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International System of Units to U.S. customary units

Multiply By To obtain

Length

centimeter (cm) 0.3937 inch (in.)

meter (m) 3.281 foot (ft)

kilometer (km) 0.6214 mile (mi)
Area

square meter (m?) 0.0002471 acre

hectare (ha) 2.471 acre

square kilometer (km?) 247.1 acre

square meter (m?) 10.76 square foot (ft?)

hectare (ha) 0.003861 square mile (mi?)

square kilometer (km?) 0.3861 square mile (mi*)
Mass

kilogram (kg) 2.205 pound (Ib)
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The Effects of Management Practices on Grassland
Birds—Eastern Meadowlark (Sturnella magna)

By Scott D. Hull,"2Jill A. Shaffer,? and Lawrence D. Igl?

Capsule Statement

The key to Eastern Meadowlark (Sturnella magna)
management is providing large areas of contiguous grassland
of moderate height with significant grass cover and moder-
ate forb density. Eastern Meadowlarks have been reported to
use habitats with 10—187 centimeters (cm) average vegetation
height, 688 cm visual obstruction reading (VOR), 53-86 per-
cent grass cover, 4-50 percent forb cover, less than or equal
to (<) 4 percent shrub cover, less than (<) 38 percent bare
ground, 6-23 percent litter cover, and <13 cm litter depth. The
descriptions of key vegetation characteristics are provided in
table MM1 (after the “References” section). Vernacular and
scientific names of plants and animals follow the Integrated
Taxonomic Information System (https://www.itis.gov).

Breeding Range

Eastern Meadowlarks breed from southern Ontario,
eastern Minnesota, lowa, extreme southwestern South Dakota,
Nebraska, and extreme northeastern Colorado; east to Quebec,
New Brunswick, and Nova Scotia; south throughout the east-
ern United States to Texas; and west to Arizona, Oklahoma,
and east-central Kansas (National Geographic Society, 2011).
The relative densities of Eastern Meadowlarks in the United
States and southern Canada, based on North American Breed-
ing Bird Survey (BBS) data (Sauer and others, 2014), are
shown in figure MM1 (not all geographic places mentioned in
report are shown on figure).

Suitable Habitat

Eastern Meadowlarks prefer moderately tall grasslands
with abundant litter coverage, large proportion of grass,
moderate to high forb density, and small coverage of woody

'Ohio Division of Wildlife.
*Wisconsin Department of Natural Resources (current).

U.S. Geological Survey

Eastern Meadowlark. lllustration by Christopher M. Goldade,
U.S. Geological Survey.

vegetation (Wiens, 1969, 1974; Roseberry and Klimstra, 1970;
Rotenberry and Wiens, 1980; Skinner and others, 1984; Sam-
ple, 1989; Bollinger, 1995; Evrard and Bacon, 1995; Granfors
and others, 1996; Hull and others, 1996; Klute and others,
1997; Scott and others, 2002; Hubbard and others, 2006). The
Habitat Suitability Index (HSI) for the Eastern Meadowlark is
a model based on species-habitat relationships, although cause
and effect relationships are untested (Schroeder and Sousa,
1982). The HSI for this species indicated that optimal habi-
tat contains dense grasses of moderate height (12.5-35 cm),
low shrub coverage (<5 percent is optimal; greater than [>]

35 percent is too dense), low forb coverage, and adequate


https://www.itis.gov
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Figure MM1. The breeding distribution of the Eastern Meadowlark (Sturnella magna) in the United States and southern

Canada, based on North American Breeding Bird Survey (BBS) data, 2008—12. The BBS abundance map provides only an

approximation of breeding range edges.

perches. Optimal total herbaceous (including grass) cover-
age is >90 percent, whereas <20 percent may be inadequate

as nesting habitat. Optimal proportion of herbaceous cover-
age that is grass is >80 percent, whereas <20 percent may be
inadequate as breeding habitat. Variation in canopy height is
desirable, because optimal vegetation heights for foraging and
loafing are between 10 and 30 cm. Ideal vegetation heights for
nesting are between 25 and 50 cm. Optimal conditions for the
species may be met where most of the habitat is suitable for

foraging and loafing. Average vegetation heights <2.5 cm or
>76 cm may be unsuitable. Hays and Farmer (1990) modi-
fied the HSI by eliminating distance to perch as a variable and
adding average height of herbaceous canopy in mid-spring
(estimated by averaging pregreenup and mid-summer VORs
and then converting readings into height). In former pastures
and former hayfields in West Virginia, Eastern Meadowlarks
selected nest sites with more standing dead vegetation, deeper
litter, and a greater maximum vegetation height; Eastern



Meadowlarks typically incorporated standing vegetation into
their nest to create a dome over the nest for concealment (War-
ren and Anderson, 2005).

Song perches, such as woody vegetation or human-
created perches (for example, fence posts, barbed wire,
powerlines), are used by Eastern Meadowlarks (Wiens, 1969;
Harrison, 1977; Kahl and others, 1985). Although Eastern
Meadowlarks tend to avoid areas with heavy woody invasion,
the species tolerates the presence of some woody vegetation
(Kahl and others, 1985; Sample, 1989). Based on the HSI,
suitable perches generally are either around the periphery or
within suitable habitat, but average distance between suitable
cover and perch sites is typically <30 meters (m) (Schroeder
and Sousa, 1982). Of 12 Eastern Meadowlark territories in
Wisconsin, 67 percent included posts, 67 percent included
fence lines, 33 percent wire bales or tangles, and 58 percent
trees (Wiens, 1969). Harrison (1977) reported that Eastern
Meadowlarks preferred artificial perches that were 2 m tall
more so than artificial perches that were 1.5 m tall. In Maine,
Vickery and Hunter (1995) reported that Eastern Meadow-
larks used artificial song perches but that the additional perch
sites did not increase meadowlark density. In Missouri, areas
around song perches had few woody stems <2.5 cm diameter
at breast height and no woody stems greater than or equal
to (>) 2.5 cm diameter at breast height, dense (>90 percent)
ground vegetation, and moderate-to-dense litter coverage
(Kahl and others, 1985).

Eastern Meadowlarks breed in a variety of native
grasslands, including wet meadows (Boyer and Devitt, 1961;
Johnsgard, 1979; Cink and Lowther, 1989; Mossman and
Sample, 1990; Faanes and Lingle, 1995; Helzer, 1996; Helzer
and Jelinski, 1999), semidesert grasslands (Bock and oth-
ers, 1986), and tallgrass prairies that are idle, burned, hayed,
or grazed (Easterla, 1962; Graber and Graber, 1963; Eddle-
man, 1974; Johnsgard, 1979; Zimmerman and Finck, 1983;
Herkert, 1991; Sample and Hoffman, 1989; Rohrbaugh and
others, 1999; Renfrew and Ribic, 2008; With and others, 2008;
Pillsbury, 2010; Jacobs and others, 2012). Planted cover, such
as Conservation Reserve Program (CRP) fields, Permanent
Cover Program fields, dense nesting cover, Soil Bank Program
fields, and Waterfowl Production Areas (WPAs), also provide
suitable habitat (Roseberry and Klimstra, 1970; Sample, 1989;
Welsh and Kimmel, 1991; King, 1991; Caito, 1993; Niesar,
1994; Hull and others, 1996; McCoy and others, 1999; Swan-
son and others, 1999; Riffell and others, 2008).

Eastern Meadowlarks occasionally breed in agricul-
tural areas, such as rowcrop fields (Best and others, 1997),
small-grain fields (Dambach and Good, 1940; Johnsgard,
1979; Sample, 1989), grassed waterways (Bryan and Best,
1991), herbaceous fencerows (Best and Hill, 1983), stubble,
and grassed islands among plowed fields (Gross, 1965). The
species also uses farmstead shelterbelts during the breeding
season (Yahner, 1982), perhaps as perch sites. In a multi-State
midwestern study comparing bird use of CRP grasslands and
cropland, abundance of meadowlarks (Eastern and West-
ern [Sturnella neglecta] meadowlarks combined) in CRP
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grasslands was greater than or equal to abundances in crop-
land in all six States studied (Best and others, 1997). In lowa,
Schulte and others (2016) evaluated grassland bird use of
native perennial vegetation planted in strips within rowcrops.
Treatments were 100 percent rowcrop (that is, the reference),
10 percent of area planted to native vegetation in one strip

on the footslope, 10 percent in multiple strips on the contour,
or 20 percent in multiple strips on the contour, and previous
land use before experimental manipulation was tame grass-
land. Overall abundance, species richness, and diversity of
grassland birds were greater on native vegetation strips than
the reference treatment, but the abundance of Eastern Mead-
owlarks was unaffected by treatments. In Indiana, Eastern
Meadowlarks were more abundant in no-tillage fields (that is,
seeds planted directly into crop residue) than in conventional-
tilled fields (that is, fields tilled in the spring before planting)
(Castrale, 1985).

Eastern Meadowlarks have been found in orchards, golf
courses, grassed roadsides, airport grasslands (Jaster and
others, 2012), colonies of Gunnison’s prairie dogs (Cyno-
mys gunnisoni) (Clark and others, 1982), reclaimed surface
mines (Whitmore, 1980; Scott and others, 2002; Galligan and
others, 2006), oak savannas, shrub-carr wetlands (Faanes,
1981), commercial cranberry (Vaccinium macrocarpon) beds
(Jorgensen and Nauman, 1993), and fields of burned and
unburned broomsedge (Andropogon virginicus) (Shugart and
James, 1973).

Where populations of Eastern and Western meadowlarks
are sympatric in the Great Plains, Eastern Meadowlarks are
found in wet lowland areas, such as valleys and river bot-
toms, whereas Western Meadowlarks are found in dry uplands
(Lanyon, 1956a, 1957; Dinsmore and others, 1984). In desert
grasslands, the usual ecological relationship of the two spe-
cies is reversed; Western Meadowlarks inhabit irrigated land
and Eastern Meadowlarks inhabit arid, natural grasslands
(Lanyon, 1962).

The importance of topography has been examined in
relation to nest survival and breeding density. In the Flint Hills
of Kansas and Oklahoma, Frey and others (2008) examined
the effect of topography on daily nest survival. Topographic
position was less important to daily nest survival than VOR,
because meadowlarks selected nest sites with greater VORs
than were typically available. Although Eastern Meadowlarks
predominantly nested on slopes, the use of lowlands relative
to uplands shifted over the course of a nesting season. Mead-
owlarks nested in lowlands early in the season and switched to
uplands later in the season. In Wisconsin, Eastern Meadowlark
density did not differ between uplands and lowlands (Sample,
1989; Renfrew and Ribic, 2002). In Illinois, Roseberry and
Klimstra (1970) observed that nests were built on slopes more
than on crests of hills or in valleys.

The entrances of Eastern Meadowlark nests are primarily
oriented to the north, northeast, or east. In Wisconsin, Wiens
(1969) reported that the entrances of all 13 Eastern Mead-
owlark nests in his study were oriented to the north and east.
Similarly, in Wisconsin, Lanyon (1957) determined that the



4 The Effects of Management Practices on Grassland Birds—Eastern Meadowlark (Sturnella magna)

entrances of 55 percent of 64 Eastern Meadowlark nests were
oriented to the north, northeast, or east; the orientation of these
nests was predominantly to the north and east and was not cor-
related with the position within a territory or location of song
perches (Jaster and others, 2012). Lanyon (1957) attributed
orientation to the effect of prevailing winds that depressed
vegetation to the north and east, an explanation also accepted
by Roseberry and Klimstra (1970), who found 350 Eastern
Meadowlark nests, 48.9 percent of which were oriented to the
north, northeast, or east. In the Flint Hills in Kansas and Okla-
homa, Long and others (2009) reported that the entrances of
272 Eastern Meadowlark nests were significantly nonrandom
and primarily oriented to the northeast. The prevailing wind
during the breeding season was from the south, and the nests
were generally oriented downwind; the orientation of the nest
entrances shifted northward as the nesting season progressed
and coincided with a southeastward shift in prevailing wind
direction.

Although Eastern Meadowlarks use both native and tame
grasslands, no consistent pattern of preference between the
two grassland types has been documented (Hayden, 1985;
Walk and Warner, 1999). In Wisconsin, Eastern Meadowlark
densities were larger in tame CRP fields, remnant prairie
patches, and pastures than in alfalfa (Medicago sativa) hay-
fields or cropland (Ribic and others, 2009a). In Minnesota,
Eastern Meadowlarks were found in tame WPAs but not in
native grasslands or woody vegetation <1.5 m tall (Niesar,
1994). In Illinois, densities of Eastern Meadowlarks were
larger in upland prairies than in an area planted to Kentucky
bluegrass (Poa pratensis) (Birkenholz, 1973). Grass height
(51 cm), ground cover (100 percent), and litter depth (10 cm)
were similar in both habitats, but native prairies had higher
values for soil moisture (60 percent compared to 40 percent),
foliage cover at 30.48 cm (60 percent compared to 30 per-
cent), and variation in grass height (standard deviation of
5.5 compared to 3.4) than grasslands planted to Kentucky
bluegrass. In another Illinois study, Eastern Meadowlarks
were present in both tame and native grasslands (Walk and
Warner, 1999). In Missouri, Eastern Meadowlarks were found
in prairie fragments and in pastures planted to tame grasses
(Hayden, 1985). Also in Missouri, meadowlarks (Eastern and
Western meadowlarks combined) were more abundant in CRP
grasslands planted to a mixture of tame grass species than in
CRP grasslands planted to a monoculture of native switch-
grass (Panicum virgatum), presumably because of shorter
vegetation height in tame fields (VOR and maximum live
vegetation height in July in tame CRP were 71 cm and 76 cm,
respectively, compared to 107 cm for both measurements
in native CRP) (McCoy, 1996; McCoy and others, 2001).

In a third Missouri study, Eastern Meadowlark density was
larger in grazed native and tame pastures and hayfields than
in cool- or warm-season CRP grasslands (Jacobs and others,
2012). In a fourth Missouri study, daily nest survival rates did
not differ between warm- and cool-season grass restorations
(Jaster and others, 2014). In Pennsylvania, Eastern Meadow-
lark abundance was not statistically different in pastures and

hayland planted to either cool- or warm-season grass species
(Giuliano and Daves, 2002). In a study of tame and native
CRP fields, native prairies, and sorghum fields in Nebraska,
Eastern Meadowlarks were found only in native prairies,
possibly because vegetation in CRP fields was tall and dense
and did not provide adequate perch sites (King, 1991; King
and Savidge, 1995). In June, maximum vegetation height and
VOR in prairie ranged from 33 to 49 cm and 22 to 25 cm,
respectively, compared to ranges of 66 to 156 cm and 24 to
78 cm, respectively, in CRP fields. However, in another CRP
study in Nebraska, meadowlark (Eastern and Western mead-
owlarks combined) abundances were similar between CRP
fields planted to a mixture of native grasses and CRP fields
planted to tame grasses (Delisle, 1995; Delisle and Savidge,
1997). In Kansas, Missouri, and Nebraska, Eastern Meadow-
lark abundance was positively related to CRP fields planted
to nonnative grasses (Riffell and others, 2010). In Kansas and
Oklahoma, Eastern Meadowlarks were least abundant in CRP
fields (burned and unburned) planted to native grasses (burned
and unburned) and were moderately abundant in native
pastures and hayfields (Rahmig and others, 2009). In WPAs
in Ohio, Eastern Meadowlarks were more abundant in areas
planted to tame grasses than in areas planted to monocultures
of native switchgrass (Caito, 1993). Vegetation height was
shorter and vegetation diversity was greater in tame plantings
than in switchgrass fields, although there were no relationships
between Eastern Meadowlark density and vegetation height
or vegetation diversity. In 18 WPAs, the average vegetation
height over 3 months (May, June, and July) in areas planted to
tame grasses was 54 cm compared to 115 cm in areas planted
to switchgrass; the Shannon-Wiener diversity index in tame
stands was 1.70 compared to 1.12 in switchgrass stands. In
Pennsylvania, no difference was reported in Eastern Mead-
owlark abundance between tame and seeded-native (restored)
grasslands (Davies, 1997). In southeastern Arizona, Eastern
Meadowlarks were more abundant in areas of native grasses
than in areas planted to tame grasses (Bock and others, 1986;
Bock and Bock, 1988). Tame grasslands had significantly
less coverage of native grasses, forbs, and shrubs, and similar
coverage of bare ground than in native grasslands.

