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Awtacr.—Conseration of obligate grasshnd species requires not only the protection of a
stlficiemly aege area of habitathut also the inailability of necessary vegettion characterisiics
For particubar species. As a result land managers mast undlerstand which habit characterisiics
are important for their arget species. To kdemify the habitat associions of eight species of
grassland birds, we conducted hird and vegetation strveys on 66 grassland hahitu patches in
sotthwestern Minnesota in 2013 amd 2014, Species of interest included  seclge  wren
( Cistothorus  pinteosis). Savannah sparvow  (Passerculns swniblwichensiz). grasshopper  sparrow
{Ammadramns swninnaruny, Henslow's sparrow  (Ammodramus henslowit), clickeissel  (Spza
maevicana) . bobolink (Dolickonyx wyzivorus), and western meadowlwk (Sturetla neglecta). We
calculated  correlmiou coefficiems hetween vegetation viwiahles and  species density ay
measures of linear association, We assessed cnwvilinear relationships with loess plots, e
found grasshnd birds on 95.5% of surveved sites, indiciting remmant prairic in sowhwestern
Minnesota is used by grasshand birds. In general individual species showeel cdifferent patterns
of association ancl most species were 10lerant of a wide variey of habitin concditions. The maost
coONSISIEN! pattern wis e negative association with hoth the quanty ad proximiy of irees,
Our findings 1hat judistdual species have dilferent hahitat preferences sngges: that prairie
resource managers nay need o coordinaie management ellfons in order to oreate i nosaic of
habitat types to support muliple species, though nee control will e an importiam and
ongoing management aciivitv at the individual site level.

INTRODUCTION

The pressurcs of a grewing global human population have increased rates of land
conversion from native ccosystems 1o human usc whiic the rate of habitat protection
remains static (Hockstra ¢ al,, 2005). Land conversion has been particularly prevalent in
temperate grasslands, resulting in precipitous declines in the extent of this habiat type
across much of North Amecrica, Europe, and South America (Askins # al,, 2007). More than
50% of native temperate grasslands in North America have been converted to huinan use
(Hockswra o al., 2005). In particular row-crop agriculture has replaced wmpcerate grasslands
in much of North Amecerica (Askins et al.. 2007). For example more than 84% of western
Minnesota is dedicated to agricultural production (Minnesota Department of Natural
Resources 2006).

The loss of grassland habitat has causcd corresponding declines in the populations of
grassland-spccific species (Samson & Knopf. 1994). Obligatc grassiandbrecding birds, which
requirce grassland for all aspects of their lifc histery (Vickery ef af,, 1999), have experienced
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declines among the most severe scen for any avian group (North American Bird
Conscervation Initative ULS. Committee, 2014).

The issue of habitat loss is further compounded in remmant grasslands by habitat
degradation. Barriers (o visibility (Eason & Swamps, 1992) or movement decrease the
suitability of potental habitat for these grassland specialists (Harris & Reed, 2002: Hamer o
al.. 2006), which arc adapted to open habitats characterized by lack of vertical strattfication
(Mengel, 1970). For instance the vertical complexity added 1o the habitat by woody
vegetation has a negative cffect on obligate grassland bird occurvences (Grant ¢f al.. 2004;
Thompson e al.. 2014). Trees and shrubs have been introduced to the grassland landscape
through intentional planting and unintended encroachinent (Fuhlendorf e al.. 2002) duce
o fire suppression and modified grazing pautterns (Sammson & Knopf. 1994: Askins ¢ al..
2007). Such interference with natural disturbance regimes that have historically maintained
grassland also has allowed the accumulation of litter, shimbs, and taller, denser vegetation
through the process of succession (McCracken and Rowan, 2003: Holimon e «f.. 2012). [n
addition some invasive species such as smooth brome (8romus inermis) compound the
structural issues of succession both through dense growth patterns that decrease the
heterogenceity of the habitat and by reducing litter decomposition rates (Askins et af,, 2007).
In particular these structural changes reduce the suitability of habitat for those species that
require shorter, sparser vegetation (Powell, 2006).

For migratony grassland obligates. the threats of habitat loss and degradation in breeding
regions have been exacerbated by similar threats experienced during other periods of the
annual acle (Faaborg ef ol. 2010: Renfrew ef al, 2013). For example in Chihuahua,
Mexico—a wintering ground for over 90% of nigratory Great Plains grassland birds—a
combination of agricultural conversion, desertification, and shrub encroachment has
drastically reduced habitat extent and predicted cariyving capacity (Pool «t al,, 2014).
Similarly, grasslands of southcastern South America have been severely impacted by the
expansion of livestock, agriculture, and foresiry (Azpivoz o al.. 2012). Additional threats on
wintering grounds, staging grounds, and nigratory roultes include exposure to toxic
agrichemicals, illegal capture, and lethal control (Azpiroz o al. 2012: Renfrew ef al., 2013).

