). This finding, that tJ1e 
distance 10 trees or percent cover of trees arc particularly closely associated "'ith the densit)' 
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and occurrence of grassland birds, supporlS pre,�ous studies docu,ncnting the negative 
itnpaclS of trees on grassland birds (Grant et al., 2004; Tho,npson et al., 2014) and the 
positive impacts of u·ee-removal on these species (Qua1nen, 2007; Thornpson et al., 2016). 

Consistent with Lhe su1nmary by Shaffer et al. (2015b), we found that tall, dense vegetation 
,vith a high percentage of forb cover is i,nportant for the sedge ,vren. We found dead 
vegetation and liuer depth ,verc possibly more ilnportant than forb cover. This positive 
relationship "�th residual vegetation also ,vas noted by Herker t el al. (2001). 

S,vanson's (2015) su1n1na1)' of the SavannaJ1 sparro,v's habitat needs suggested that litter, 
height and density (VOR) are i1nportant for this species. We found Savannah sparro,v 
density was negatively correlated with VOR but not affected by height or liucr depth. 
Instead. ,ve obse1,1ed negative correlations ,vith trees and percent shrub cover and a positive 
con·elation \\1th percent grass cover. all of ,vhich arc correspondingly considered i1nportant 
in the Birds of North Ame1ica account of tJ1is species (v\lheehvright & Rising, 2008). 

We found grasshopper spa1To,vs ,vere negatively associated 1vilh vegetation height, as did 
Shaffer et al, (2015a). This pattern also seems appropriate because, above a certain 
vegetation height, 1ve typically did not encounter many obligate grassland bird species. 
Shaffer el al, (2015a) identified litter depth and shrub density lO be particularly in1portant 
vegetation characteristics for this species, and Vickery ( 1996) additional!)' noted a negative 
relationship ,vith shn1b density. In contrast our results sho1,1ed a non-significant con·elation 
\\

1itJ1 percent shn1b cover, but a pauern of slighlly higher densities of grasshopper spa1TO\\'S 
al very lo,v levels of shrub cover l11an at higher levels of shrub cover or no shrub cover. A fe"' 
shn1bs or other tall vegetation ,nay provide 1nalcs ,vith singing perches necessa1)' for tcrd1ory 
establishment and defense, but 1nore than l11al rnay be a deterrent for u1e species (Slater, 
2004). J n addition our results indicate l11a1 rrees on the landscape are negatively con·elated 
,vith grasshopper sparro,v density. This finding supports previous suggestions (Vicke1)', 1996; 
Shaffer et al., 2015a) that open grasslands are important for this species. Our results sho,ved 
several individual transects that have much higher than expected grasshopper sparro,v 
densilies given tJ1e proximity lo a tree (Fig. 51), but a single small tree nearby could be less 
problema1jc than n1any u·ees farther a\\'a)'. Our exa1nination of curvilinear relationships also 
indicates l11a1 a small an1ount of dead vegetation 1nay be beneficial lo l11e grasshopper 
sparro"' (Fig. 5F), perhaps because it corresponds with a period lengl11 of time since last fire 
or other disturbance event (Dechant et al., 2002). Si1nilarly, some bare ground (about 7-9%) 
corresponds 1vilh higher grasshopper sparro,v densities, probably because a small amount is 
good for foraging, but ,vith too much the birds are exposed and may nol have enough cover 
for nesting (Whiunore, 1981). 

For Hcnslo,v's spa,,-o,vs, our resulLS sho,ved no significant correlations ,villi the l'Cgetation 
characteristics tJ1at 1ve n1easured, in contrast to J-lcrkerl (2015). Ho,vever, l11e species has 
recently re- colonized our study area (Herkert el <ll., 2002) and ,vas uncommon in our 
s111,1eys. We suspect l11al l11e species may be too uncom1non lo occupy all sites that provide 
preferred habitat, as is reflected by ils endangered status \\>ithin Minnesota (MNDNR , 
2016a). 