The response of Eastern Meadowlarks to vegetation
structure varies among studies. In tallgrass prairies in several
States, the largest densities of Eastern Meadowlarks were in
areas where vegetative heterogeneity was low (Wiens, 1974).
Abundance of Eastern Meadowlarks was positively corre-
lated with grass and litter coverage, maximum and effective
vegetation height, litter depth, and total vegetation contacts,
which was measured by recording the number of contacts or
“hits” in each decimeter height interval of a thin rod passed
vertically through the vegetation at each sample point (Roten-
berry and Wiens, 1980). Abundance was negatively correlated
with percentage of bare ground, variation in total number of
vegetation contacts, variation in litter depth, and variation in
forb and shrub heights. In Wisconsin, occupied territories had
smaller vertical vegetation density, average effective vegeta-
tion height, and litter depth but had greater forb density than



unoccupied areas (Wiens, 1969). In another Wisconsin study,
density was positively correlated with percentage cover of
standing vegetation, prostrate residual vegetation, woody
cover, total number of dead stems, and plant-species richness;
density was negatively correlated with maximum vegetation
height and height-density (Sample, 1989). In a third Wisconsin
study, abundance was positively associated with litter depth
and vegetation height density in 1 of 2 years (Renfrew and
Ribic, 2002); however, in CRP grasslands in Illinois, Eastern
Meadowlark density was positively associated with greater
percentage of bare ground coverage (Osborne and Sparling,
2013). In Illinois tallgrass prairies, density of Eastern Mead-
owlarks was positively correlated with percentage of living
vegetation contacts and negatively correlated with grass height,
total vegetation height, and total number of vegetation contacts
of grasses, forbs, and dead vegetation (Herkert 1991). Density
was negatively correlated with total vegetation species rich-
ness, abundance of forbs and shrubs, and a structural heteroge-
neity index (described as the variability in litter depth, vegeta-
tion height, and vegetation density). In another Illinois study,
occurrence was positively associated with live vegetation, but
the species avoided areas with a high average grass height
(Herkert, 1994b). In a fourth study within Illinois grasslands,
Eastern Meadowlark density was negatively related to the
amount of dead vegetation (Buxton and Benson, 2016). In
tallgrass prairies in Missouri, density of Eastern Meadowlarks
was not affected by vegetation characteristics (Winter, 1998;
Winter and Faaborg, 1999). In another Missouri tallgrass prai-
rie study, however, home range size of Eastern Meadowlarks
was affected by the variability in grass coverage (Suedkamp
Wells and others, 2008). In CRP fields in Missouri, presence of
meadowlarks (Eastern and Western meadowlarks combined)
was negatively correlated with percentage of canopy cover of
dead vegetation (McCoy, 1996). Abundance was positively
correlated with percentage of grass canopy cover and nega-
tively correlated with vertical obstruction values and litter
coverage. In Missouri grasslands, including hayed and grazed
native and tame grasslands and idle CRP grasslands, counts

of Eastern Meadowlarks decreased 12 and 23 percent over

the range of increasing shrub cover (0—1,600 square meters)
and vegetation height-density (0—60 cm), respectively, and
increased 71 percent over the increasing range of litter depth
(0-60 cm) (Jacobs and others, 2012). In tallgrass prairies of
Nebraska and Iowa, Eastern Meadowlark occurrence and
density were positively related to the average number of grass
contacts (or “hits”’) and negatively related to average vegetation
height (McLaughlin and others, 2014). Within native and tame
CRP fields in Nebraska, meadowlark (Eastern and Western
meadowlarks combined) abundance was negatively correlated
with litter depth (Delisle, 1995; Delisle and Savidge, 1997). In
Kansas, Zimmerman (1992) reported that areas with the great-
est vegetative heterogeneity supported the largest densities of
grassland bird species, including the Eastern Meadowlark. Also
in Kansas, meadowlark (Eastern and Western meadowlarks
combined) abundance was greatest in CRP fields that had the
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highest occurrence of forbs (61 percent compared to 21-50 per-
cent) (Hull, 1993; Hull and others, 1996).

In Maine, Eastern Meadowlark abundance was positively
correlated with taller grass and low growing (0-60 cm) shrub
coverage and negatively correlated with tall (60-200 cm)
shrub coverage (Vickery and others, 1994). In New York hay-
land, abundance of Eastern Meadowlarks increased linearly
with field age (Bollinger, 1988, 1995). Abundance was posi-
tively associated with plant-species richness and negatively
associated with percentage of vegetation cover, vegetation
patchiness, and percentage of bird’s-foot trefoil (Lotus cor-
niculatus) cover. As fields aged, plant diversity and patchiness
increased, whereas vegetation height decreased. Fields with
meadowlarks had 61.7 percent total cover and 1.2 percent
bird’s-foot trefoil cover. In southeastern Arizona, abundance
was positively correlated with shrub coverage (Bock and
Bock, 1992).

Moisture levels may affect the abundance of Eastern
Meadowlarks, but as Niemuth and others (2017) indicated, the
biological meaning of climate variables in models characteriz-
ing bird-environment relationships is unclear; climate vari-
ables are likely correlates of other factors (for example, plant
community composition, primary and secondary productivity)
that more directly affect species occurrence, likely in concert
with other factors such as soils and landform. Using North
American BBS data for Kansas and Nebraska, Niemuth and
others (2017) reported that the occurrence of Eastern Meadow-
larks exhibited a positive relationship with long-term January
temperature and with current-year and previous-year precipi-
tation anomalies. Current-year precipitation anomaly was
defined as the difference between current-year March—June
precipitation and the long-term average to create a variable
reflecting the deviation in precipitation for each examined time
period, and previous-year precipitation anomaly was defined
as the difference between previous year’s precipitation and the
long-term average precipitation. The best-supported model for
Eastern Meadowlark also included a quadratic relationship for
long-term (30-year) precipitation, indicating that intermediate
values of this climatic variable best explained the species’ dis-
tribution. In another assessment of BBS data, O’Connor and
others (1999) reported a positive relationship between Eastern
Meadowlark abundance and the 30-year average for July
temperature. In a comparison of Eastern Meadowlark breeding
distribution during 1980-85 and 2000—05 from the New York
Breeding Bird Atlas, Jarzyna and others (2016) concluded
that the persistence of Eastern Meadowlarks in New York was
positively related to increasing maximum temperature during
the breeding season in areas with abundant grasslands, but the
probability of localized extinction increased with increasing
temperatures in areas with sparse grasslands.

Eastern Meadowlarks nest on the ground (Roseberry
and Klimstra, 1970; Jaster and others, 2012) in litter or under
dense, overhanging grasses (Easterla, 1962; Wiens, 1969).

In Wisconsin WPAs, nest density was negatively correlated
with spring and summer VOR (Evrard and Bacon, 1995). In
[llinois, nest sites had more dead grass (33 percent of grass
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cover) and less bare ground than nonnest sites (0 and 4.2 per-
cent, respectively) (Kershner and Bollinger, 1996). Also in Illi-
nois, height of cover at 204 nests ranged from 5 to 76 cm tall,
with 67 percent of nests in cover 25-51 cm tall (Roseberry and
Klimstra, 1970). Presence of dead grass stems and absence

of woody vegetation appeared to be important nesting habitat
requirements. Few nests were found in wheat (7riticum spe-
cies [spp.]), fallow, or idle areas because of lack of adequate
grass coverage in the first two habitats and invasion of woody
plants in the latter habitat. Of 307 nests, 65 percent were

in pasture (0.5 nest per hectare [ha]), 17 percent in hayland
(0.3 nest per ha), 8 percent in fields enrolled in the Federal
Soil Bank Program (0.1 nest per ha), 7 percent in idle fields
(0.1 nest per ha), 2 percent in fallow fields (0.1 nest per ha),
and 1 percent in winter wheat (0.1 nest per ha). Of 220 nests,
44.5 percent were partially concealed from above, 38.2 per-
cent had full canopy coverage, and 17.3 percent were open
from above. Path rush (Juncus tenuis), cheatgrass (Bromus
tectorum), meadow fescue (Schedonorus arundinaceus), Can-
ada bluegrass (Poa compressa), Kentucky bluegrass, Japanese
clover (Kummerowia striata), and Korean lespedeza (Kum-
merowia stipulacea) were commonly used in constructing the
nest bowl. On reclaimed coal mines in southwestern Indiana,
Eastern Meadowlarks nested in grasslands, shrub/savanna, and
the transitional habitat between the two; daily nest survival
was higher in shrub/savanna and transitional habitats than in
grasslands (Galligan and others, 2006). In Missouri, East-

ern Meadowlarks nested in grasslands of short-to-moderate
stature (about 50 percent cover 1 cm above ground and about
20 percent cover 25 cm above ground) that were moderately to
heavily grazed (Skinner and others, 1984). Nests usually were
under clumps of grasses or forbs.

Several nesting studies have been completed within the
tallgrass prairies in the Flint Hills of Kansas and Oklahoma.
Nest sites (0.25 square meter around the nest) in tallgrass hay-
land had significantly less bare ground than the area 1-10 m
around the nest sites (Jensen, 1999). Granfors and others
(1996) indicated that Eastern Meadowlarks selected nest sites
with significantly greater litter coverage and litter depth, a
higher proportion of grass, and more structural homogeneity
than available on random plots. Hubbard and others (2006)
reported no significant differences in vegetation between nest
sites and random sites; in general, nest sites were characterized
by high litter depth, small bare ground cover, and low woody
vegetation and edge habitat. Eastern Meadowlark nest survival
increased with increasing vertical vegetation structure at nest
sites (Frey and others, 2008).

Area Requirements and Landscape
Associations
Eastern Meadowlarks have large multipurpose territories

(that is, defended areas in which feeding, mating, and rear-
ing of young occur) (Jaster and others, 2012). In Wisconsin,

Wiens (1969) reported an average territory size of 2.3 ha

for 18 territories. Also in Wisconsin, Lanyon (1956b, 1957)
reported a range of 1.2—6 ha for an unspecified number of ter-
ritories, with most between 2.8 and 3.2 ha. In Oklahoma, two
territories in tallgrass pasture averaged 2 ha (Wiens, 1971). In
Kansas, Francq (1972) reported territory sizes ranging from
1.2 to 4.8 ha; large (size not given) territories were in grazed
grasslands with few trees and shrubs, whereas small (size

not given) territories were in ungrazed grasslands with lush
ground cover and numerous scattered trees.

Eastern Meadowlarks generally are considered area
sensitive (that is, preferring large grassland areas over small
grassland areas) (Herkert, 1994a, 1994b, 1994c; Vickery and
others, 1994; O’Leary and Nyberg, 2000), although some
researchers that examined this topic did not find sensitivity.
Ribic and others (2009b) reviewed published studies of area
sensitivity and concluded that Eastern Meadowlark occurrence
and density were positively associated with grassland patch
size. In Illinois, Eastern Meadowlarks were considered mod-
erately sensitive to habitat fragmentation (Herkert and others,
1993; Herkert, 1994c), and density and occurrence of East-
ern Meadowlarks were positively associated with grassland
area (Herkert, 1991, 1994c). The grassland area required for
Eastern Meadowlarks was estimated at 5 ha (area required was
defined as the grassland “area at which a species’ probability
of occurrence equals 50 percent of its maximum”) (Herkert,
1994b, p. 494). In Missouri, home range size of postfledging
juvenile Eastern Meadowlarks was 81 ha, suggesting larger
areas are needed during at least part of the breeding season
(Suedkamp Wells and others, 2008). In a second Missouri
study, nesting success was not related to grassland patch size
(Winter, 1998). In Maine, density was positively affected by
an increase in grassland area; Eastern Meadowlarks reached
<40 percent incidence at 500 ha in grassland barrens (Vickery
and others, 1994). However, in Missouri (Winter and Faaborg,
1999) and New York (Bollinger, 1995), Eastern Meadowlarks
were not considered area sensitive because density was not
affected by grassland patch size. Eastern Meadowlarks were
not affected by edge density; distance to another patch of
grassland or forest; or cover, grassland patch size, or core area
(>50 m from an edge) of grassland or forest (Winter, 1998).
Eastern Meadowlark density was not related to grassland patch
area in Wisconsin (Renfrew and Ribic, 2002). Vos and Ribic
(2013) reported that patch vegetation, not grassland patch size,
was important to Eastern Meadowlarks in Wisconsin prairies;
abundance was affected by proportion of grass and VOR. In
[llinois CRP grasslands, Eastern Meadowlark densities were
not associated with field size or edge-to-area ratio (Osborne
and Sparling, 2013). In Nebraska and lowa tallgrass prairies,
grassland area and edge-to-interior ratio had little effect on
density or occurrence (McLaughlin and others, 2014). Within
a rural/suburban interface of Boston, Massachusetts, the pres-
ence of Eastern Meadowlarks was positively related to area of
open grassland patches (that is, 84 patches varying from 2 to
34 ha and 100 m average width) (Forman and others, 2002).
Eastern Meadowlarks were present in 14 of the 84 grassland



patches and were assumed to be breeding in two grassland
patches with areas of 9.6 and 20.4 ha. Presence was unaffected
by distance to nearest open patch. In comparing the relative
importance of open-patch area to area of quality habitat (that
is, hayfield, pasture, oldfield), area of quality habitat was a
better predictor for meadowlark presence and use for breeding
than was area of open grassland patches.

The effects of edges on Eastern Meadowlark density or
nest success vary by study. In Wisconsin CRP grasslands, den-
sity of Eastern Meadowlarks did not change at edges or within
field interiors after removal of tree rows (Ellison and others,
2013). Nest density increased near edges after removal of tree
rows, with some nests within 1 m of the area where trees were
formerly growing. Compared to control sites, daily nest sur-
vival rate was not affected the first 2 years after tree removal.
Although survival rate decreased the third year, likely because
of an increase in grassland predators, the number of success-
ful nests was similar to that of controls and sites before the
removal of the trees, and survival rates increased with increas-
ing distance from edge. In Wisconsin pastures, although
meadowlark (Eastern and Western meadowlarks combined)
nest densities were smaller near edges, no statistically sig-
nificant relationship was reported between nest density and
distance to edge (Renfrew and others, 2005). In Wisconsin
pastures, the best model for predicting daily nest survival rate
included nesting stage but did not include variables related to
distance of nest to an edge (Ribic and others, 2012). Walk and
others (2010) reported that nest survival in small grassland
patches (3—142 ha) in southeastern Illinois was not related to
proximity to edges or patch size (<150 m). The researchers
compared daily survival rate for nests <50 m from cropland or
woodland edges to nests 50—100 m to cropland or woodland
edges. Fewer meadowlark nests were found within 100 m of
wooded edges than beyond 100 m, a pattern not observed for
cropland edges. In northeastern Illinois, Eastern Meadowlarks
were present in the interior of fields more than within the
50 m between the interior of the field and the wooded bound-
ary (O’Leary and Nyberg, 2000). Of 12 breeding territories in
Wisconsin, the average distance from the territory boundary
to woods was 165.8 m, to cultivated field was 45.8 m, and
to a fence line was 11.6 m (Wiens, 1969). On the Fort Riley
military installation in Kansas, Eastern Meadowlarks selected
nest sites significantly farther from habitat edges than random
sites (Hubbard and others, 2006). Distances to nearest military
vehicle track, shrub/tree, and perch were not significantly dif-
ferent from random sites. In a second Kansas study, successful
nests were not farther from edges (that is, fencelines, changes
in type of vegetation cover, roads, or ponds) than unsuccess-
ful nests, but nest success was poor throughout the study area
(Granfors and others, 1996).

Predation and brood parasitism of Eastern Meadowlark
nests generally increase in smaller grasslands or near edges.
In Illinois, Kansas, Missouri, North Dakota, and Oklahoma,
predation of Eastern Meadowlark nests was negatively associ-
ated with habitat patch area and was least in patches >1,000 ha
in size (Herkert and others, 2003). Brown-headed Cowbird
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(Molothrus ater) brood parasitism was not associated with
patch area. In Oklahoma, Patten and others (2006) examined
edge avoidance and brood parasitism in four different treat-
ments: undisturbed prairies, grazed prairies, burned prairies,
and roadside strips of woody vegetation. Eastern Meadow-
larks experienced the highest rates of brood parasitism along
roadside strips (19 percent of 26 nests). After accounting for
edge effect, higher rates of parasitism were in grazed plots,
particularly those burned in spring to increase forage, than in
undisturbed prairies. In Kansas, Eastern Meadowlarks that
nested within 100 m of woodland edges experienced signifi-
cantly higher rates of brood parasitism than did meadowlarks
that nested farther from woodland edges (Jensen, 1999). The
average nest distance from agricultural edges was about 44 m,
and the average nest distance from woodland edges was about
50 m. In Wisconsin, predation rates were lowest for nests
within 50 m of nonwooded edges than for nests near wooded
edges, yet this pattern did not persist when examined within
100 m of edges (Renfrew and others, 2005).