To conserve prairie biodiversity in general and sensitive grassland bird species in
particular, rescarchers and imanagement agencices frequently determine that large nawral
arcas of open grassland nced 10 be protected (Askins ef al.. 2007). Given the valnerability of
grassland bird species throughout their annual cycle and their woubling  population
declines. we wonder if these protected breeding habitats are continuing to support the
species. Furthermore. it is important to ensure not only the protection of sufficient arca of
habitat. but also that those protected arcas provide the necessary vegetation characteristics
for the suite of grassland species. Providing appropriate vegetation is critical for the success
of grassland bird conscivation because vegetation characteristics affect predation, brood
parasitism. and food availability mechanisins that have repercussions for habitat use, survival,
and reproductive success (Rodewald & Yahner. 2001: Dunford & Freemark, 2005; Koper &
Schmiegelow, 2006). However, not all birds respond in the same way to these vegetation
characteristics: vegetation preferences are species-specific (Scott o al, 2002). With this in
mind, land managers need o understand which habitat characteristics are iimportant for
their species of interest because manageinent and monitoring are both expensive and labor
intensive.

The objectives of this study are first, 10 assess breeding populations of grassland birds on
reimnant grasslands in southwest Minnesota o deteninine whether current available habitat
continues to support these sensitive species, and second. © determine which vegetation
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charactenistics are most important for the occurrence and density of obligate grassland bird
species on these remnant grasslands. We focused on seven grassland bird species: sedge wren
(Cistothorus pallensis), Savannah spatrow (Passerculus sandwichensis), grasshopper sparrow
(Ammodramus savannarum), Henslow's sparrow (Ammodramus henslowiz), dickcissel (Sprza
americana), bobolink (Dolichonyx oryzivorus), and western meadowlark (Sturnella neglecta). Of
these seven species, U.S.G.S. Breeding Bird Swivey (BBS) records show that six are declining
in Minnesota (Sauer ef al, 2017) and the Minnesota Departinent of Natural Resources (MN
DNR) has designated six of these as Species in Greatest Conservation Need (MN DNR,
2016a).

We chosc habitat characteristics to measure based on a comprehensive review (Fisher &
Dawvis, 2010) of vegetation measures studied in conjunction with grassland birds. This review
showed nine variables were especially relevant to occurrence, abundance, and habitat
selection. These nine variables include percent cover of bare ground, grass, dead vegetation,
forbs, and shrubs, as well as vegetation density and volume, litter depth, and vegetation
height. In addition woody vegetation is a landscape-scale vegetation characteristic that can
influence habitat use and suitability (Grant et al., 2004; Caplat & Fonderflick, 2009). We
included mcasures of 1lic distance to the nearest urec and the percentage of tree cover within

100 m.

Mzer1ions
STUDY ARFA

Breeding birds and vegetation were surveyed at 66 grassland sites within the Prairic
Parkland Province of the MN DNR Southemn Region in southwestern Minnesota (West:
—96.835452; East: —93.394982; North: 45.649784; South: 43.440906; Fig. 1). This region of
Minnesota is 41,970 km* in arca and the region’s climate is temperate, with average annual
tcmperatures of 9 C (Minnesota Deparunent of Natural Resources, 2016b). Average annual
precipitation is between 50 and 75 cm (Hanson & Hargrave, 1996),

Historically this region was characterized by tallgrass prairvic (Hanson & Hargrave, 1996)
but only about 1% of the original prairic remains in the Prairic Parkland Province of
Minncsota (MNDNR, 2006). The predominant land use was row-crop agriculture, with
greater than 84% of the province dedicated to agricultural production (MNDNR, 2006).
The elcvation ranges from 185 10 530 m above sea level. The topography of this region is
primarily level to gently rolling (MNDNR, 2006) However, steeper hillsides and rockier soils
in the extreme southwestern Coteau and the Minnesota River Valley regions result in
reduced agricultural conversion in this portion of the study arca and hence a greater
concentration of remnant grassland habitat.