The vegetation characteristics that "·e found to be con·elated with dickcissel density 1vere 
dead vegetation, bare ground, VOR, and distance lO Lrees. Similarly, Shaffer el al. (2015c) 
identified height and density (VOR) as imporLant for this species. They also concluded l11at 
litte,· depl11 and forb cover are in1portant habitat characteiistics. Te1nple (2002) supported 
our finding lhal proxi1nit)' to u·ees is negative for this species. However, Temple (2002) also 
identified density, height, liuer. and forb cover as in1portanl vegetation characteristics. 
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For the bobolink. ,,·e found thal 1he ke)' vegetation characteristics correlated ,vith 
breeding pair density \\'ere the absence of both trees and dead vegetation. In conu-ast the 
sum,nary b)' Shaffer el al. (2015d) identifies vegetation height and density, and liner, forb, 
and shn1b cover as ker ,·egetation characteristics for this species. The Birds of orth America 
account by Renfrew el al. (2015) ,vas consistent \\�th our findings and identified a high 
proportion of non-forested habitat as an itnportant component of bobolink habitat. 
Furthe,more, in agreement "'ilh the Shaffer el al. (2015d) sum,nary, Renfre\\' et <ii. (2015) 
found density, litter, and forb cover to be i,nportant. In accordance ,i1h our finding that 
dead vegetation was negatively correlated ,vith the densiL)' of grasshopper spa,,.o,vs, Renf,ew 
el al. (2015) identified hay fields n1ore than eight years since plo,ving or reseeding as suitable 
habitat for this species, and such sites ,nay be more likel)· LO have residual dead vegetation if 
they "'ere not 1110,,'ll during the pre,�ous fall or sp1ing. 

Consistent ,vith Shaffer et al.'s (2015e) su,nmarr of the weste1'll 1neado,,•lark and Oa,�s & 
Lanron (2008), '"e found that absence of u·ees and a high percentage of grass cover are 
correlated ,vith the density of this species. Although Shaffer el al. (2015e} and Da�s & 
Lanyon (2008) concluded that a high litter co1nponent (litter depth and cover), is 
important for this species, ,ve did not find this to be the case in our l\1innesota study sites. 
Ho"·ever, we did find that residual dead vegetation, ,vhich often co- occurs ,vith high liner, 
was negatively correlated ,,�th western meado,vlark density. 

In s111n1nar)' "·e "·ere able to find breeding populations of obligate grassland birds on 
remnant prairie in south,,·estern tvlinncsota. Protecting prairie conLinues to be critical for 
Lhc conservation of grassland birds: 1nanaging for different vegetation characteristics can 
allo,v natural resource professionals to favor selected species. Although our results are 
generall)· consistent ,\'itJ, previous accounts of vegetation characteristics preferred b)' each of 
these species, tJ1e lo," correlation coefficients and tJ1e ,vide variation in our results indicate 
tha1 n1ost species tolerate a ,.,.ide range of habitat conditions. The ,najor exception, ho"•ever, 
is tJ1a1 grassland birds generally responded negati\'ely 10 the presence and proxin,ity of u·ees. 

lvf \:--.\t:t \lt::S1 1�11'1.1< \TIONS 

Because different species have different habitat associations (Scon et al., 2002), local 
populations of different species arc likel)' to respond differcntl)' Lo different ,nanagement 
practices (Wiens & Rotenben')', 1981). Our findings support the idea that it is in1porLant to 
maintain a range of vegetation characteristics on the landscape in order LO support the 1nost 
grassland species (Vickery el al., 1995). Ho,vever, it is also i1nportan1 to note that such 
heterogeneity needs to be n1aintained at a landscape-Je,·el rather than '"ithin gi-assland plots 
10 avoid patchiness that reduces grassland bird densities (Wiens, 1974). Therefore, "'e 
suggest coordination in the 1nanage1nent of adjacent grassland patches LO develop a n1osaic 
of vegetation characteiisLics suitable for conservation of the full suite of grassland bird 
species. At a site-by-site level, the n1ost c,·itical managc,nent acthity 10 support g1-assland 
biodiversity appears to be u·ee conu·ol or re1noval. 
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