Eastern Meadowlark abundance is positively affected
by the amount of grassland in the surrounding landscape, as
indicated by several midwestern studies. Niemuth and others
(2017) investigated the relationship between Eastern Mead-
owlark occurrence and land use within an 800-m landscape of
BBS points within Nebraska and Kansas; occurrence was posi-
tively associated with percent coverage of grasslands (native
and tame), pastures and hayland (native and tame), CRP grass-
lands, shrubland, and emergent wetlands, and was negatively
associated with percent coverage of forests and developed
land. Ribic and others (2009a) reported larger densities in
Wisconsin fields with a greater proportion of grassland within
200 m. Murray and others (2008) indicated that the abundance
of Eastern Meadowlarks in Wisconsin was positively related to
the proportion of idle grasslands, pastures, hayland, and strip
crops encountered along survey routes and negatively related
to proportion of forest. At the 800-ha level, meadowlark
abundance was positively related to proportion of grassland
and to land-cover diversity. A grassland-by-forest interaction
also was included in the final model. Ribic and Sample (2001)
reported that the density of Eastern Meadowlarks along tran-
sects was positively correlated with the distance of transects
to woodlots and the total length of hedgerows within 200-m
and 400-m buffers around transects and, in contrast to other
Wisconsin studies, was not significantly correlated with the
amount of grassland area within a 200-m buffer.

In Michigan, Minnesota, and Wisconsin, Corace and
others (2009) reported that the loss of pasture or hayland
at the county scale was positively correlated with declining
Eastern Meadowlark abundance. In Minnesota, meadowlark
(Eastern and Western meadowlarks combined) abundance was
positively correlated with percentage of land in grass cover
(Kimmel and others, 1992). In Minnesota, the species was
in landscapes with various amounts of planted cover, from
0 percent to at least 18 percent cover within 23.4-square-kilo-
meter study sites (Welsh and Kimmel, 1991). In lowa, Eastern
Meadowlark abundance was positively correlated with large
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amounts of pasture, alfalfa hayland, and herbaceous fencerow
in the surrounding landscape and with moderate amounts

of rowcrops (Best and others, 2001). In another lowa study,
occurrence of Eastern Meadowlarks decreased with increased
amount of woodland within 300 and 800 m (Robles, 2010). In
Missouri, Jacobs and others (2012) determined that grassland
type, the percentage of grassland cover and density of edge
within 1 kilometer (km) of survey points, and vegetation struc-
ture were important for Eastern Meadowlarks.

In Illinois CRP grasslands, Eastern Meadowlark densi-
ties were negatively associated with the percentage of forest
cover within 250 m (Osborne and Sparling, 2013). In Kansas,
Missouri, and Nebraska, Eastern Meadowlark abundance was
positively related to CRP patch density, suggesting that CRP
distribution in small patches within a landscape is favorable to
the species (Riffell and others, 2010). In Nebraska, King and
Savidge (1995) reported no difference in Eastern Meadowlark
abundance between landscapes consisting of about 20 percent
CRP grasslands within 23-square-kilometer blocks of agricul-
tural land and landscapes consisting of <5 percent CRP grass-
lands. In CRP fields in Missouri, abundance of meadowlarks
(Eastern and Western meadowlarks combined) was negatively
correlated with core area of hay and core area of grassland
within 1 km (McCoy, 1996). Core area was defined as area of
grassland >50 m from a non-CRP edge. Abundance was posi-
tively correlated with length of pasture-hayland edge.

Brood Parasitism by Cowbirds and
Other Species

Shaffer and others (2019) summarized rates of Brown-
headed Cowbird brood parasitism in Eastern Meadowlark
nests from the literature; cowbird parasitism rates varied from
0 percent (Galligan and others, 2006; Giocomo and others,
2008; Walk and others, 2010; Vos and Ribic, 2013; Jaster
and others, 2014) to 70 percent of 40 nests (Elliott, 1978).
Eastern Meadowlark nests may be multiply parasitized (that
is, contain two or more cowbird eggs) by one or more female
cowbirds (Eifrig, 1919; Francq, 1972; Elliott, 1976; Granfors,
1992; Rivers and others, 2010), and the species will occa-
sionally abandon nests because of cowbird brood parasitism
(Roseberry and Klimstra, 1970; Elliott 1976, 1978). Eastern
Meadowlarks are considered intermediate rejectors of cowbird
eggs; in response to experimental nest parasitism in Illinois,
Eastern Meadowlarks rejected 36 percent of 14 mimetic
artificial cowbird eggs and 40 percent of 10 nonmimetic
artificial cowbird eggs (Peer and others, 2000). In Kansas, no
significant differences in vegetation variables were indicated
between parasitized and unparasitized nests (Granfors, 1992).
In Illinois, Kansas, Missouri, and Oklahoma, Brown-headed
Cowbird brood parasitism of Eastern Meadowlark nests was
positively associated with cowbird abundance (Herkert and
others, 2003). In Oklahoma, parasitism rates were highest in
prairies that had been burned and grazed than in prairies that

were only grazed or that were undisturbed (Patten and others,
2006, 2011). For Eastern Meadowlarks, the few nests placed
above 16 cm (usually on a bunchgrass tussock) were parasit-
ized more heavily than nests below this height (Patten and
others, 2011). Other nest attributes, such as distance to woody
vegetation and proximity to edges, perches, or livestock,

had little effect on parasitism rate. In Kansas and Oklahoma,
Eastern Meadowlark nests had a smaller probability of being
parasitized in unburned hayland than in the six other manage-
ment types (burned and unburned CRP grasslands and season-
long pastures, burned intensive-early stocked cattle pastures,
and burned hayland), but differences were significant in only 1
of 2 years (Rahmig and others, 2009). None of these manage-
ment practices significantly affected Eastern Meadowlark daily
nest survival.

Breeding-Season Phenology and Site
Fidelity

Eastern Meadowlarks are year-round residents through-
out most of their range, except in the northernmost portion of
their breeding range (Jaster and others, 2012). Migrants in the
northern portions of the species’ range generally arrive on the
breeding grounds from early January to late May and depart
for the wintering grounds from early August to late December
(George, 1952; Batts, 1958; Gross, 1965; Beason, 1970; Har-
rison, 1974; Johnsgard, 1980; Faanes, 1981; Janssen, 1987,
Kent and Dinsmore, 1996; Jaster and others, 2012).

Breeding is from late March to August (Jaster and others,
2012). Peak breeding season ranges from early May in Kansas
and southern Illinois to mid-May in Wisconsin, New York, and
Massachusetts (Roseberry and Klimstra, 1970). The earliest
recorded date of egg laying in southern Illinois was April 14
(Roseberry and Klimstra, 1970). Eastern Meadowlarks may be
double brooded (Lanyon, 1956b, 1957; Easterla, 1962; Gross,
1965; Wiens, 1969; Roseberry and Klimstra, 1970; Francq,
1972; Johnsgard, 1979; Kershner and others, 2004a), espe-
cially when the first nest is started early in the nesting season
(Roseberry and Klimstra, 1970). Unsuccessful females will
attempt to renest within a single season (Lanyon, 1956b, 1957,
Easterla, 1962; Kershner and others, 2004a). In Illinois, Ker-
shner and others (2004a) reported no differences in nest-site
characteristics between successful and failed nests or between
initial nests and renesting attempts.

Both sexes of Eastern Meadowlarks exhibit site fidelity
to previous breeding areas (Lanyon 1956b, 1957; Jaster and
others, 2012). During a 3-year period, 57 percent of 14 banded
males returned to the area where the males had been banded;
only one did not return to his former territory (Lanyon, 1957;
Jaster and others, 2012). None of the six males that failed
to return were in a 1.6-km zone around the study area; these
males were presumed to have died. Of 22 banded females,

55 percent returned, with only three birds failing to return to
the previous year’s territory. Two of the three moved because



no males occupied the territory, and one moved because
the previous year’s territory was defended by a Western
Meadowlark.

In Illinois, Kershner and others (2004a) indicated that an
annual adult survival rate of 59-61 percent was necessary to
maintain a stable population of Eastern Meadowlarks. During
radio-telemetry studies of summer movements of postfledging
Eastern Meadowlarks, Suedkamp Wells and others (2007) in
Missouri and Kershner and others (2004b) in Illinois estimated
the cumulative probability of a juvenile surviving the summer
study period as 63 percent and 5669 percent, respectively.

Eastern Meadowlarks may be polygynous (Wiens, 1969;
Lanyon, 1957; Jaster and others, 2012). In Ontario, Knapton
(1988) reported that nest success of females mated with a
polygynous male was significantly higher than females mated
with a monogamous male.

Species’ Response to Management

Numerous studies have evaluated the effects of burning,
mowing, grazing, and combinations thereof on Eastern Mead-
owlarks. The following studies were in the tallgrass prairies
of the Flint Hills of Kansas and Oklahoma, where livestock
producers employ a combination of burning and grazing to
maximize forage production. Zimmerman (1992, 1993, 1997)
was one of the first researchers to examine the impact of burn-
ing of grasslands in the Flint Hills on Eastern Meadowlarks.
Although relative abundance was not affected by burning in
moist years, Zimmerman (1992) indicated that Eastern Mead-
owlark abundance may be reduced in drought years. Relative
abundance did not differ among annually spring-burned tall-
grass prairies, prairies burned less frequently (interval length
not given), and unburned prairies (Zimmerman, 1993, 1997);
however, the average production of young per attempted nest
was larger in unburned, ungrazed prairies than in burned,
ungrazed prairies (Zimmerman, 1997). Powell (2006, 2008)
evaluated the effect of season since last burn and long-term
fire frequency on abundance and reported that Eastern Mead-
owlarks were least abundant in the nesting season immediately
following a burn. Abundance was high 1-3 years after the
most recent burn. Abundances in annually burned and 4-year
burn-frequency transects were about equal, and abundance
was largest in transects with 20-year burn frequencies. Eastern
Meadowlark densities were smaller in burned idle grasslands
than in unburned idle, grazed, or hayed grasslands (Powell
and Busby, 2013). In 2004 and 2005 in Kansas and Oklahoma,
With and others (2008) examined the long-term viability
of Eastern Meadowlark populations, and Rahmig and oth-
ers (2009) evaluated density and nest success, within burned
and unburned pastures and native hayfields of the Flint Hills.
Pastures were classified as intensively early stocked (one head
of cattle per 0.8 ha for 90 days, mid-April through mid-July)
and season-long stocked (one head of cattle per 1.6 ha for
180 days, mid-April through mid-October). Intensively early
stocked pastures were burned; season-long stocked pastures
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were further classified as burned or unburned. Nest density
and survival of Eastern Meadowlarks were not affected by
management treatment (Rahmig and others, 2009). Likeli-
hood of regional viability for Eastern Meadowlarks in the Flint
Hills during the 2-year study was <25 percent, with predicted
declines of 1224 percent per year (With and others, 2008).

The following five studies were in tallgrass prairies
within the Tallgrass Prairie Preserve of Oklahoma. Rohrbaugh
and others (1999) reported that the number of nests, clutch
size, and number of young fledged from successful nests did
not differ significantly among tallgrass plots that were idle,
burned, or grazed; however, fewer nests were found on idle
plots in the second and third year of the study than in the
first year, possibly because of increased vegetation density
caused by lack of either fire or grazing. Nesting success was
significantly higher on undisturbed plots in the brood-rearing
period but did not vary significantly during the incubation
period. Coppedge and others (2008) reported that Eastern
Meadowlark abundance was similar on annually burned and
patch-burned pastures, but the species was more abundant in
areas with larger percentages of litter, tallgrass, and shortgrass
cover, and a lower angle of vegetation obstruction (that is,
an index of visual obscurity that is a function of vegetation
density and horizontal and vertical structure). Fuhlendorf and
others (2006) indicated that Eastern Meadowlark abundance
was greater 1-2 years postburn in patches burned at varying
intervals (0 to >36 months) to promote vegetative heterogene-
ity than in areas burned annually; both treatments also were
grazed. Patten and others (2006) reported that nests in grazed
pastures managed with prescribed fire had higher rates of
brood parasitism than those in idle prairies. Hovick and others
(2015) established seven experimental pastures with various
levels of patchiness ranging from annually burned with spring-
only fires to a 4-year fire-return interval to examine the inter-
action of fire and grazing; Eastern Meadowlark abundance was
not related to fire-return interval but was positively affected by
number of patches, and hence increasing heterogeneity, and
was positively related to litter cover.

In Illinois tallgrass prairies, abundances did not differ
1-3 years postburn (Herkert, 1994a). In Illinois restored and
native grasslands, Eastern Meadowlarks showed no preference
among areas that were burned, hayed, high-mowed (stubble
>30 cm tall remained on the field), or idled (Westemeier
and Buhnerkempe, 1983). In an Illinois study that compared
counts of birds in warm- and cool-season grasses and annual
weeds with several treatment types (burning, haying, mow-
ing, grazing, and idle), Eastern Meadowlarks were most
abundant in grazed warm-season grasses (Walk and Warner,
2000). In Iowa, Hovick and Miller (2016) compared Eastern
Meadowlark nest survival in a patch-burn grazed treatment
(that is, interacting fire and grazing) with nest survival in
a grazed-and-burned treatment (that is, burned every third
year and moderately stocked with cattle). Average daily nest
survival was similar across treatments, but patch-burn grazing
resulted in more stable survival rates from 1 year to the next,
whereas the grazed-and-burned treatment created an apparent
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boom-and-bust survival cycle. In lowa and Missouri, Pillsbury
(2010) evaluated the effect of fire-grazing interactions on East-
ern Meadowlark densities by comparing grasslands assigned
to treatments of burn-only patches, patch-burn grazing, or
grazing and burning of the entire fields. Eastern Meadowlark
density was largest on both of the burn-grazed treatments than
burned-only fields. In Missouri tallgrass prairies, patch-burn
grazed sections had significantly greater densities of Eastern
Meadowlarks than annually burned sections (Stroppel, 2009).
Patch-burn grazed sections had greater densities in all 3 years
of the study with greatest densities 1-2 years after burning. In
Missouri, density of Eastern Meadowlarks was not affected by
time since last burning or haying, although density tended to
be smaller in areas the first year postburn than in areas after
the first year postburn (Winter, 1998). Similarly, in another
Missouri study, Wood and others (2013) reported that East-
ern Meadowlark abundance was not affected by time since a
prescribed fire, although abundances tended to be higher as
time progressed. In Wisconsin, Eastern Meadowlarks appeared
on a restored prairie the third year after the restored prairie
was reseeded, which also was the year that restored prairie had
been burned (Volkert, 1992); the timing of the burn treatment
in relation to the age of the restoration confounds conclusions
related to Eastern Meadowlark response to burning.

In native grasslands in Arizona, Eastern Meadowlarks
were more abundant in unburned than in burned fields; burned
fields had less grass and shrub coverage and more forb cover-
age and bare ground than unburned fields (Bock and Bock,
1988). Meadowlarks preferred burned, native flood-plain
grasslands of big sacaton (Sporobolus wrightii) over unburned
grasslands; burned sacaton grasslands had significantly
less coverage of sacaton grass, no difference in coverage of
other grasses, and greater forb coverage and bare ground
than unburned sacaton grasslands (Bock and Bock, 1988).

In another study at the same study site, Eastern Meadowlark
abundance was significantly smaller the first year postburn

on native grasslands compared to unburned native grasslands
(Bock and Bock, 1992). No differences in abundance between
burned and unburned tame grasslands were detected. Abun-
dance was positively correlated with shrub coverage; Eastern
Meadowlarks were observed singing from shrubs and prob-
ably avoided areas where fire reduced shrub coverage.