Native vegetation of the region included grass species such as big bluestem (Andrepogon
gerardit), little bluestem (Schizachyrium scopanium), Indiangrass (Serghastrum nutans), green
ncedlegrass (Nassella viri dula), and porcupine grass (Hesperostipa spartea) (Niesar &
Hubbard, 1997) interspersed with forbs such as narrowlcaved purple coneflower
(Echinacea angustifolia), purple prairic clover (Dalea fnerpurea), white prairie clover (Dalea
candida) and shrubs such as lcadplant (Amorpia canescens) and prairvic rosc (Rosa
arkansana). Many sites that we visited were dominated by nonnative or invasive plant
species such as smooth brome, Kentucky bluegrass (Poa pratensis), reed canary grass
( Phalaris arundinacea), Canada thistle (Cirsium arvense), and yellow sweet clover (Melilotus

offici nalis) .
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Fl.. 1.—Locations of stacly sites within the Praivie Parkland Province ecorfegion of Minnesota
Deparunent ol Watwal Resources Region o visited 1 2003 and 2014

FICLD METHIODS

Site selectien—Durmg 2013 and 2014. we swiveyed 66 sites within the study arca. Sites were
chosen in collaboration with MN DNR and The Nawre Conservancy (TNC), on the basis
that sclected sites would have the potenual to support breeding populations of grasshopper
spartows (a species of conservation concarn in Minnesota) and other grasstand birds. We
used several sources of information 10 identify potential sites, including: (1) core arcas and
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cormidors identified in the Minnesota Prairie Landscape Conscivation Plan (Minnesota
Prairic Plan Working Group, 2011); (2) Grassland Bird Conscrvation Arcas (Granfors,
2010a; Johnson et al., 2010); (3) arcas predicied by habitat models as likely to harbor
grasshopper sparrows (e.g., Quamen, 2007); (4) arcas where grasshopper sparrows had been
rccorded consistently by the Minnesota Breeding Bird Atlas project. Minnesota Biological
Swrvey, eBird, or the BBS; (5) additional arcas with reported grasshopper sparrow
occawrrences and suitable habitat such as Important Bird Arcas (IBAs): and (6) U.S.
Dcparument of Agriculture’s Cropscape data files that identified remnant grassland. Forty
acres (16.2 ha) was sct as the minimuimnarca threshold 10 represent the smallest arca of
grassland typically managed as a singic unit within our study arca. Sites were sclected ©
rcpresent a broad range of gcographic extent, landscape types, habitat characteristics,
anticipated abundance of grasshopper sparrows, and ownership.

Of the 66 sites visited, 45 were on public lands, 16 were privately owned. and five were
owned by The Nawure Conscrvancy. We visited 44 sites in 2013 and 45 sites in 2014, with 23
sitcs visited in both ycars. Each site was visited only once during a breeding scason given
occwrrence rates for grassland bird species increase only marginally with a sccond visit
(Quanicn, 2007). Exceptions were made when the first visit occmred under arginal
weather conditions (i.e,, higher than usual winds or light precipitation that did not exceed
the thresholds for ending the siivey) or during the first week of cach ficld scason, when
obscrvers were familiarizing themselves with swivey methodology. When two swiveys were
conducted at a site, we used results from only once swivey for each species. Whether we used
the first or second visit was determined by whether the species of interest was considered an
carly-scason breeder or a late-scason breeder (as defined by Igl & Johnson, 1997).

Bird surveys.—Breeding bird surveys were conducted in 2013 and 2014 from late May to
carly July, which coincides with the pcak breeding scason of most breeding birds in this
region. Surveys were conducted between 30 min before sunrise and 1000 o coincide with
pcak hours of bird activity. Counts of birds were based primarily on the number of breeding
pairs on teivitorics or home ranges. Generally, nearly all indicated pairs were observed as
territorial malcs or as segregaied pairs. We used the total-arca count method for surveying
breeding birds; this is a minor modification of the suaptransect procedures used by Stewart
& Kantrud (1972) and Igt & Johnson (1997). Each site was swiveyed by onc or twe observers
walking slowly (1.0-15 km h™') on foot and documenting all birds encountered. This
mcthod allows onc or two observers to cfficiently cover onc large ficlkd or several smaller
ficlds within four hours after sunrisc. Strip width varied depending on ficld size and shape
but never exceeded 100 1 on cither side of the wranscct line. Transects were spaced 200
apart so that therc was no overlap in suney arca. As reccommended by Stewart & Kantud
(1972), deviations from the route were allowed and were sometimes necessary to adequately
swivey all portions of the ficlds (e.g.. in rolling topography, around large wetlands) or to
wack dowm clusive individuals to confirm identification. Large or wide-ranging birds (e.g.,
raptors) that flush from the ficld upon the obscrver’s arrival or during the swvey were
rccorded as being within the ficld. In fields that were swiveyed by nwo observers, observers
comparcd ficld notes at the end of the survey to prevent duplication in the counts of large or
widc-ranging birds,

Habitat measures—Wc collected data on habitat characteristics to relate the occurrence
and abundancce of breeding grassland birds to a varicty of habitat characteristics at scveral
scales. We returned to sites for vegetation surveys after the initial bird sunveys.