Hayland provides grassland habitat for Eastern Meadow-
larks during the breeding season, but haying operations may
be detrimental to the species’ productivity. In Kansas, mow-
ing resulted in nest failure and in some cases abandonment of
mowed fields (Granfors, 1992). In Michigan, Eastern Mead-
owlarks successfully fledged one brood before mowing but
ceased breeding activities in those fields after the fields were
mowed (Harrison, 1974). For Eastern Meadowlarks nesting
at rural Illinois airports, nest success decreased as mowing
frequency and percentage of grass cover increased (Kershner
and Bollinger, 1996). Nest success increased as percentages
of cover by clover (Trifolium spp.) and other forbs increased.
Mowing was the primary disturbance responsible for poor nest
productivity. Kershner and Bollinger (1996) indicated that

rural airports may be ecological traps because nest density of
Eastern Meadowlarks was large, but nest success was poor.
Mowed fields continued to be used as foraging sites. Mow-
ing destroyed 18 percent of 182 nests in Illinois hayfields (no
information is provided on the timing of mowing) (Roseberry
and Klimstra, 1970). Eastern Meadowlarks preferred tame
hayland consisting of several grass species over hayfields

of red clover (7rifolium pratense) or alfalfa. Meadowlarks
probably nested in clover fields because of grass invasion that
provided some nesting cover, whereas alfalfa fields had poor
grass coverage. In another study in Illinois hayfields, abun-
dance of Eastern Meadowlarks was similar between mowed
and unmowed areas (Herkert, 1991). Mowed sites were cut
1-4 months before May 1, whereas unmowed sites had been
uncut for at least 12 months before May 1. In the Midwest,
Hays and Farmer (1990) indicated that mowing in the pre-
vious year can be beneficial to meadowlark (Eastern and
Western meadowlarks combined) habitat in the next breeding
season, based on the HSI. Hays and Farmer (1990) reported
that, across the United States, emergency mowing (because of
severe drought) of CRP grasslands in the previous breeding
season enhanced the habitat suitability for meadowlarks in the
next breeding season by causing an increase in herbaceous
canopy cover and in the proportion of grasses composing the
herbaceous canopy. Mowing in the previous year also resulted
in more grass coverage than in unmowed fields. In Ohio, no
difference in nest densities was documented between mowed
and unmowed portions of reclaimed strip-mine grasslands
(Ingold, 2002).

Eastern Meadowlarks generally respond positively to
moderate grazing in grasslands with taller vegetation and
respond negatively to heavy grazing in grasslands with
shorter vegetation (Bock and others, 1993). In a southwest-
ern Wisconsin study, Eastern Meadowlarks were present in
lightly grazed fields that were adjacent to riparian areas and
that were under both continuous grazing and rotational grazing
regimes (neither regime was defined in the study) (Renfrew
and Ribic, 2001). In southwestern Wisconsin, Eastern Mead-
owlark territories were observed on ungrazed pastures but
not on continuously grazed or rotationally grazed pastures
(Temple and others, 1999). In Illinois, Roseberry and Klim-
stra (1970) examined meadowlark use of lightly grazed and
heavily grazed pastures, a pasture that had been ungrazed for
2 years, and a tame hayfield. Roseberry and Klimstra (1970)
reported that as grazing intensity increased, bird density
declined, indicating that heavily grazed pastures were not suit-
able as Eastern Meadowlark habitat. Of 200 nests, 60 percent
were found on grazed areas at a density of 0.3 nest per ha, and
40 percent were found on the ungrazed field at a density of
2.5 nests per ha. A total of 51 nests were found in tame hay-
land at a density of 0.3 nest per ha. In one 16-ha tame pasture,
cattle grazed vegetation to heights ranging from 2.5 to 7.6 cm.
During 3 years of heavy grazing, eight nests were found in that
pasture. During a year when grazing was less intense, vegeta-
tion was more abundant and uniformly distributed, attaining
heights of 12.7 cm. Eleven nests were found in that year. Nests



were built in vegetation clumps. In another tame pasture,
which was heavily grazed for 2 years, three nests were found
the two years. The next year, grazing pressure was reduced,
and 13 nests were found. In the following year, the pasture
was reseeded to Kentucky bluegrass and meadow fescue, and
12 nests were found. In the third and fourth years, no grazing
occurred, and 41 and 39 nests were found, respectively (Rose-
berry and Klimstra, 1970).

In Missouri, Eastern Meadowlarks were observed in
grasslands of short to medium stature (about 50 percent
coverage 1 cm above ground and about 20 percent coverage
25 cm above ground) that were moderately to heavily grazed
(grazed to heights 0—10.2 cm, 10.2-20.3 cm, 20.3-30.4 cm,
and >30.4 cm) (Skinner and others, 1984). In Missouri and
Oklahoma tallgrass prairies, density of Eastern Meadowlarks
increased in response to moderate grazing (10.2-30.4 cm tall)
(Skinner, 1975; Risser and others, 1981). Also in Oklahoma
tallgrass prairies, birds were more abundant in a moderately
grazed pasture than in an idle pasture (Risser and others,
1981). Risser and others (1981) indicated that heavy grazing
would reduce meadowlark densities. The ungrazed field was
characterized by dense, homogeneous vegetation cover, thick
litter, and few forbs. The grazed field was characterized by
reduced vegetation cover and litter depth, increased vegeta-
tion heterogeneity, and greater density of forbs. In another
Oklahoma study, meadowlarks (Eastern and Western meadow-
larks combined) nested more frequently in moderately grazed
tallgrass pastures than in undisturbed prairies (Smith, 1940).
Heavily grazed sites were not used for nesting, but they were
used as foraging sites, possibly because of large abundances of
grasshoppers (Acrididae, Tettigoniidae, Phasmatidae, Gryl-
lidae, and Mantidae). In Kansas, Eastern Meadowlarks were
common on moderately grazed pastures with open areas and
mid-height (no values given) grasses (Eddleman, 1974). In
another Kansas study, low-intensity cattle grazing (one cow-
calf pair per 3 ha) had a positive effect on abundance (Powell,
2008). In Kansas tallgrass prairies, Eastern Meadowlark densi-
ties did not differ between pastures grazed year round and
those grazed only in winter (Johnson and Sandercock, 2010).
In Kansas, Francq (1972) reported that of 14 nests in a pasture,
21 percent were destroyed because of trampling by cattle.

In Texas, Eastern Meadowlark abundance was greater in
moderately grazed shortgrass pastures than in heavily grazed
shortgrass pastures in both sandy loam and clay soils (Baker
and Guthery, 1990). In southeastern Arizona, abundance was
similar between grazed and ungrazed upland native pastures
(Bock and others, 1984; Bock and Bock, 1988). Grazed grass-
lands had significantly less grass and shrub coverage, greater
bare ground coverage, and no difference in forb coverage than
ungrazed grasslands (Bock and Bock, 1988).

Eastern Meadowlarks readily occupy CRP grasslands
during the breeding season. In a study relating grassland
bird abundance from BBS data to CRP grasslands across
seven ecological regions spanning the eastern United States,
Riffell and others (2008) reported a positive relationship with
CRP grasslands for Eastern Meadowlark abundance in all

Species’ Response to Management 1"

ecological regions. Using BBS data from the Great Plains,
Veech (2006) characterized the landscape within a 30-km
radius of populations of Eastern Meadowlarks that were
increasing or decreasing; CRP grasslands constituted a greater
proportion of the landscape for increasing populations than for
decreasing populations. The proportion of rangeland and of
urban lands did not differ between increasing and decreasing
populations. In Wisconsin, Eastern Meadowlarks were indica-
tor species for CRP habitat in 1 of 2 years (Ribic and others,
2009a). McCoy and others (1999) reported that fecundity of
Eastern Meadowlarks over 3 years in Missouri CRP fields was
large enough to maintain a stable population. In contrast, use
of CRP fields within the Flint Hills of Kansas and Oklahoma
was very low (With and others, 2008). In eastern Kansas,
meadowlark (Eastern and Western meadowlarks combined)
abundances in tallgrass pastures were greater than abundances
in CRP fields planted to native grasses, probably because
of greater forb and insect abundance and shorter vegetative
height in pastures than in CRP grasslands (Klute, 1994; Klute
and others, 1997). Both CRP grasslands and native pastures
were burned annually in spring. Nest success and number of
young fledged did not differ between nests in burned tallgrass
prairies and CRP fields (Granfors and others, 1996). In CRP
grassland fields in eastern Kansas, abundance of meadowlarks
(Eastern and Western meadowlarks combined) was similar on
unburned and burned CRP fields (Robel and others, 1998).
Abundance was not significantly different between the year of
burn and 1 year later, but abundance was larger in the year of
burn than 2—4 years later. In Wisconsin CRP fields planted to
switchgrass, abundance of Eastern Meadowlark was highest
in the postharvested fields, followed by the unharvested fields,
and the species was not present within the preharvested fields;
the species was only in the unharvested switchgrass field with
the lowest vegetation height-density (Roth and others, 2005).
In CRP grasslands in Illinois, Osborne and Sparling (2013)
detected no difference in densities of Eastern Meadowlarks
among idle CRP fields compared to fields that were either
disked, sprayed with glyphosate, or sprayed and interseeded
with legumes. In lowa, Schulte and others (2016) examined
bird response to experimentally integrated strips of native
perennial vegetation planted within rowcrops. Treatments were
100 percent rowcrop (that is, O percent prairie, the control),
10 percent of area planted to native vegetation in one strip on
the footslope, 10 percent in multiple strips on the contour, and
20 percent in multiple strips on the contour. The abundance of
Eastern Meadowlarks was unaffected by treatments.
Insecticide and herbicide treatments may directly or indi-
rectly affect Eastern Meadowlark populations. In Oklahoma,
eight Eastern and Western meadowlarks died from exposure
to two organophosphate insecticides (disulfoton and phorate;
Griffin, 1959). At the Pawnee National Grassland in Colorado,
malathion and toxaphene were applied at rates of 0.6 kilogram
(kg) per ha and 1.1 kg per ha, respectively (McEwen and Ells,
1975). Two dead meadowlarks contained toxaphene residues
of 4.5 and 2.7 parts per million. In a long-term study in Maine,
lowbush blueberries (Vaccinium angustifolium) were sprayed
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with the herbicide hexazinone at a rate of 4 kg per ha (Vickery,
1993). Territory density of Eastern Meadowlarks decreased
and did not recover during the 8-year duration of the study;
territory density appeared to be limited by herbicide-induced
reduction in graminoid coverage and increased blueberry
coverage. In New Mexico, Eastern and Western meadowlark
density did not differ among control plots and those grazed

or treated with herbicide (tebuthiuron) (Smythe and Haukos,
2010).

Eastern Meadowlarks appear to be fairly intolerant of
urban development. In a suburban/rural interface near Boston,
Mass., the presence of Eastern Meadowlarks was positively
related to the distance from busy roads (=30,000 vehicles per
day) and negatively related to percent developed area (primar-
ily houses with yards) adjacent to survey patches (Forman
and others, 2002). The presence of Eastern Meadowlarks
was unaffected by roads with 3,000-30,000 vehicles per day,
although breeding may be reduced within 400 m of roads with
8,000—15,000 vehicles per day and within 1,200 m for roads
with >30,000 vehicles per day. In Nebraska and Iowa tallgrass
prairies, level of urbanization negatively affected Eastern
Meadowlark occurrence and density (McLaughlin and others,
2014). Urbanization was defined as the percentage of land
occupied by lawn, roads, impervious surfaces, and buildings;
high urbanization was 50.2 percent, moderate was 17.5 per-
cent, and low was 3.7 percent. In tallgrass prairie patches near
Chicago, Illinois, Eastern Meadowlark density was unaffected
by a gradient of urbanization (Buxton and Benson, 2016).

Little or no evidence has been reported of behavioral
displacement or sensitivity of Eastern Meadowlarks to wind
energy development during the breeding season (Piorkowski,
2006; Piorkowski and O’Connell, 2010; Hale and others,
2014; Hale, 2016; Johnson, 2016). In the southern Great
Plains, Wulff and others (2016) indicated that meadowlarks
(Eastern and Western meadowlarks combined) fly at greater
heights during the summer (June—August) than in the winter
(December—February), spring (March—-May), and autumn
(September—November); higher flights of meadowlarks during
the summer place them at greater risk of collision with wind
turbines during the breeding season. In Oklahoma, Piorkowski
(2006) and Piorkowski and O’Connell (2010) reported 11 bird
mortalities, including one Eastern Meadowlark, that resulted
from collisions with wind turbines. Stevens and others (2013)
indicated no evidence of displacement by wind facilities for
meadowlarks (Eastern and Western meadowlarks combined)
during the winter in Texas.

Management Recommendations from
the Literature

Eastern Meadowlarks are affected by both landscape and
local features. For the Eastern Meadowlark and other bird
species that may be restricted to larger grassland fragments,
Herkert (1994a) and Faanes and Lingle (1995) recommended

protecting large, native prairies and wet meadows from con-
version to agricultural production. Herkert (1994c), however,
cautioned that conservation plans or policies that address only
the issue of grassland area are likely to meet with limited
success because both grassland area and vegetation structure
significantly influence populations of Eastern Meadowlarks
and other grassland birds. Reverting agricultural fields back
to perennial grasslands will be beneficial to Eastern Mead-
owlarks (Veech, 2006). Reclaimed coal mines may be good
targets for land preservation and grassland bird conservation
in the eastern United States, as reclaimed mines are large
(>2,000 ha), owned by a single entity, and typically are not
desirable for agricultural uses (Galligan and others, 2006); the
nesting success of Eastern Meadowlarks at Indiana reclaimed
mines was comparable with that in nonmined grassland habi-
tats at other midwestern grassland sites.

Eastern Meadowlarks typically avoid areas with heavy
woody invasion (Kahl and others, 1985; Sample, 1989), and
thus limiting the encroachment of woody vegetation into
grasslands will benefit Eastern Meadowlarks (Sample, 1989;
Herkert, 1994a; Winter, 1998; Hubbard and others, 2006; Pat-
ten and others, 2006). Removal of woody vegetation within
and along the periphery of grassland fragments will enlarge
the amount of interior grassland, reduce the amount of edge
habitat, and discourage predators that may use woody vegeta-
tion as travel corridors (Winter, 1998; O’Leary and Nyberg,
2000; Winter and others, 2000; Ellison and others, 2013).
However, removal of woody edges may shift the predator
community from woodland to grassland predators, so char-
acterization of the predator community and activity before
and after woody removal may be necessary to gauge manage-
ment success (Ellison and others, 2013). Ellison and others
(2013) recommended that the guidelines for Federal and State
agricultural conservation programs (for example, CRP) should
be designed such that the planting of trees is not incentivized
or encouraged in or adjacent to upland grassland habitats,
especially those in open grassland landscapes of high con-
servation priority. Small CRP fields surrounded by forest are
of less value to grassland birds than larger fields that are not
surrounded by forest (Osborne and Sparling, 2013).

Habitat quality and food sources (for example, insects)
can be improved in managed grasslands (for example, CRP,
WPA) for Eastern Meadowlarks and other grassland birds
by promoting greater forb density and diversity (Hull, 1993;
Klute, 1994; Niesar, 1994; Hull and others, 1996; Klute and
others, 1997). Greater forb density and diversity may be
accomplished by allowing natural succession to proceed for
a period of time or by interseeding forb species in grassland
plantings (Klute, 1994; Niesar, 1994).

Periodic fires may be used to maintain or create suitable
grassland habitat for Eastern Meadowlarks (Herkert, 1994a).
A variety of grassland habitat conditions can be maintained by
providing a mosaic of burned and unburned habitats (Volkert,
1992; Herkert, 1994a; Rohrbaugh and others, 1999; Powell,
2008; Stroppel, 2009; Wood and others, 2013). Herkert and
others (1993) recommended that prairie patches >80 ha should



be burned on a rotation schedule, with 20-30 percent of the
area treated annually; a rotational burning system will ensure
the availability of suitable habitat for birds at either end of the
management spectrum in every year and for those bird spe-
cies, such as the Eastern Meadowlark, whose habitat prefer-
ences fall between the two extremes (Herkert, 1994a). Herkert
and others (1993) recommended that small, isolated prairie
patches should not have more than 50—-60 percent of the total
area burned at a time; where several small prairie patches are
present in close proximity, a rotating burn schedule also can be
implemented to provide adjacent burned and unburned areas.
Burning may be preferred over haying, because vegetation
recovers more quickly after burning than after haying (Winter,
1998).