The number of points sampled along cach transect was proportional to the squarce root of
the wanscct length, with a starting density of two points for every 100 m. This method
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Tasie L—=Yurables included in the anivsis of habitat associations For each of the: seven species of
iuterest (sedge wren, Savannah sparvos', sanisshopper spayow, Henslow's spiurow. dickeissel, hoholink.
ancd wesiern ncadowlurk andd browa-heicled cowbird) in sonthwestern Minnesoen.,. Ranges, neans,
e dians, stanclaed deviation (so) and first and thivd guianiles are intended 1o give contest to Land
umanigers for relitive wrns (denser, less, higher) used 1o desaibe species” habitae associtions

Ist 3rad
Variable Variable deseription Range Mean  Mecedian b Quanile  Queriile

Liner Depth of resicluad plant Jiveer 0.00-1h.67 5.00 175 250 340 6.7
(cin)

Height Flaight of vegetion (cm) TAO0=10870 4040 3917 119 3395 15.00)

Corass Percent cover of grass within 1LO-100.00 6978 7167 1587 5417 8125
im

Forhs Percenit cover ol lorhs withia (.00=82.00 1800 1427 1303 K- 25.00
1m

Shrub Perecent cover ol shrubs within - 0.00-30.25 313 0.30 49 0,00 A hh
4 m

DeadVeg Percent cover ol standing (LIK)=13G.0) H.273 400 6.67 200 7.75
dead vegennon within §

BareGroumed  Percent cover of have groitnd (0.00-22.03 208 OO 379 0.00 2.00
within

VOR Vegzetnon density esthniuesd (1.55-8.83 340 338 133 V42 4.35

by visual ohstruction
reading
DistToTree Distnce 10 nearest nee (i) 16.67=180.50 1743 (2181 74012 9205 18814l
Trees 10 Esimaed percent wee cover 0.00-25.00 2,48 0.50  -§. b1 0.00 333
within 100 m

allewed for more sampling points at larger sites, while accounting forexpected homogeneity
within the site. The first sample point along cach transect was determined randomly, with
the first sampling point falling between 0 and 50 m from the start of the wransect. The
remaining points were spaced at equal intervals along the transect.

We assigned cach transect 10 one of three broad habinat classes based on vegetation
characteristics and other environmenial factors (e.g.,, MN DNR. 2009; Stewart and Kanurud,
1971, 1972): upland grassland, low grasstand, or wet mecadow. When more than one of these
habitat classes was present. only the class that covered the greatest arca was recorded. At
cach sampling point, we collected information on local features to assess habitat condition.
Local features included height, height<density (Visual Obstruction Readings [VORs]). Robel
et al.. 1970), litter depth, and visual estimates of the cover of dominant vegetation (grass,
forb, shrub, dead vegetation [DeadVeg], and bare ground [BareGround}) in a 4 m radius
circular plot around the sampling point, percent tree cover within 100 m of the poim
[Treesl00], and distance 10 necarest wree [DistToTree]. Summary information for these
vegetation variables is included m Table 1

Because birds were recorded along belt transects whereas vegetation measurements were
recorded only for points along the center of cach transect, and due to the heterogeneity of
many of our sites, the conditions encountered by birds could vary appreciably from the
recorded vegetation measurcments. For instance we recorded some unusually high litter
depths (above 15 cm) that may have been restricted to only a small portion of the total arca
surveyed.
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STATISTICAL ANALMSIS

We ran staustical analyses in program R version 3.1.1 (R Core Team 2012) using the
packages car (Fox & Weisberg 2011), zoo (Zcileis & Grothendieck 2005), and ggplot2
(Wickhamy and Chang 2014).

We calculated densites of individual species and grassland birds as a composite group by
dividing the number of breeding pairs per transect survey arca, which was calculated as
transcct length x width. We report densities as pairs per 100 ha.

As a mcasure of lincar association between species and vegetation variables, we calculated
corrclation cocflicients. We assessed curvilinear relationships by plotting density of cach
specics of interest against cach vegetation incasurement and using locally weighted
scatterplot smoothing to fit cwves to the plots. We used loess.as from the fANCOVA package
(Wang 2010) in R with the span for cach plot chosen to minimize AlC,. We also conducted
unpaired two-saimple {-tests to cvaluate the diffierences in distance to nearest tree between
transccts with and without cach specics.

ResuiTs

On average, our sites contained a ncan of 4.5 (3.1 sn) wransects. These transects were a
mecean length of 572.6 (£166.9 sn) m, representing a mean swveyed arca of 37.4 (220.3 sn)
ha per site. though contiguous grassland arca per site was considerably larger but difficult to
quantify.