Burning to control woody invasion and to maintain
grassland vegetation is beneficial to Eastern Meadowlarks, but
annual burning followed by grazing may have adverse effects
(for example, smaller abundances or poorer nest survival) on
Eastern Meadowlarks and other grassland birds because of the
intense cropping by domestic and native grazers on recently
burned grasslands (Zimmerman, 1997). Zimmerman (1997)
recommended that grazing should be discouraged on burned
grasslands to allow regrowth of herbaceous vegetation. After
accounting for the effects of wooded roadside edges, Patten
and others (2006) reported that grazing after annual spring
burns in Oklahoma tallgrass prairies increased the probability
of cowbird brood parasitism in nests of some grassland bird
species. Erickson (2017) concluded that, in tallgrass prairies
in Kansas and Oklahoma, annual burning coupled with heavy
grazing may not create suitable nesting habitat for the East-
ern Meadowlark. Hovick and Miller (2016) determined that
restoring heterogeneity to fragmented lowa grasslands through
patch-burn grazing can positively affect Eastern Meadowlark
populations by stabilizing nest survival rates over time; the
authors recommended focusing management on patch burn-
ing with moderately stocked cattle in that region. Westemeier
and Buhnerkempe (1983) recommended that tallgrass prairies
should be burned every 3—5 years or mowed only at intervals
of at least 3 years. Burning is particularly recommended for
areas where grazing is not used as a management tool. Powell
and Busby (2013), however, reported the smallest densities of
Eastern Meadowlarks in fields burned every 3—4 years.

Prescribed fires can be used as an alternative to hay-
ing management to periodically invigorate vegetation in
CRP grasslands (Granfors and others, 1996). Prescribed
fires also may be used to thin vegetation that has become too
dense. Robel and others (1998) recommended burning CRP
grasslands every 2-3 years, and Kimmel and others (1992)
and King and Savidge (1995) recommended burning every
3-5 years. Cool burns (that is, low-intensity fires) may allow
some bunchgrasses and forbs to remain after the burn (Gran-
fors and others, 1996). In tallgrass prairies and plantings,
prescribed fires in late spring may reduce or eliminate compe-
tition from nonnative cool-season grasses and weeds (Skinner,
1975).
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Periodic disturbances, such as haying or grazing, will
increase floristic and structural diversity of seeded-native
CRP grasslands, making them more attractive to meadow-
larks (McCoy, 1996). Haying of CRP grasslands may enhance
habitat quality for meadowlarks in the next breeding season;
habitat quality may decline if CRP grasslands are not reju-
venated by some type of disturbance every few years (Hays
and Farmer, 1990). Hays and Farmer (1990) indicated that
the optimal haying management in CRP grasslands should be
no more often than every 35 years, take place in late sum-
mer, and include raking to reduce and loosen the litter layer.
Delaying prescribed fires and mowing activities in CRP and
other grasslands until later in the breeding season will enhance
suitable nesting habitat, prevent nest destruction, and allow
young to fledge (Sample, 1989; Bryan and Best, 1991; Gran-
fors, 1992; Herkert, 1994a; Granfors and others, 1996; Powell
and Busby, 2013). If CRP management is required to control
weeds, spot mowing and spot spraying after July 15 may
reduce nest destruction (Granfors and others, 1996; Delisle
and Savidge, 1997).

In Missouri, Skinner (1975) and Skinner and others
(1984) recommended moderate grazing in grasslands in which
the average vegetation height is 20.3-30.4 cm; moderate graz-
ing intensity will enhance both avian species and plant height
diversity. Plant vigor in tallgrass prairies can be maintained
by not grazing warm-season grasses to <25 cm tall during a
growing season. Rotating livestock among two or more graz-
ing units will provide a diversity of plant heights.

Soil type, annual precipitation, length of the growing
season, and grazing intensity are all important factors to con-
sider during management decisions involving grazing (Baker
and Guthery, 1990). Depending on soil type, grazing intensity
differentially affects the amounts of vegetation cover and bare
ground, which in turn affects use by Eastern Meadowlarks.

References

Baker, D.L., and Guthery, F.S., 1990, Effects of con-
tinuous grazing on habitat and density of ground-
foraging birds in south Texas: Journal of Range
Management, v. 43, no. 1, p. 2-5. [Also available at
https://dx.doi.org/10.2307/3899109.]

Batts, H.L., Jr., 1958, The distribution and population of
nesting birds on a farm in southern Michigan: Jack-Pine
Warbler, v. 36, no. 3, p. 131-149.

Beason, R.C., 1970, The annual cycle of the Prairie Horned
Lark in west central Illinois: Macomb, I11., Western Illinois
University, Master’s Thesis, 160 p.

Best, L.B., Bergin, T.M., and Freemark, K.E., 2001, Influence
of landscape composition on bird use of rowcrop fields: The
Journal of Wildlife Management, v. 65, no. 3, p. 442—449.
[Also available at https://dx.doi.org/10.2307/3803096.]


http://dx.doi.org/10.2307/3899109
http://dx.doi.org/10.2307/3803096

14 The Effects of Management Practices on Grassland Birds—Eastern Meadowlark (Sturnella magna)

Best, L.B., Campa, H., III, Kemp, K.E., Robel, R.J., Ryan,
M.R., Savidge, J.A., Weeks, H.P., Jr., and Winterstein, S.R.,
1997, Bird abundance and nesting in CRP fields and crop-
land in the Midwest—A regional approach: Wildlife Society
Bulletin, v. 25, no. 4, p. 864-877.

Best, L.B., and Hill, B.J., 1983, Fencerows are for the birds:
Iowa Bird Life, v. 53, no. 1, p. 16-21.

Birkenholz, D.E., 1973, Habitat relationships of grassland
birds at Goose Lake Prairie Nature Preserve, in Hulbert,
L.C., ed., Proceedings of the third Midwest Prairie Confer-
ence: Manhattan, Kans., Kansas State University, p. 63—66.

Bock, C.E., and Bock, J.H., 1988, Grassland birds in south-
eastern Arizona—Impacts of fire, grazing, and alien vegeta-
tion, in Goriup, P.D., ed., Ecology and conservation of
grassland birds: International Council for Bird Preservation
Publication 7, p. 43-58.

Bock, C.E., and Bock, J.H., 1992, Response of birds to wild-
fire in native versus exotic Arizona grassland: The South-
western Naturalist, v. 37, no. 1, p. 73-81. [Also available at
https://dx.doi.org/10.2307/3672149.]

Bock, C.E., Bock, J.H., Jepson, K.L., and Ortega, J.C.,
1986, Ecological effects of planting African love-grasses

in Arizona: National Geographic Research, v. 2, no. 4,
p- 456-463.

Bock, C.E., Bock, J.H., Kenney, W.R., and Hawthorne, V.M.,
1984, Responses of birds, rodents, and vegetation to live-
stock exclosure in a semidesert grassland site: Journal of
Range Management, v. 37, no. 3, p. 239-242. [Also avail-
able at https://dx.doi.org/10.2307/3899146.]

Bock, C.E., Saab, V.A_, Rich, T.D., and Dobkin, D.S., 1993,
Effects of livestock grazing on Neotropical migratory
landbirds in western North America, in Finch, D.M., and
Stangel, P.W., eds., Status and management of Neotropi-
cal migratory birds: Fort Collins, Colo., U.S. Department
of Agriculture, Forest Service, Rocky Mountain Forest
and Range Experiment Station, General Technical Report
RM-229, p. 296-309.

Bollinger, E.K., 1988, Breeding dispersion and reproductive
success of Bobolinks in an agricultural landscape: Ithaca,
N.Y., Cornell University, Ph.D. Dissertation, 189 p.

Bollinger, E.K., 1995, Successional changes and habitat selec-
tion in hayfield bird communities: The Auk, v. 112, no. 3,
p. 720-730.

Boyer, G.F., and Devitt, O.E., 1961, A significant increase
in the birds of Luther Marsh, Ontario, following freshwa-
ter impoundment: Canadian Field-Naturalist, v. 75, no. 4,
p. 225-237.

Bryan, G.G., and Best, L.B., 1991, Bird abundance and spe-
cies richness in grassed waterways in lowa rowcrop fields:
American Midland Naturalist, v. 126, no. 1, p. 90-102.
[Also available at https://dx.doi.org/10.2307/2426153.]

Buxton, V.L., and Benson, T.J., 2016, Conservation-priority
grassland bird response to urban landcover and habitat
fragmentation: Urban Ecosystems, v. 19, no. 2, p. 599-613.
[Also available at https://dx.doi.org/10.1007/s11252-016-
0527-3.]

Caito, J.L., 1993, Avian diversity on restored grasslands in
northwest Ohio: Columbus, Ohio, Ohio State University,
Master’s Thesis, 136 p.

Castrale, J.S., 1985, Responses of wildlife to various tillage
conditions: Transactions of the North American Wildlife
and Natural Resources Conference, v. 50, p. 142—-149.

Cink, C.L., and Lowther, P.E., 1989, Breeding bird popula-
tions of a floodplain tallgrass prairie in Kansas, in Bragg,
T.B., and Stubbendieck, J., eds., Proceedings of the eleventh
North American Prairie Conference: Lincoln, Nebr., Univer-
sity of Nebraska Printing, p. 259-262.

Clark, T.W., Campbell, T.W., III, Socha, D.G., and Cassey,
D.E., 1982, Prairie dog colony attributes and associated
vertebrate species: The Great Basin Naturalist, v. 42, no. 4,
p. 572-582.

Coppedge, B.R., Fuhlendorf, S.D., Harrell, W.C., and
Engle, D.M., 2008, Avian community response to
vegetation and structural features in grasslands man-
aged with fire and grazing: Biological Conserva-
tion, v. 141, no. 5, p. 1196-1203. [Also available at
https://dx.doi.org/10.1016/j.biocon.2008.02.015.]

Corace, R.G., 11, Flaspohler, D.J., and Shartell, L.M.,
2009, Geographical patterns in openland cover and hay-
field mowing in the Upper Great Lakes region—Impli-
cations for grassland bird conservation: Landscape
Ecology, v. 24, no. 3, p. 309-323. [Also available at
https://dx.doi.org/10.1007/s10980-008-9306-8.]

Dambach, C.A., and Good, E.E., 1940, The effect of cer-
tain land use practices on populations of breeding
birds in southwestern Ohio: The Journal of Wildlife
Management, v. 4, no. 1, p. 63—76. [Also available at
https://dx.doi.org/10.2307/3796268.]

Davies, S.E., 1997, The effects of the reestablishment of
warm-season grasses on grassland bird communities in
farmlands of southwestern Pennsylvania: California, Pa.,
University of Pennsylvania, Master’s Thesis, 47 p.

Delisle, .M., 1995, Avian use of fields enrolled in the Con-
servation Reserve Program in southeast Nebraska: Lincoln,
Nebr., University of Nebraska, Master’s Thesis, 38 p.


http://dx.doi.org/10.2307/3672149
http://dx.doi.org/10.2307/3899146
http://dx.doi.org/10.2307/2426153
http://dx.doi.org/10.1007/s11252-016-0527-3
http://dx.doi.org/10.1007/s11252-016-0527-3
http://dx.doi.org/10.1016/j.biocon.2008.02.015
http://dx.doi.org/10.1007/s10980-008-9306-8
http://dx.doi.org/10.2307/3796268

Delisle, J.M., and Savidge, J.A., 1997, Avian use and vegeta-
tion characteristics of Conservation Reserve Program fields:
The Journal of Wildlife Management, v. 61, no. 2, p. 318-
325. [Also available at https://dx.doi.org/10.2307/3802587.]

Dinsmore, J.J., Kent, T.H., Koenig, D., Peterson, P.C., and
Roosa, D.M., 1984, Iowa birds: Ames, lowa, lowa State
University Press, 356 p.

Easterla, D.A., 1962, Avifauna of Tucker Prairie: Columbia,
Mo., University of Missouri, Master’s Thesis, 144 p.

Eddleman, W.R., 1974, The effects of burning and grazing on
bird populations in native prairie in the Kansas Flint Hills:
Manbhattan, Kans., Kansas State University, National Sci-
ence Foundation-Undergraduate Research Program, 33 p.

Eifrig, C.W., 1919, Notes on birds of the Chicago area and its
immediate vicinity: The Auk, v. 36, no. 4, p. 513-524. [Also
available at https://dx.doi.org/10.2307/4073345.]

Elliott, P.F., 1976, The role of community factors in cowbird-
host interactions: Manhattan, Kans., Kansas State Univer-
sity, Ph.D. Dissertation, 62 p.

Elliott, P.F., 1978, Cowbird parasitism in the Kansas tall grass
prairie: The Auk, v. 95, no. 1, p. 161-167. [Also available at
https://doi.org/10.2307/4085507.]

Ellison, K.S., Ribic, C.A., Sample, D.W., Fawcett, M.J., and
Dadisman, J.D., 2013, Impacts of tree rows on grassland
birds and potential nest predators—A removal experiment:
PLoS ONE, v. §, no. 4, e59151. 15 p. [Also available at
https://dx.doi.org/10.1371/journal.pone.0059151.]

Erickson, A.N., 2017, Responses of grassland birds to patch-
burn grazing in the Flint Hills of Kansas: Manhattan, Kans.,
Kansas State University, Master’s Thesis, 71 p.

Evrard, J.O., and Bacon, B.R., 1995, Bird nest densities
in managed grasslands: Passenger Pigeon, v. 57, no. 2,
p. 89-95.

Faanes, C.A., 1981, Birds of the St. Croix River Valley—Min-
nesota and Wisconsin: Washington, D.C., U.S. Fish and
Wildlife Service, North American Fauna, no. 73, 196 p.
[Also available at https://dx.doi.org/10.3996/nafa.73.0001.]

Faanes, C.A., and Lingle, G.R., 1995, Breeding birds of the
Platte River Valley of Nebraska: Jamestown, N. Dak., U.S.
Geological Survey, Northern Prairie Wildlife Research
Center, 412 p.

Forman, R.T.T., Reineking, B., and Hersperger, A.M.,
2002, Road traffic and nearby grassland bird patterns
in a suburbanizing landscape: Environmental Man-
agement, v. 29, no. 6, p. 782-800. [Also available at
https://dx.doi.org/10.1007/s00267-001-0065-4.]

References 15

Francq, G.E., 1972, Parental care of the Eastern Meadowlark
(Sturnella magna): Emporia, Kans., Kansas State Teachers
College, Master’s Thesis, 45 p.

Frey, C.M., Jensen, W.E., and With, K.A., 2008, Topo-
graphic patterns of nest placement and habitat quality for
grassland birds in tallgrass prairie: American Midland
Naturalist, v. 160, no. 1, p. 220-234. [Also available at
https://dx.doi.org/10.1674/0003-0031(2008)160%5B220: TP
ONPA%5D2.0.CO;2.]

Fuhlendorf, S.D., Harrell, W.C., Engle, D.M., Hamilton,
R.G., Davis, C.A., and Leslie, D.M., Jr., 2006, Should
heterogeneity be the basis for conservation? Grassland
bird response to fire and grazing: Ecological Applica-
tions, v. 16, no. 5, p. 1706—-1716. [Also available at
https://dx.doi.org/10.1890/1051-0761(2006)016%5B1706:S
HBTBF%5D2.0.CO;2.]

Galligan, E.W., DeVault, T.L., and Lima, S.L., 2006, Nesting
success of grassland and savanna birds on reclaimed surface
coal mines of the midwestern United States: The Wilson
Journal of Ornithology, v. 118, no. 4, p. 537-546. [Also
available at https://dx.doi.org/10.1676/05-086.1.]

George, J.L., 1952, The birds on a southern Michigan farm:
Ann Arbor, Mich., University of Michigan, Ph.D. Disserta-
tion, 413 p.

Giocomo, J.J., Moss, E.D., Buehler, D.A., and Minser, W.G.,
2008, Nesting biology of grassland birds at Fort Camp-
bell, Kentucky and Tennessee: The Wilson Journal of
Ornithology, v. 120, no. 1, p. 111-119. [Also available at
https://dx.doi.org/10.1676/06-022.1.]

Giuliano, W.M., and S.E. Daves, 2002, Avian response to
warm-season grass use in pasture and hayfield management:
Biological Conservation, v. 106, no. 1, p. 1-9. [Also avail-
able at https://doi.org/10.1016/S0006-3207(01)00126-4.]

Graber, R.R., and Graber, J.W., 1963, A comparative study
of bird populations in Illinois, 1906—-1909 and 1956-1958:
[llinois Natural History Survey Bulletin, v. 28, no. 3,

p. 383-528.

Granfors, D.A., 1992, The impact of the Conservation Reserve
Program on Eastern Meadowlark production and validation
of the Eastern Meadowlark Habitat Suitability Index model:
Lubbock, Texas, Texas Technical University, Master’s
Thesis, 98 p.

Granfors, D.A., Church, K.E., and Smith, L.M., 1996, East-
ern Meadowlark nesting in rangelands and Conservation
Reserve Program fields in Kansas: Journal of Field Orni-
thology, v. 67, no. 2, p. 222-235.

Griffin, D.N., 1959, The poisoning of meadowlarks with insec-
ticides: The Wilson Bulletin, v. 71, no. 2, p. 193.


http://dx.doi.org/10.2307/3802587
http://dx.doi.org/10.2307/4073345
https://doi.org/10.2307/4085507
http://dx.doi.org/10.1371/journal.pone.0059151
https://dx.doi.org/10.3996/nafa.73.0001
http://dx.doi.org/10.1007/s00267-001-0065-4
http://dx.doi.org/10.1674/0003-0031(2008)160%5B220:TPONPA%5D2.0.CO;2
http://dx.doi.org/10.1674/0003-0031(2008)160%5B220:TPONPA%5D2.0.CO;2
http://dx.doi.org/10.1890/1051-0761(2006)016%5B1706:SHBTBF%5D2.0.CO;2
http://dx.doi.org/10.1890/1051-0761(2006)016%5B1706:SHBTBF%5D2.0.CO;2
http://dx.doi.org/10.1676/05-086.1
https://dx.doi.org/10.1676/06-022.1
https://doi.org/10.1016/S0006-3207(01)00126-4

16 The Effects of Management Practices on Grassland Birds—Eastern Meadowlark (Sturnella magna)

Gross, A.O., 1965, Eastern Meadowlark (Sturnella magna),
in Bent, A.C., ed., Life histories of North American black-
birds, orioles, tanagers, and allies. Order Passeriformes—
Families Ploceidae, Icteridae, and Thraupidae: New York,
N.Y., Dover Publications, Inc., p. 53—80. [Also available at
https://doi.org/10.5479/s1.03629236.211.1.]

Hale, A.M., 2016, Interpreting failure to reject the null
hypothesis of displacement from wind turbines in three
species of grassland birds—Response to Johnson (2016):
The Condor, v. 118, no. 3, p. 676—679. [Also available at
https://doi.org/10.1650/CONDOR-16-71.1.]

Hale, A.M., Hatchett, E.S., Meyer, J.A., and Bennett, V.J.,
2014, No evidence of displacement due to wind turbines in
breeding grassland songbirds: The Condor, v. 116, no. 3,

p. 472-482. [Also available at https://doi.org/10.1650/
CONDOR-14-41.1.]

Harrison, K.G., 1974, Aspects of habitat selection in grassland
birds: Kalamazoo, Mich., Western Michigan University,
Master’s Thesis, 82 p.

Harrison, K.G., 1977, Perch height selection of grassland
birds: The Wilson Bulletin, v. 89, no. 3, p. 486—487.

Hayden, T.J., 1985, Minimum area requirements of some
breeding bird species in fragmented habitats in Missouri:
Columbia, Mo., University of Missouri, Master’s Thesis,
148 p.

Hays, R.L., and Farmer, A.H., 1990, Effects of the CRP on
wildlife habitat—Emergency haying in the Midwest and
pine plantings in the Southeast: Transactions of the North
American Wildlife and Natural Resources Conference, v.
55, p. 30-39.

Hays, R.L., Summers, C., and Seitz, W., 1981, Estimating
wildlife habitat variables: Washington, D.C., U.S. Depart-
ment of the Interior, Fish and Wildlife Service, Biological
Service Program, FWS/OBS-81/47, 111 p.

Helzer, C.J., 1996, The effects of wet meadow fragmentation
on grassland birds: Lincoln, Nebr., University of Nebraska,
Master’s Thesis, 65 p.

Helzer, C.J., and Jelinski, D.E., 1999, The relative importance
of patch area and perimeter-area ratio to grassland breeding
birds: Ecological Applications, v. 9, no. 4, p. 1448—1458.
[Also available at https://dx.doi.org/10.2307/2641409.]

Herkert, J.R., 1991, An ecological study of the breeding birds
of grassland habitats within Illinois: Urbana, Ill., University
of Illinois, Ph.D. Dissertation, 112 p.

Herkert, J.R., 1994a, Breeding bird communities of midwest-
ern prairie fragments—The effects of prescribed burn-
ing and habitat-area: Natural Areas Journal, v. 14, no. 2,
p. 128-135.

Herkert, J.R., 1994b, The effects of habitat fragmentation
on midwestern grassland bird communities: Ecological
Applications, v. 4, no. 3, p. 461-471. [Also available at:
http://dx.doi.org/10.2307/1941950.]

Herkert, J.R., Reinking, D.L., Wiedenfeld, D.A., Winter, M.,
Zimmerman, J.L., Jensen, W.E., Finck, E.J., Koford, R.R.,
Wolfe, D.H., Sherrod, S.K., Jenkins, M.A., Faaborg, J.,
and Robinson, S.K., 2003, Effects of prairie fragmentation
on the nest success of breeding birds in the midcontinental
United States: Conservation Biology, v. 17, no. 2, p. 587—
594. [Also available at https://dx.doi.org/10.1046/j.1523-
1739.2003.01418.x.]

Herkert, J.R., Szafoni, R.E., Kleen, V.M., and Schwegman,
J.E., 1993, Habitat establishment, enhancement and man-
agement for forest and grassland birds in Illinois: Spring-
field, I11., Illinois Department of Conservation, Division of
Natural Heritage, Natural Heritage Technical Publication 1,
20 p.

Hovick, T.J., Elmore, R.D., Fuhlendorf, S.D., Engle, D.M.,
and Hamilton, R.G., 2015, Spatial heterogeneity increases
diversity and stability in grassland bird communities: Eco-
logical Applications, v. 25, no. 3, p. 662—-672. [Also avail-
able at https://dx.doi.org/10.1890/14-1067.1.]

Hovick, T.J., and Miller, J.R., 2016, Patch-burn grazing
moderates Eastern Meadowlark nest survival in midwest-
ern grasslands: American Midland Naturalist, v. 176, no. 1,
p. 72-80. [Also available at https://doi.org/10.1674/0003-
0031-176.1.72.]

Hubbard, R.D., Althoff, D.P., Blecha, K.A., Bruvold, B.A., and
Japuntich, R.D., 2006, Nest site characteristics of Eastern
Meadowlarks and Grasshopper Sparrows in tallgrass prairie
at the Fort Riley military installation, Kansas: Transactions
of the Kansas Academy of Science, v. 109, no. 3—4, p. 168—
174. [Also available at https://dx.doi.org/10.1660/0022-
8443(2006)109%5B168:NSCOEM%5D2.0.CO;2.]

Hull, S.D., 1993, Avian, invertebrate and forb abundance in
Conservation Reserve Program fields in northeast Kansas,
with notes on avian behavior: Manhattan, Kans., Kansas
State University, Master’s Thesis, 141 p.

Hull, S.D., Robel, R.J., and Kemp, K.E., 1996, Summer avian
abundance, invertebrate biomass, and forbs in Kansas CRP:
Prairie Naturalist, v. 28, no. 1, p. 1-12.


https://doi.org/10.5479/si.03629236.211.1
https://doi.org/10.1650/CONDOR-16-71.1
https://doi.org/10.1650/CONDOR-14-41.1
https://doi.org/10.1650/CONDOR-14-41.1
http://dx.doi.org/10.2307/2641409
http://dx.doi.org/10.2307/1941950
http://dx.doi.org/10.1046/j.1523-1739.2003.01418.x
http://dx.doi.org/10.1046/j.1523-1739.2003.01418.x
http://dx.doi.org/10.1890/14-1067.1
https://doi.org/10.1674/0003-0031-176.1.72
https://doi.org/10.1674/0003-0031-176.1.72
http://dx.doi.org/10.1660/0022-8443(2006)109%5B168:NSCOEM%5D2.0.CO;2
http://dx.doi.org/10.1660/0022-8443(2006)109%5B168:NSCOEM%5D2.0.CO;2

Ingold, D.J., 2002, Use of a reclaimed stripmine by grassland
nesting birds in east-central Ohio: Ohio Journal of Science,
v. 102, no. 3, p. 56-62.

Jacobs, R.B., Thompson, F.R., III, Koford, R.R., La Sorte,
F.A., Woodward, H.D., and Fitzgerald, J.A., 2012, Habitat
and landscape effects on abundance of Missouri’s grassland
birds: The Journal of Wildlife Management, v. 76, no. 2,

p. 372-381. [Also available at https://doi.org/10.1002/
jwmg.264.]

Janssen, R.B., 1987, Birds in Minnesota: Minneapolis, Minn.,
University of Minnesota Press, 352 p.

Jarzyna, M.A., Zuckerberg, B., Finley, A.O., and Porter, W.F.,
2016, Synergistic effects of climate and land cover—Grass-
land birds are more vulnerable to climate change: Land-
scape Ecology, v. 31, no. 10, p. 2275-2290. [Also available
at https://dx.doi.org/10.1007/s10980-016-0399-1.]

Jaster, L., Jensen, W.E., and Forbes, A.R., 2014, Nest survival
of grassland birds in warm- and cool-season grassland
restorations: American Midland Naturalist, v. 171, no. 2, p.
245-257. [Also available at http://dx.doi.org/10.1674/0003-
0031-171.2.246.]

Jaster, L.A., Jensen, W.E., and Lanyon, W.E., 2012, East-
ern Meadowlark (Sturnella magna) (ver. 2.0), in Poole,
A.F., ed., The birds of North America: Ithaca, N.Y.,
Cornell Lab of Ornithology, accessed on April 2019 at
https://birdsna.org/Species-Account/bna/species/easmea.
[Also available at https://doi.org/10.2173/bna.160.]

Jensen, W.E., 1999, Nesting habitat and responses to habitat
edges of three grassland passerine species: Emporia, Kans.,
Emporia State University, Master’s Thesis, 58 p.

Johnsgard, P.A., 1979, Birds of the Great Plains: Lincoln,
Nebr., University of Nebraska Press, 539 p.

Johnsgard, P.A., 1980, A preliminary list of the birds of
Nebraska and adjacent Plains States: Lincoln, Nebr., Uni-
versity of Nebraska, 156 p.

Johnson, D.H., 2016, Comment on “No evidence of displace-

ment due to wind turbines in breeding grassland songbirds™:

The Condor, v. 118, no. 3, p. 674-675. [Also available at
https://doi.org/10.1650/CONDOR-15-84.1.]

Johnson, T.N., and Sandercock, B.K., 2010, Restoring tall-
grass prairie and grassland bird populations in tall fescue
pastures with winter grazing: Rangeland Ecology and
Management, v. 63, no. 6, p. 679—688. [Also available at
https://dx.doi.org/10.2111/REM-D-09-00076.1.]

Jorgensen, E.E., and Nauman, L.E., 1993, Bird distribution in
wetlands associated with commercial cranberry production:
Passenger Pigeon, v. 55, no. 4, p. 289-298.

References 17

Kahl, R.B., Baskett, T.S., Ellis, J.A., and Burroughs, J.N.,
1985, Characteristics of summer habitats of selected
nongame birds in Missouri: Columbia, Mo., University of
Missouri-Columbia, Research Bulletin 1056, 155 p.

Kent, T.H., and Dinsmore, J.J., 1996, Birds in lowa: lowa City
and Ames, lowa, Self-published, 391 p.

Kershner, E.L., and Bollinger, E.K., 1996, Reproductive
success of grassland birds at east-central Illinois airports:
American Midland Naturalist, v. 136, no. 2, p. 358-366.
[Also available at https://dx.doi.org/10.2307/2426740.]

Kershner, E.L., Walk, J.W., and Warner, R.E., 2004a,
Breeding-season decisions, renesting, and annual fecun-
dity of female Eastern Meadowlarks (Sturnella magna)
in southeastern Illinois: The Auk, v. 121, no. 3, p. 796—
805. [Also available at https://academic.oup.com/auk/
article/121/3/796/5562149.]

Kershner, E.L., Walk, J.W., and Warner, R.E., 2004b,
Postfledging movements and survival of juvenile East-
ern Meadowlarks (Sturnella magna) in Illinois: The
Auk, v. 121, no. 4, p. 1146-1154. [Also available at
https://academic.oup.com/auk/article/121/4/1146/5562011.]

Kimmel, R.O., Berner, A.H., Welsh, R.J., Haroldson, B.S.,
and Malchow, S.B., 1992, Population responses of Grey
Partridge (Perdix perdix), Ring-necked Pheasant (Pha-
sianus colchicus), and meadowlarks (Sturnella sp.) to
farm programs in Minnesota: Gibier Faune Sauvage, v. 9,
p. 797-806.

King, J.W., 1991, Effects of the Conservation Reserve
Program on selected wildlife populations in southeast
Nebraska: Lincoln, Nebr., University of Nebraska, Master’s
Thesis, 39 p.

King, J.W., and Savidge, J.A., 1995, Effects of the Conserva-
tion Reserve Program on wildlife in southeast Nebraska:
Wildlife Society Bulletin, v. 23, no. 3, p. 377-385.

Klute, D.S., 1994, Avian community structure, reproductive
success, vegetative structure, and food availability in burned
Conservation Reserve Program fields and grazed pastures
in northeastern Kansas: Manhattan, Kans., Kansas State
University, Master’s Thesis, 168 p.

Klute, D.S., Robel, R.J., and Kemp, K.E., 1997, Will con-
version of Conservation Reserve Program (CRP) lands
to pasture be detrimental for grassland birds in Kansas?:
American Midland Naturalist, v. 137, no. 2, p. 206-212.
[Also available at https://dx.doi.org/10.2307/2426840.]

Knapton, R.W., 1988, Nesting success is higher for
polygynously mated females than for monoga-
mously mated females in the Eastern Meadowlark:
The Auk, v. 105, no. 2, p. 325-329. [Also available at
https://dx.doi.org/10.2307/4087497.]


https://doi.org/10.1002/jwmg.264
https://doi.org/10.1002/jwmg.264
http://dx.doi.org/10.1007/s10980-016-0399-1
http://dx.doi.org/10.1674/0003-0031-171.2.246
http://dx.doi.org/10.1674/0003-0031-171.2.246
https://birdsna.org/Species-Account/bna/species/easmea
https://doi.org/10.2173/bna.160
https://doi.org/10.1650/CONDOR-15-84.1
http://dx.doi.org/10.2111/REM-D-09-00076.1
http://dx.doi.org/10.2307/2426740
https://academic.oup.com/auk/article/121/3/796/5562149
https://academic.oup.com/auk/article/121/3/796/5562149
https://academic.oup.com/auk/article/121/4/1146/5562011
http://dx.doi.org/10.2307/2426840
http://dx.doi.org/10.2307/4087497

18 The Effects of Management Practices on Grassland Birds—Eastern Meadowlark (Sturnella magna)

Lanyon, W.E., 1956a, Ecological aspects of the sympatric
distribution of meadowlarks in the north-central States:
Ecology, v. 37, no. 1, p. 98—103. [Also available at
https://dx.doi.org/10.2307/1929673.]

Lanyon, W.E., 1956b, Territory in the meadowlarks, genus
Sturnella: The Ibis, v. 98, no. 3, p. 485—489. [Also available
at https://dx.doi.org/10.1111/1.1474-919X.1956.tb01433 x.]

Lanyon, W.E., 1957, The comparative biology of the meadow-
larks (Sturnella) in Wisconsin: Cambridge, Mass., Publica-
tions of the Nuttall Ornithological Club, Number 1, 67 p.

Lanyon, W.E., 1962, Specific limits and distribution of
meadowlarks of the desert grassland: The Auk,v. 79, no. 2,
p. 183-207. [Also available at https://doi.org/10.2307/
4082522.]

Long, A.M., Jensen, W.E., and With, K.A., 2009, Orientation
of Grasshopper Sparrow and Eastern Meadowlark nests
in relation to wind direction: The Condor, v. 111, no. 2,
p. 395-399. [Also available at https://doi.org/10.1525/
cond.2009.080076.]

McCoy, T.D., 1996, Avian abundance, composition, and repro-
ductive success on Conservation Reserve Program fields in
northern Missouri: Columbia, Mo., University of Missouri,
Master’s Thesis, 104 p.

McCoy, T.D., Kurzejeski, E.W., Burger, L.W., Jr., and Ryan,
M.R., 2001, Effects of conservation practice, mowing, and
temporal changes on vegetation structure on CRP fields in
northern Missouri: Wildlife Society Bulletin, v. 29, no. 3.,
p. 979-987.

McCoy, T.D., Ryan, M.R., Kurzejeski, E.W., and Burger,
L.W., Jr,, 1999, Conservation Reserve Program—Source or
sink habitat for grassland birds in Missouri?: The Journal of
Wildlife Management, v. 63, no. 2, p. 530-538. [Also avail-
able at https://dx.doi.org/10.2307/3802639.]