During the 2 y of our study we recorded a total of 2967 grasstand birds: 293 sedge wrens,
212 Savannah sparrows, 610 grasshopper sparrows, 111 Henslow's sparrows, 255 dickcissels,
1190 bobolinks, 129 western meadowlarks, and 167 individuals of other grassland bird
specics. This resulted in mean abundances per site of 4.4 (8.1 sn) sedge wrens, 3.2 (+6.0
sn) Savannah sparrows, 9.2 (£15.3 sn) grasshopper sparrows, 1.7 (*3.3 sn) Henslow's
sparvows, 3.9 (7.9 sv) dickcissels, 18.0 (£26.8 sn) bobolinks, and 2.0 (£3.6 s») western
mcadowlarks.

Mcan densities per 100 ha were as follows: 8.33 (£16.27 sn) sedge wrens, 5.80 (+12.04 sn)
Savannah sparrows, 14.89 (=19.46 s») grasshopper sparrows, 3.06 (8.91 sv) llenslow’s
spanrows, 7.17 (+15.61 s») dickcissels, 33.38 (+32.67 s») bobolinks. 3.56 (£6.69 sn») western
mcadowlarks, and 66.11 (£50.26 s») total grassland birds.

As a group grassland birds showed posiuve linear associations with greater distance to
trecs. fewer trees within 100 1, and less bare ground (Table 2). Grassland bird density was
slightly higher at intermediate values of hiuer (Fig. 2A) and increased with increasing
vegetation height up 1060 em (Fig. 28). Grassland bird density peaked at sites with about 1%
barc ground (Fig. 2G). Grassland bird density was negatively related 1o wrees (Figs. 21, ).
Grassland bird density was slightly higher at sites with very few shmbs (Fig. 2F.). Grassland
bird density decreased with increasing dead vegetation 10 about 10% dead vegetation (Fig.
2F). The overall density of all grassland birds was relatively unattected by grass cover (Fig.
2C), forb cover (Fig. 2D), and VOR (Fig. 2H).

Sedge wren density showed lincar correlations with taller, denser vegetation that included
more standing decad vegetation. less bare ground, less shiibs, and more forbs and huer
(Table 2). Sedge wren density increased shghty with increasing litter (Fig. 3A). Sedge wren
density increased with increasing vegetation height to about 60 e (Fig. 3B) and with
increasing forb cover (Fig. 3D), dead vegetation (Fig. 3F), and VOR (Fig. 3H). Sedge wren
density decreased with increasing grass cover (Fig. 3C) and was highest at sites with no shiib
cover (Fig. 3E). Sedge wren density was relatively unaffected by bare ground (Fig. 3G),
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Twir 2.—Correlation coctiicioms Detween thee densities ol grassland bivds of interest and the habita
virtables, Grasshnd bird specics ave lisied using stndardized fouslener alpha codes (see Tahle 3)
ALLGRASS 1efers 10 the composine ol all grassland hird SPUCies, Statixticallv significant valwes (17 < 0.05)
are arked with an aswerisk

Sprcies Liner  Height G Forbs  Shrab DeadVeg BacGround  VOR - DivwToTree Tras10o
SEAWR 0.02¢  0.32% 000 0.02% —0.15%  017*  -0.01* 0.30%  0.06 =0.0%
SAVS 0.00  —0.0% 0.10*% =005 —0.16% —0.07 -0.03 —-0.02%  0.2])* —0.17%
RSP =008 —=0.23%  0.00 0.3 D43 =0.05 0.0:4 —().22%  (.30* —-0.23%
HES)P 0.01] .00 .03 Q6 <0403 —0.08 —0.11 0.014) 0.0 —0.0%
DEICK 0.04 003 —=0.08 0.05 =003 05§ =004 013*  0.2= —().08
BOBO 0.0+ 4 0.03 0.0  0.00 002 —08* =010 —0.07 (1.27%% ~().27%
WEME =009 =0.06  0.12% —0001 =000  —=0.20% §.03 0.0l 0.12% -0.17%
ALLGRASS 0,07 0.0 005 006 =010 —10.08 —0.19% 0.07¢ ().32%* —0.30*

distance to wrees (Fig. 31). and wees within 100 m (Fig. 3]). Sites swith and without sedge
wrens did not differ significantly in terms of distance to trees (¢=-0.99, df =299. P =0.326:
Fig. 10).

Savannah sparrows had highest densities at sites farther from trees, and with less standing
dead vegctation, fewer shrubs, and more grass cover (Table 2). Savannah sparrow density
increascd with increasing grass cover bevond about 70% grass cover (Fig. 4C) and with
greater distance to trees (Fig. 41). Savannah sparrow density peaked at about 5% dead
vegetation (Fig. 4F) and 1% bare ground cover (Fig. 4G). Savannah sparrow density was
highest where shrub cover was minimal (Fig. 4F). Savannah sparrow density decreased with
increasing VOR (Fig. 4H) and with increasing forb cover to about 20% forb cover (Fig. 4D).
Savannah sparow density decrcased slightly with increasing height (Fig. 4B). Savannah
sparrows were ahinost ahvays absent when tree cover exceeded 7% (Fig. 4]). Savannah
sparrow density was relatively unaffected by litter depth (Fig. 4A). Sites with Savannah
sparrows were significanlly farther from trees than sites without Savannah sparrows (¢ =
-3.01. df =299, P =0.003; Fig. 10).

Grasshopper sparrow densitics showed linear correlations with distance fron trees and
shorter, sparser vegetation (Table 2). Grasshopper sparrow density peaked at about 4%
shiub cover (Fig. 5E). Similarly, low cover by dead vegetation corvesponded to higher
grasshopper sparrow densities (Fig. 5F). The relationship between grasshopper sparrosw
density and bare ground was cwivilinear, with grasshopper sparvow density peaking at about
8% barc ground (Fig. 5G). Because the relationship was cuvilinear the linear correlation
was not significant (Table 2). Whercas grashopper sparrow density did not show a clear
lincar correlation with litter depth (Table 2), there was a noticeable pattern that, above
about 5 cm of liver depth, grasshopper sparrow density declined shightly (Fig. 5A).
Grasshopper sparrow density also declined with height, especially up 1o about 45 cin (Fig.
5B). Grasshopper sparrow density decreased with increasing Visual Obstruction Readings
(Fig. 5H), consistent with the lincar relationship (Table 2). Also grasshopper sparrow
density decrcased as the proportion of wrees within 100 in increased (Fig. 5)) and
analogously increased with increasing distance from ncarvest tree (Fig. 51). Grass and forb
coverage did not show any relationship with the density of grasshopper sparrows (Figs. 5C,
D). Sites with grasshopper sparrows were significantly farther from wees than sites without
grasshopper sparrows (1= -7.48, df =299, P < 0.001: Fig. 10).
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Species: Present.Absem

DisiToYrice

GRSP HESP
Species

Fie. | 0—=Mean distance 1o nearest e (im) of wansects with and without the incdicated species of
grassland bird at sites smveved in 2013 and 20] 4 in sonthwestern Minnesota, Grasslwnd bigd species are
listerdd using standarcheed d-letter American Ormihological Society ormerly American Ornithologists®
Union) alpha codes. Asterisks indicate: o signibcam diff erence (P < 0.03) Ixtveen the distances ©
nearest nee based on anpaired wo-sample festss error bas represent 3% confidence ntervals.

Wc were unable to detect lincar or noniincar rclationships between Henslow's sparrow
density and our mcasurcs of vegetation, possibly as the result of small numbers of the specics
(Fig. 6). Howcver, sites with Henslow's sparrows were significantly farther from trees than
sitcs without Henslow's sparows (£ =-2.38, df =299, P < 0.018; Fig. i0).

Dickcisscl densitics were highest at sites with a higher percentage of dead vegcetation,
denscr vegctation, greater distance to trees, and less barc ground (Table 2). Dickcisscl
density was slightly higher at intermediate valuces of vegctation height (Fig. 7B). Dickcisscl
density increasced slightly with greater grass cover (Fig. 7C) and with higher percentages of
shrub cover (Fig. 7E) and barc ground (Fig. 7G). Dickcisscl density increascd with
incrcasing VOR 10 a VOR valuc of about 5 (Fig. 7H). Dickcisscl density incrcascd with
incrcasing distancc to trees (Fig. 71) and decrcased with greater tree cover within 100 m up
te¢ 5% wce cover (Fig. 7]). Dickcisscl density was rclatively unaffecied by litter depth (Fig.
7A), forb cover (Fig. 7D), and dcad vegetation (Fig. 7F). Sites with dickcisscls were
significantly farther from trees than sites without dickeissels (#=-3.45, df = 299, P =0.001;
Fig. 10).

Bobolink dcnsitics showed a lincar corclation with greater distance from trees and lower
pcrcentage of standing dcad vegctation (Table 2). Bobolink density incrcased with
incrcasing litter depth to about 5 or 10 ¢, and possibly dcclined thercafier (Fig. 8A).
Although the range in height was limited, there is some suggestion that bobolink density
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may increasc to about 35 cm (Fig. 83). Bobolink density increased up 1o about 2% bare
ground cover. then decrcased to about 4% barce ground, afier which density remained
constant (Fig. 8G). Bobolink density increased with increasing distance to nearest tree up
about 200 m (Fig. 81). Bobolink density decreased with increasing proportion of trees within
100 m to about 10% wee cover (Fig. §]). Bobolink density decrcased with increasing dead
vegetation to about 15% dead vegetation, after which the density was relatively stable (Fig.
8F). Bobolink density was relatively unaftected by grass cover (Fig. 8C), forb cover (Fig. 8D),
shrub cover (Fig. 8E). Sites with bobolinks were significantly farther from wrees than sites
without bobolinks (1=-4.87, (f=299, P < 0.001: Fig. 10).