McEwen, L.C., and Ells, J.O., 1975, Field ecology inves-
tigations of the effects of selected pesticides on wildlife
populations: Fort Collins, Colo., Colorado State University,
U.S. International Biological Program, Grassland Biome
Technical Report 289, 36 p.

McLaughlin, M.E., Janousek, W.M., McCarty, J.P., and
Wolfenbarger, L.L., 2014, Effects of urbanization on site
occupancy and density of grassland birds in tallgrass prai-
rie fragments: Journal of Field Ornithology, v. 85, no. 3,
p. 258-273. [Also available at https://dx.doi.org/10.1111/
jof0.12066.]

Mossman, M.J., and Sample, D.W., 1990, Birds of Wisconsin
sedge meadows: Passenger Pigeon, v. 52, no. 1, p. 39-55.

Murray, L.D., Ribic, C.A., and Thogmartin, W.E., 2008,
Relationship of obligate grassland birds to landscape
structure in Wisconsin: The Journal of Wildlife Man-
agement, v. 72, no. 2, p. 463—467. [Also available at
https://dx.doi.org/10.2193/2006-556.]

National Geographic Society, 2011, Field guide to the birds
of North America (6th ed.): Washington, D.C., National
Geographic Society, 576 p.

Niemuth, N.D., Estey, M.E., Fields, S.P., Wangler, B., Bishop,
A.A., Moore, PJ., Grosse, R.C., and Ryba, A.J., 2017,
Developing spatial models to guide conservation of grass-
land birds in the U.S. northern Great Plains: The Condor,

v. 119, no. 3, p. 506-525. [Also available at https://dx.doi.
org/10.1650/CONDOR-17-14.1.]

Niesar, S.L., 1994, Vertebrate richness of Waterfowl Produc-
tion Areas in the Prairie Pothole Region of Minnesota:
Brookings, S. Dak., South Dakota State University, Mas-
ter’s Thesis, 104 p.

O’Connor, R.J., Jones, M.T., Boone, R.B., and Lauber, T.B.,
1999, Linking continental climate, land use, and land pat-
terns with grassland bird distribution across the contermi-
nous United States, in Vickery, P.D., and Herkert, J.R., eds.,
Ecology and conservation of grassland birds of the Western
Hemisphere: Studies in Avian Biology, v. 19, p. 45-59.

O’Leary, C.H., and Nyberg, D.W., 2000, Treelines between
fields reduce the density of grassland birds: Natural Areas
Journal, v. 20, no. 3, p. 243-249.

Osborne, D.C., and Sparling, D.W., 2013, Multi-scale
associations of grassland birds in response to cost-share
management of Conservation Reserve Program fields in
[llinois: The Journal of Wildlife Management, v. 77, no. 5,
p. 920-930. [Also available at https://dx.doi.org/10.1002/
jwmg.553.]

Patten, M.A., Reinking, D.L., and Wolfe, D.H., 2011, Hier-
archical cues in brood parasite nest selection: Journal of
Ornithology, v. 152, no. 3, p. 521-532. [Also available at
https://dx.doi.org/10.1007/s10336-010-0608-7.]

Patten, M.A., Shochat, E., Reinking, D.L., Wolfe, D.H., and
Sherrod, S.K., 2006, Habitat edge, land management, and
rates of brood parasitism in tallgrass prairie: Ecological
Applications, v. 16, no. 2, p. 687—695. [Also available at
https://dx.doi.org/10.1890/1051-0761(2006)016%5B0687:H
ELMAR%5D2.0.CO;2.]

Peer, B.D., Robinson, S.K., and Herkert, J.R., 2000,
Egg rejection by cowbird hosts in grasslands: The
Auk, v. 117, no. 4, p. 892-901. [Also available at
https://dx.doi.org/10.2307/4089628.]


http://dx.doi.org/10.2307/1929673
http://dx.doi.org/10.1111/j.1474-919X.1956.tb01433.x
https://doi.org/10.2307/4082522
https://doi.org/10.2307/4082522
https://doi.org/10.1525/cond.2009.080076
https://doi.org/10.1525/cond.2009.080076
http://dx.doi.org/10.2307/3802639
https://dx.doi.org/10.1111/jofo.12066
https://dx.doi.org/10.1111/jofo.12066
http://dx.doi.org/10.2193/2006-556
http://dx.doi.org/10.1650/CONDOR-17-14.1
http://dx.doi.org/10.1650/CONDOR-17-14.1
http://dx.doi.org/10.1002/jwmg.553
http://dx.doi.org/10.1002/jwmg.553
http://dx.doi.org/10.1007/s10336-010-0608-7
http://dx.doi.org/10.1890/1051-0761(2006)016%5B0687:HELMAR%5D2.0.CO;2
http://dx.doi.org/10.1890/1051-0761(2006)016%5B0687:HELMAR%5D2.0.CO;2
http://dx.doi.org/10.2307/4089628

Pillsbury, F.C., 2010, Grassland bird responses to a fire-
grazing interaction in a fragmented landscape: Ames, lowa,
Iowa State University, Ph.D. Dissertation, 114 p.

Piorkowski, M.D., 2006, Breeding bird habitat use and turbine
collisions of birds and bats located at a wind farm in Okla-
homa mixed-grass prairie: Stillwater, Okla., Oklahoma State
University, Master’s thesis, 102 p.

Piorkowski, M.D., and O’Connell, T.J., 2010, Spatial pat-
tern of summer bat mortality from collisions with wind
turbines in mixed-grass prairie: American Midland
Naturalist, v. 164, no. 2, p. 260-269. [Also available at
https://doi.org/10.1674/0003-0031-164.2.260.]

Powell, A.F.L.A., 2006, Effects of prescribed burns and bison
(Bos bison) grazing on breeding bird abundance in tallgrass
prairie: The Auk, v. 123, no. 1, p. 183-197. [Also available
at https://doi.org/10.1093/auk/123.1.183.]

Powell, A.F.L.A., 2008, Responses of breeding birds in
tallgrass prairie to fire and cattle grazing: Journal of Field
Ornithology, v. 79, no. 1, p. 41-52. [Also available at
https://dx.doi.org/10.1111/j.1557-9263.2008.00144.x.]

Powell, A.F.L.A., and Busby, W.H., 2013, Effects of grass-
land management on breeding birds at the western edge
of the tallgrass prairie ecosystem in Kansas: Natural
Areas Journal, v. 33, no. 2, p. 130-138. [Also available at
https://dx.doi.org/10.3375/043.033.0202.]

Rahmig, C.J., Jensen, W.E., and With, K.A., 2009, Grassland
bird responses to land management in the largest remain-
ing tallgrass prairie: Conservation Biology, v. 23, no. 4,

p. 420-432. [Also available at https://dx.doi.org/10.1111/
j-1523-1739.2008.01118.x.]

Renfrew, R.B., and Ribic, C.A., 2001, Grassland birds
associated with agricultural riparian practices in
southwestern Wisconsin: Journal of Range Manage-
ment, v. 54, no. 5, p. 546-552. [Also available at
https://dx.doi.org/10.2307/4003583.]

Renfrew, R.B., and Ribic, C.A., 2002, Influence of topog-
raphy on density of grassland passerines in pastures:
American Midland Naturalist, v. 147, no. 2, p. 315-325.
[Also available at https://dx.doi.org/10.1674/0003-
0031(2002)147%5B0315:10TOD0%5D2.0.CO;2.]

Renfrew, R.B., and Ribic, C.A., 2008, Multi-scale models of
grassland passerine abundance in a fragmented system in
Wisconsin: Landscape Ecologist, v. 23, no. 2, p. 181-193.
[Also available at https://dx.doi.org/10.1007/s10980-007-
9179-2.]

Renfrew, R.B., Ribic, C.A., and Nack, J.L., 2005, Edge avoid-
ance by nesting grassland birds—A futile strategy in a
fragmented landscape: The Auk, v. 122, no. 2, p. 618—636.
[Also available at http://dx.doi.org/10.1093/auk/122.2.618.]

References 19

Ribic, C.A., Guzy, M.J., Anderson, T.J., Sample, D.W., and
Nack, J., 2012, Bird productivity and nest predation in
agricultural grasslands, in Ribic, C.A., Thompson, F.R., III,
and Pietz, P.J., eds., Video surveillance of nesting birds:
Berkeley, Calif., University of California Press, Studies
in Avian Biology, v. 43, p. 119—-134. [Also available at
https://doi.org/10.1525/california/9780520273139.003.0010.]

Ribic, C.A., Guzy, M.J., and Sample, D.W., 2009a, Grass-
land bird use of remnant prairie and Conservation Reserve
Program fields in an agricultural landscape in Wisconsin:
American Midland Naturalist, v. 161, no. 1, p. 110-122.
[Also available at https://dx.doi.org/10.1674/0003-0031-
161.1.110.]

Ribic, C.A., Koford, R.R., Herkert, J.R., Johnson, D.H.,
Niemuth, N.D., Naugle, D.E., Bakker, K.K., Sample,
D.W.,, and Renfrew, R.B., 2009b, Area sensitivity in
North American grassland birds—Patterns and processes:
The Auk, v. 126, no. 2, p. 233-244. [Also available at
https://dx.doi.org/10.1525/auk.2009.1409.]

Ribic, C.A., and Sample, D.W., 2001, Associations of grass-
land birds with landscape factors in southern Wisconsin:
American Midland Naturalist, v. 146, no. 1, p. 105-121.
[Also available at https://dx.doi.org/10.1674/0003-
0031(2001)146%5B0105: AOGBWL%5D2.0.CO;2.]

Riffell, S., Scognamillo, D., and Burger, L.W., 2008, Effects
of the Conservation Reserve Program on Northern Bob-
white and grassland birds: Environmental Monitoring and
Assessment, v. 146, no. 1-3, p. 309-323. [Also available at
https://dx.doi.org/10.1007/s10661-007-0082-8.]

Riffell, S., Scognamillo, D., Burger, L.W., Jr., and Bucholtz,
S., 2010, Broad-scale relations between Conservation
Reserve Program and grassland birds—Do cover type,
configuration, and contract age matter?: Open Orni-
thology Journal, v. 3, p. 112—123. [Also available at
https://dx.doi.org/10.2174/1874453201003010112.]

Risser, P.G., Birney, E.C., Blocker, H.D., May, S.W., Parton,
W.J., and Wiens, J.A., 1981, The true prairie ecosystem:
Stroudsburg, Pa., Hutchinson Ross Publishing Company,
U.S. International Biological Program Synthesis Series, no.
16, 557 p.

Rivers, J.W., Jensen, W.E., Kosciuch, K.L., and Rothstein,
S.1., 2010, Community-level patterns of host use by the
Brown-headed Cowbird (Molothrus ater), a generalist
brood parasite: The Auk, v. 127, no. 2, p. 263-273. [Also
available at https://dx.doi.org/10.1525/auk.2009.09053.]

Robel, R.J., Briggs, J.N., Dayton, A.D., and Hulbert, L.C.,
1970, Relationships between visual obstruction measure-
ments and weight of grassland vegetation: Journal of Range
Management, v. 23, no. 4, p. 295-297. [Also available at
https://dx.doi.org/10.2307/3896225.]


https://doi.org/10.1674/0003-0031-164.2.260
https://doi.org/10.1093/auk/123.1.183
http://dx.doi.org/10.1111/j.1557-9263.2008.00144.x
http://dx.doi.org/10.3375/043.033.0202
http://dx.doi.org/10.1111/j.1523-1739.2008.01118.x
http://dx.doi.org/10.1111/j.1523-1739.2008.01118.x
http://dx.doi.org/10.2307/4003583
http://dx.doi.org/10.1674/0003-0031(2002)147%5B0315:IOTODO%5D2.0.CO;2
http://dx.doi.org/10.1674/0003-0031(2002)147%5B0315:IOTODO%5D2.0.CO;2
http://dx.doi.org/10.1007/s10980-007-9179-2
http://dx.doi.org/10.1007/s10980-007-9179-2
http://dx.doi.org/10.1093/auk/122.2.618
https://doi.org/10.1525/california/9780520273139.003.0010
http://dx.doi.org/10.1674/0003-0031-161.1.110
http://dx.doi.org/10.1674/0003-0031-161.1.110
http://dx.doi.org/10.1525/auk.2009.1409
http://dx.doi.org/10.1674/0003-0031(2001)146%5B0105:AOGBWL%5D2.0.CO;2
http://dx.doi.org/10.1674/0003-0031(2001)146%5B0105:AOGBWL%5D2.0.CO;2
http://dx.doi.org/10.1007/s10661-007-0082-8
http://dx.doi.org/10.2174/1874453201003010112
http://dx.doi.org/10.1525/auk.2009.09053
http://dx.doi.org/10.2307/3896225

20 The Effects of Management Practices on Grassland Birds—Eastern Meadowlark (Sturnella magna)

Robel, R.J., Hughes, J.P., Hull, S.D., Kemp, K.E., and
Klute, D.S., 1998, Spring burning—Resulting avian
abundance and nesting in Kansas CRP: Journal of Range
Management, v. 51, no. 2, p. 132-138. [Also available at
https://dx.doi.org/10.2307/4003197.]

Robles, A.J., 2010, Patch-and landscape-scale effects on area
sensitivity of grassland birds in lowa: Ames, lowa, lowa
State University, Master’s Thesis, 71 p.

Rohrbaugh, R.W.,, Jr., Reinking, D.L., Wolfe, D.H., Sherrod,
S.K., and Jenkins, M.A., 1999, Effects of prescribed burning
and grazing on nesting and reproductive success of three
grassland passerine species in tallgrass prairie, in Vickery,
P.D., and Herkert, J.R., eds., Ecology and conservation of
grassland birds of the Western Hemisphere: Studies in Avian
Biology v. 19, p. 165-170.

Roseberry, J.L., and Klimstra, W.D., 1970, The nesting ecol-
ogy and reproductive performance of the Eastern Meadow-
lark: The Wilson Bulletin, v. 82, no. 3, p. 243-267.

Rotenberry, J.T., and Wiens, J.A., 1980, Habitat structure,
patchiness, and avian communities in North Ameri-
can steppe vegetation—A multivariate analysis: Ecol-
ogy, v. 61, no. 5, p. 1228-1250. [Also available at
https://dx.doi.org/10.2307/1936840.]

Roth, A.M., Sample, D.W., Ribic, C.A., Paine, L.,
Undersander, D.J., and Bartelt, G.A., 2005, Grass-
land bird response to harvesting switchgrass
as a biomass energy crop: Biomass and Bioen-
ergy, v. 28, no. 5, p. 490-498. [Also available at
https://dx.doi.org/10.1016/j.biombioe.2004.11.001.]

Sample, D.W., 1989, Grassland birds in southern Wiscon-
sin—habitat preference, population trends, and response to
land use changes: Madison, Wis., University of Wisconsin,
Master’s Thesis, 588 p.

Sample, D.W., and Hoffman, R.M., 1989, Birds of dry-mesic
and dry prairies in Wisconsin: Passenger Pigeon, v. 51,
no. 2, p. 195-208.

Sauer, J.R., Hines, J.E., Fallon, J.E., Pardieck, K.L.,
Ziolkowski, D.J., Jr., and Link, W.A., 2014, The North
American Breeding Bird Survey, results and analysis
19662012 (ver. 02.19.2014): Laurel, Md., U.S. Geologi-
cal Survey, Patuxent Wildlife Research Center, accessed on
April 2019 at https://www.mbr-pwrc.usgs.gov/bbs/bbs2012.
shtml.

Schroeder, R.L., and Sousa, P.J., 1982, Habitat Suitability
Index—Eastern Meadowlark: Washington, D.C., U.S. Fish
and Wildlife Service, FWS/OBS 82/10, 9 p.

Schulte, L.A., MacDonald, A.L., Niemi, J.B., and Helmers,
M.J., 2016, Prairie strips as a mechanism to promote land
sharing by birds in industrial agricultural landscapes: Agri-
culture, Ecosystems & Environment, v. 220, p. 55-63. [Also
available at https://dx.doi.org/10.1016/j.agee.2016.01.007.]

Scott, P.E., DeVault, T.L., Bajema, R.A., and Lima, S.L., 2002,
Grassland vegetation and bird abundances on reclaimed

midwestern coal mines: Wildlife Society Bulletin, v. 30,
no. 4, p. 1006-1014.