Higher densitics of western meadowlark were most cosely associated with greater
distances to trees and less bare ground (Table 2). Slight positive relations were found with
grass cover (Fig. 9C) and distance to trees (Fig. 91). Western meadoswlark density peaked
with 1ninimal wree cover (Fig. 9]). Western meadowlark density decreased slightly with
greater litter depth (Fig. 9A), vegetation height (Fig. 9B), and dead vegetation (Fig. 9F).
Western meadowlark density was lower where shrub cover exceeded 7% (Fig. 9EF). Western
mcadowlark density was refatively unaffected by vegetation height (Fig. 9B), forb cover (Fig.
9D), barc ground (Fig. 9G), and VOR (Fig. 9H). Sites with western mncadowiarks were
significantly farther from wees than sites without western meadowlarks (¢=-3.58. <If=299, P

< 0.001; Fig. 10).

Discrssion

Our results demonsurate that obligate grassland birds are making use of remnant prairies
n southwestern Minnesota. An carlier study by Quamen (2007) found sotnewhat higher
densities of five of our seven species in 2003-2005 (e.g.. an average of 20-25 grasshopper
spartows per 100 ha). consistent with continued declines of grassland birds in the
mtervening decade. Densities of western incadowlarks were faily' comparable between the
two studies with a mean of three w six birds per 100 ha in Quamen's study versus three and a
half birds per 100 ha in our study. Densities of the seventh species—Henslow's sparrow—
were not analyzed as part of Quamen’s study. However, population levels of this species
appcar to respond to significant expansion and contraction of grassland acrcage enrolled in
the Conscivation Reserve Prograin (CRP), which in twn has responded to crop prices
(Cooper 2012). The period from 2007 to 2016 showed a marked contraction of CRP lands
nationally (FSA 2016a), and Minncsota alonc lost almost 37% of its CRP acrcage (FSA
2016b). Thus we expect that our reported densities for Henslow's sparrows may be lower
than densities in the years preceding our study (from roughly 2005 10 2012). Nonetheless.
our obscvations provide cvidence that the remaining remnant prairies that we visited
continuc to support this and other grassland breeding bird species.

We found evidence of both linearand curvilinear relationships between bird densities and
vegetation charactetistics. As expected these responses were species-specific. However.
grassland bird density as a whole was represenmiative in that it showed significant
rclationships with those vegetation charactenstics most frequently anportant to individual
species. Most notably, we found a uniforn, negative response v uees. Densities of alimost all
specics showed significantly negative correlations with percent tree cover within 100 m, and
significantly positive correlations with distance to nearest ree. In addition sites that had a
particular spccics of bird were, on average, farther from wees (Fig. 10) and had less tree
cover. These site differences were consistent among species, though not significantly so in
the case of sedge wrens (or for dickceissel. for percent wee cover). This finding, that the
distance to trees or percent cover of trees arce particularly closely associated with the density
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and occurrence of grassland birds, supports previous studies documenting the negative
impacts of wees on grassland birds (Grant e al.. 2004; Thompson et al, 2014) and the
positive impacts of wee-removal on these species (Quamen, 2007; Thompson et «al., 2016).

Consistent with the swinmary by Shaffer ef «/. (2015b). we found that tall, dense vegetation
with a high percentage of forb cover is important for the sedge wren. We found dead
vegetation and litter depth were possibly more important than forb cover. This positive
rclationship with residual vegetation also was noted by Herkert ef al. (2001).

Swanson’s (2015) summary of the Savannah sparrow’s habitat needs suggested that litter,
height and density (VOR) are important for this species. We found Savannah sparrow
density was negatively correlated with VOR but not affected by height or litter depth.
Instead. we observed negative correlations with trees and percent shrub cover and a positive
correlation with percent grass cover. all of wwhich arc correspondingly considered important
in the Birds of North America account of this species (Wheelwright & Rising, 2008).

We found grasshopper sparrows were negatively associated with vegetation height, as did
Shaffer et «. (2015a). This pattern also scems appropriate because, above a certain
vegetation height, we typically did not encounter many obligate grassland bird species.
Shaffer et al. (2015a) idemified liver depth and shrub density to be particularly important
vegetation characteristics for this species, and Vickery (1996) additionaliy noted a negative
relationship with shrub density. In contrast our results showed a nonsignificant correlation
with percent shrub cover, but a pattern of slightly higher densities of grasshopper sparrows
at very low levets of shrub cover than at higher levels of shrub cover or no shrub cover. A few
shrubs or other tall vegetation may provide nales with singing perches necessary for terriiory
establishment and defense, but more than that may be a deterrent for tiie species (Slater,
2004). In add:ition our results indicate thai trees on the landscape are negatively correlated
with grasshopper sparrow density. This finding supports previous suggestions (Vickery, 1996;
Shaffer et al., 2015a) that open grasslands are important for this species. Our results showed
several individual wtransects that have much higher than expected grasshopper sparrow
densities given the proximity to a ree (Fig. 51), but a single small tree ncarby could be less
problemaiic than many wees farither anay. ®ur examination of curvilinear relationships also
indicates that a small amount of decad vegetation nay be beneficial to the grasshopper
sparrow (Fig. 5F), perhaps because it corresponds with a period length of time since last fire
or other disturbance event (Dechani et al., 2002). Similarly, some bare ground (about 7-9%)
coresponds with higher grasshopper sparrow densities, probably because a small amount is
good for foraging. but with too much the birds are exposed and may not have enough cover
for nesting (Whiunore, 1981).

For Henslow's sparrows, our results showed no significant correfations with the vegetation
characteristics that we nicasured, in conirast to Herkert (2015). However, the species has
recently re- colonized our study arca (Herkert ef «¢f, 2002) and was uncommon in our
surveys. We suspect that the species may be too uncomimon o occupy all sites that provide
preferred habitat, as is reflecied by its endangered status within Minnesota (MNDNR,
2016a).

The vegetauion characteristics that we found to be correlated with dickcissel density were
dead vegetation, bare ground, VOR. and distance to trees. Similarly, Shaffer e «f. (2015c¢)
identified height and density (VOR) as important for this species. They also concluded that
litter depth and forb cover arc important habitat characteristics. Temple (2002) supported
our finding that proximity to wees is negative for this species. However. Temple (2002) also
identified density, height. litter. and forb cover as imiportant vegetation characteristics.
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For the bobolink. we found that the key vegetation characteristics correlated with
breeding pair density were the absence of both trees and dead vegetation. In contrast the
summary by Shaffer et al. (2015d) identifics vegetation height and density, and litter, forb,
and shrub cover as key vegetation characteristics for this species. The Birds of North America
account by Renfrew et al. (2015) was comsistent with our findings and identified a high
proportion of nonforested habitat as an important componcent of bobolink habitat.
Furthctmore, in agrecement with the Shaffer ¢ al. (2015d) summary, Renfrew et wl. (2015)
found density, litter. and forb cover 1o be important. In accordance with our finding that
dcad vegetation was negatively correlated with the density of grasshopper sparrows, Renfrew
et al. (2015) identified hay ficlds more than cightycars since plowing or resceding as suitable
habitat for this species. and such sites may be more likely: to have residual dead vegetation if
they were not mown during the previous fall or spring,

Consistent with Shaffer ef al’s (2015¢) summary of the western mcadowlark and Davis &
Lanvon (2008), we found that absence of trees and a high percentage of grass cover arc
corrclated with the density of this specics. Although Shaffer # @ (2015c¢) and Davis &
Lanyon (2008) concluded that a high litter component (liter depth and cover), is
important for this specics, we did not find this to be the casc in our Minncsota study sites.
Howcever, we did find that residual dead vegetation, which often co- occurs with high litter,
was ncgatively corrclated with western mceadowlark density.

In simmary we were able to find breeding populations of obligate grassland birds on
remnant prairic in southwestern Minnesota. Protecting prairic continues to be critical for
the conscivation of grassland birds: managing for different vegetation characteristics can
alloww natural resource professionals to favor sclected specics. Although our results are
gencerally consistent with previous accounts of vegetation characteristics preferred by cach of
these specics, the low correlation cocfficients and the wide variation in our results indicate
thar most specics olcrate a wide range of habitat conditions. The major exception, however,
is that grassland birds gencerally responded negatively to the presence and proxinmity of tices.

MASNACEMENT IMPEICNTIONS

Because different species have different habitat associations (Scott e al, 2002), local
populations of diffcrent species arc likely to respond differently 1o different management
practices (Wicns & Rotenbeny, 1981). Our findings support the idea that it is important to
maintain a rangce of vegetation characteristics on the landscape in order to support the most
grassland specics (Vickery ef al, 1995). However, it is also important to note that such
heterogencity needs to be maintained ata landscape-leveel rather than within grassland plots
to avoid patchiness that reduces grassland bird densitics (Wiens, 1974). Thercfore, we
suggcest coordination in the management of adjacent grassland patches 1o develop a mosaic
of vegetation chacacleristics suitable for conservation of the full suite of grassland bird
specics. Al a site-by-site level, the most critical management activity to support grassland
biodiversity appcars to be tree conuol or removal.
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