Shaffer, J.A., Igl, L.D., Goldade, C.M., Dinkins, M.F., John-
son, D.H., and Euliss, B.R., 2019, The effects of manage-
ment practices on grassland birds—Rates of Brown-headed
Cowbird (Molothrus ater) parasitism in nests of North
American grassland birds, chap. PP of Johnson, D.H., Igl,
L.D., Shaffer, J.A., and DeLong, J.P., eds., The effects of
management practices on grassland birds: U.S. Geological
Survey Professional Paper 1842, 24 p., accessed on July
2019 at https://doi.org/10.3133/pp1842PP.

Shugart, H.H., Jr., and James, D., 1973, Ecological succession
of breeding bird populations in northwestern Arkansas: The
Auk, v. 90, no. 1, p. 62-77.

Skinner, R.M., 1975, Grassland use patterns and prairie bird
populations in Missouri, in Wali, M.K., ed., Prairie—A
multiple view: Grand Forks, N. Dak., University of North
Dakota Press, p. 171-180.

Skinner, R.M., Baskett, T.S., and Blendon, M.D., 1984, Bird
habitat on Missouri prairies: Jefferson City, Mo., Missouri
Department of Conservation, Terrestrial Series 14, 37 p.

Smith, C.C., 1940, The effect of overgrazing and erosion
upon the biota of the mixed-grass prairie of Oklahoma:
Ecology, v. 21, no. 3, p. 381-397. [Also available at
https://dx.doi.org/10.2307/1930847.]

Smythe, L.A., and Haukos, D.A., 2010, Response of grass-
land birds in sand shinnery oak communities restored using
Tebuthiuron and grazing in eastern New Mexico: Restora-
tion Ecology, v. 18, no. 2, p. 215-223. [Also available at
https://dx.doi.org/10.1111/j.1526-100X.2008.00443.x.]

Stevens, T.K., Hale, A.M., Karsten, K.B., and Bennett, V.J.,
2013, An analysis of displacement from wind turbines in
a wintering grassland bird community: Biodiversity and
Conservation, v. 22, no. 8, p. 1755-1767. [Also available at
https://dx.doi.org/10.1007/s10531-013-0510-8.]

Stroppel, D.J., 2009, Evaluation of patch-burn grazing on spe-
cies richness and density of grassland birds: Columbia, Mo.,
University of Missouri, Master’s Thesis, 40 p.


http://dx.doi.org/10.2307/4003197
http://dx.doi.org/10.2307/1936840
https://dx.doi.org/10.1016/j.biombioe.2004.11.001
https://www.mbr-pwrc.usgs.gov/bbs/bbs2012.shtml
https://www.mbr-pwrc.usgs.gov/bbs/bbs2012.shtml
http://dx.doi.org/10.1016/j.agee.2016.01.007
https://doi.org/10.3133/pp1842PP
http://dx.doi.org/10.2307/1930847
http://dx.doi.org/10.1111/j.1526-100X.2008.00443.x
http://dx.doi.org/10.1007/s10531-013-0510-8

Suedkamp Wells, M.S., Millspaugh, J.J., Ryan, M.R., and
Hubbard, M.W., 2008, Factors affecting home range size
and movements of post-fledging grassland birds: Wilson
Journal of Ornithology, v. 120, no. 1, p. 120-130. [Also
available at https://dx.doi.org/10.1676/06-117.1.]

Suedkamp Wells, M.S., Ryan, M.R., Millspaugh, J.J.,
Thompson, F.R., II, and Hubbard, M.W., 2008, Survival
of postfledging grassland birds in Missouri: The Con-
dor, v. W109, no. 4, p. 781-794. [Also available at
https://doi.org/10.1093/condor/109.4.781.]

Swanson, D.A., Scott, D.P., and Risley, D.L., 1999, Wildlife
benefits of the Conservation Reserve Program in Ohio:
Journal of Soil and Water Conservation, v. 54, no. 1,

p- 390-394.

Temple, S.A., Fevold, B.M., Paine, L.K., Undersander, D.J.,
and Sample, D.W., 1999, Nesting birds and grazing cattle—
Accommodating both on midwestern pastures, in Vickery,
P.D., and Herkert, J.R., eds., Ecology and conservation of
grassland birds of the Western Hemisphere: Studies in Avian
Biology, v. 19, p. 196-202.

Veech, J.A., 2006, A comparison of landscapes
occupied by increasing and decreasing popula-
tions of grassland birds: Conservation Biol-
ogy, v. 20, no. 5, p. 1422—-1432. [Also available at
https://dx.doi.org/10.1111/j.1523-1739.2006.00487 .x.]

Vickery, P.D., 1993, Habitat selection of grassland birds in
Maine: Orono, Maine, University of Maine, Ph.D. Disserta-
tion, 124 p.

Vickery, P.D., and Hunter, M.L., Jr., 1995, Do artificial song-
perches affect habitat use by grassland birds in Maine?:
American Midland Naturalist, v. 133, no. 1, p. 164-169.
[Also available at https://dx.doi.org/10.2307/2426357.]

Vickery, P.D., Hunter, M.L., Jr., and Melvin, S.M.,
1994, Effects of habitat area on the distribution
of grassland birds in Maine: Conservation Biol-
ogy, v. 8, no. 4, p. 1087-1097. [Also available at
https://dx.doi.org/10.1046/j.1523-1739.1994.08041087.x.]

Volkert, W.K., 1992, Response of grassland birds to a large-
scale prairie planting project: Passenger Pigeon, v. 54, no. 3,
p. 190-196.

Vos, S.M., and Ribic, C.A., 2013, Nesting success of grassland
birds in oak barrens and dry prairies in west central Wiscon-
sin: Northeastern Naturalist, v. 20, no. 1, p. 131-142. [Also
available at https://dx.doi.org/10.1656/045.020.0110.]

Walk, J.W., and Warner, R.E., 1999, Effects of habitat area on
the occurrence of grassland birds in Illinois: American Mid-
land Naturalist, v. 141, no. 2, p. 339-344. [Also available at
https://dx.doi.org/10.1674/0003-0031(1999)141%5B0339:E
OHAOT%5D2.0.C0O;2.]

References 21

Walk, J.W., and Warner, R.E., 2000, Grassland manage-
ment for the conservation of songbirds in the Midwestern
USA: Biological Conservation, v. 94, no. 2, p. 165-172.
[Also available at https://dx.doi.org/10.1016/S0006-
3207(99)00182-2.]

Walk, J.W., Kershner, E.L., Benson, T.J., and Warner, R.E.,
2010, Nesting success of grassland birds in small patches
in an agricultural landscape: The Auk, v. 127, no. 2,

p- 328-334. [Also available at https://dx.doi.org/10.1525/
auk.2009.09180.]

Warren, K.A., and Anderson, J.T., 2005, Grassland songbird
nest-site selection and response to mowing in West Vir-
ginia: Wildlife Society Bulletin, v. 33, no. 1, p. 285-292.
[Also available at http://dx.doi.org/10.2193/0091-
7648(2005)33%5B285:GSNSAR%5D2.0.CO;2.]

Welsh, R.J., and Kimmel, R.O., 1991, Impacts of the Federal
conservation reserve and reinvest in Minnesota programs on
abundance of Ring-necked Pheasants, Gray Partridge, and
meadowlarks: Minnesota Department of Natural Resources,
Population Research Unit Report, 16-22 p.

Westemeier, R.L., and Buhnerkempe, J.E., 1983, Responses
of nesting wildlife to prairie grass management in prairie
chicken sanctuaries in Illinois, in Brewer, R., ed. Proceed-
ings of the eighth North American Prairie Conference:
Kalamazoo, Mich., Western Michigan University, p. 36—46.

Whitmore, R.C., 1980, Reclaimed surface mines as avian
habitat islands in the eastern forest: American Birds, v. 34,
no. 1, p. 13-14.

Wiens, J.A., 1969, An approach to the study of eco-
logical relationships among grassland birds: Ornitho-
logical Monographs, no. 8, p. 1-93. [Also available at
https://dx.doi.org/10.2307/40166677.]

Wiens, J.A., 1971, Avian ecology and distribution in the com-
prehensive network, 1970: Fort Collins, Colo., Colorado
State University, U.S. International Biological Program,
Grassland Biome Technical Report 77. 49 p.

Wiens, J.A., 1974, Climatic instability and the “ecological
saturation” of bird communities in North American grass-
lands: The Condor, v. 76, no. 4, p. 385-400. [Also available
at https://dx.doi.org/10.2307/1365813.]

Winter, M., 1998, Effect of habitat fragmentation on grass-
land-nesting birds in southwestern Missouri: Columbia,
Mo., University of Missouri, Ph.D. Dissertation, 215 p.

Winter, M., and Faaborg, J., 1999, Patterns of area sen-
sitivity in grassland-nesting birds: Conservation Biol-
ogy, v. 13, no. 6, p. 1424-1436. [Also available at
https://dx.doi.org/10.1046/j.1523-1739.1999.98430.x.]


https://dx.doi.org/10.1676/06-117.1
https://doi.org/10.1093/condor/109.4.781
http://dx.doi.org/10.1111/j.1523-1739.2006.00487.x
http://dx.doi.org/10.2307/2426357
http://dx.doi.org/10.1046/j.1523-1739.1994.08041087.x
http://dx.doi.org/10.1656/045.020.0110
http://dx.doi.org/10.1674/0003-0031(1999)141%5B0339:EOHAOT%5D2.0.CO;2
http://dx.doi.org/10.1674/0003-0031(1999)141%5B0339:EOHAOT%5D2.0.CO;2
http://dx.doi.org/10.1016/S0006-3207(99)00182-2
http://dx.doi.org/10.1016/S0006-3207(99)00182-2
http://dx.doi.org/10.1525/auk.2009.09180
http://dx.doi.org/10.1525/auk.2009.09180
http://dx.doi.org/10.2193/0091-7648(2005)33%5B285:GSNSAR%5D2.0.CO;2
http://dx.doi.org/10.2193/0091-7648(2005)33%5B285:GSNSAR%5D2.0.CO;2
http://dx.doi.org/10.2307/40166677
http://dx.doi.org/10.2307/1365813
http://dx.doi.org/10.1046/j.1523-1739.1999.98430.x

22 The Effects of Management Practices on Grassland Birds—Eastern Meadowlark (Sturnella magna)

Winter, M., Johnson, D.H., and Faaborg, J., 2000, Evidence
for edge effects on multiple levels in tallgrass prairie:
The Condor, v. 102, no. 2, p. 256-266. [Also available at
https://dx.doi.org/10.2307/1369636.]

With, K.A., King, A.W., and Jensen, W.E., 2008, Remain-
ing large grasslands may not be sufficient to pre-
vent grassland bird declines: Biological Conserva-
tion, v. 141, no. 12, p. 3152-3167. [Also available at
https://dx.doi.org/10.1016/j.biocon.2008.09.025.]

Wood, T.J., Essner, R.L., Jr., and Minchin, P.R., 2013, Effects
of prescribed burning on grassland avifauna at Riverlands
Migratory Bird Sanctuary: Polymath: An Interdisciplinary
Arts and Sciences Journal, v. 3, no. 1, p. 19-38.

Waulff, S.J., Butler, M.J., and Ballard, W.B., 2016, Assessment
of diurnal wind turbine collision risk for grassland birds
on the southern Great Plains: Journal of Fish and Wildlife
Management, v. 7, no. 1, p. 129-140. [Also available at
https://dx.doi.org/10.3996/042015-JFWM-031.]

Yahner, R.H., 1982, Avian nest densities and nest-site selection
in farmstead shelterbelts: The Wilson Bulletin, v. 94, no. 2,
p. 156-175.

Zimmerman, J.L., 1992, Density-independent factors affecting
the avian diversity of the tallgrass prairie community: The
Wilson Bulletin, v. 104, no. 1, p. 85-94.

Zimmerman, J.L., 1993, Birds of Konza—The avian ecol-
ogy of the tallgrass prairie: Lawrence, Kans., University of
Kansas Press, 186 p.

Zimmerman, J.L., 1997, Avian community responses to fire,
grazing, and drought in the tallgrass prairie, in Knopf,
F.L., and Samson, F.B., eds., Ecology and conservation of
Great Plains vertebrates: New York, N.Y., Springer-Verlag,
p. 167-180. [Also available at https://doi.org/10.1007/978-
1-4757-2703-6 7.]

Zimmerman, J.L., and Finck, E.J., 1983, Success in a sec-
ondary habitat—The Dickcissel in the tallgrass prairie, in
Brewer, R., ed., Proceedings of the eighth North American
Prairie Conference: Kalamazoo, Mich., Western Michigan
University, p. 47—49.


http://dx.doi.org/10.2307/1369636
http://dx.doi.org/10.1016/j.biocon.2008.09.025
https://dx.doi.org/10.3996/042015-JFWM-031
https://doi.org/10.1007/978-1-4757-2703-6_7
https://doi.org/10.1007/978-1-4757-2703-6_7

Table MM1.

Measured values of vegetation structure and composition in Eastern Meadowlark (Sturnella magna) breeding habitat by study. The parenthetical descriptors

following authorship and year in the “Study” column indicate that the vegetation measurements were taken in locations or under conditions specified in the descriptor; no
descriptor implies that measurements were taken within the general study area.

[em, centimeter; %, percent; --, no data; CRP, Conservation Reserve Program; WPA, Waterfowl Production Area; >, greater than; <, less than; >, greater than or equal to]

Vegetation

Bare

Management Vegetation . Grass Forb Shrub Litter Litter
State or . * . height- ground
Study . Habitat practice or height . cover cover cover cover depth
province treatment (cm) density (%) (%) (%) cover (%) (cm)
(cm) (%)
Birkenholz, 1973 [llinois Tallgrass prairie -- 51 -- -- -- -- -- -- 10
Bollinger, 1988 New York Tame grassland Hayed 17.7 -- -- -- -- -- -- --
Caito, 1993 Ohio Wildlife Production ~ Multiple 54-115 -- -- -- - -- -- -
Area
Delisle, 1995 Nebraska Tame grassland Cool-season seed- 29482, 30-48¢ 82.1-86.1 3.8-8.5 0 2 7.4-8.1 2.1-2.4
(CRP) ing mixture 20-24°
Delisle, 1995 Nebraska Tame grassland Warm-season 14-782, 63-88¢ 84.5-85.3 3.6-6.3 0 2.9-4.6 5.6-7.2 1.9-3.2
(CRP) seeding mixture ~ 61-65°
Evrard and Bacon, Wisconsin Tame grassland Burned 28.8-87.1 6.4-47.4° -- -- -- -- -- 2-6.4
1995 (WPA)
Frey and others, Kansas, Tallgrass prairie Intensively early -- 22.8°4 -- -- -- -- -- --
2008 (nests) Oklahoma grazed and
burned
Frey and others, Kansas, Tallgrass prairie Season-long -- 24.7%4 -- -- -- -- -- --
2008 (nests) Oklahoma grazed and
burned
Frey and others, Kansas, Tallgrass prairie Season-long -- 25.3¢d - -- -- -- -- --
2008 (nests) Oklahoma grazed and
unburned
Fuhlendorf and Oklahoma Tallgrass prairie Annual complete 14.7 -- 63 18 -- 20.3 8 --
others, 2006° burn and grazed
Fuhlendorf and Oklahoma Tallgrass prairie Patch burn and 21.7 -- 55.7 19 -- 14.7 50.3 -
others, 2006° grazed
Giuliano and Pennsylvania Tame grassland Cool-season seed-  26.1-82.6 -- -- -- -- -- -- --
Daves, 2002 ing mixture
Giuliano and Pennsylvania Tame grassland Warm-season 43.6-133.5 -- -- -- -- -- -- --
Daves, 2002 seeding mixture
Granfors, 1992f Kansas Tallgrass prairie Burned, grazed -- -- 67 -- -- -- 78 3.1

(nests)
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Measured values of vegetation structure and composition in Eastern Meadowlark (Sturnella magna) breeding habitat by study. The parenthetical descriptors

following authorship and year in the “Study” column indicate that the vegetation measurements were taken in locations or under conditions specified in the descriptor; no
descriptor implies that measurements were taken within the general study area.—Continued

[em, centimeter; %, percent; --, no data; CRP, Conservation Reserve Program; WPA, Waterfowl Production Area; >, greater than; <, less than; >, greater than or equal to]

Vegetation

Bare

Management Vegetation - Grass Forb Shrub Litter Litter
State or . . . height- ground
Study . Habitat practice or height . cover cover cover cover depth
province treatment (cm) MV (%) (%) cover (%) (cm)
(cm) (%)
Granfors, 1992f Kansas Tame grassland Mowed -- -- 82 -- -- -- 77 2.7
(nests) (CRP)
Harrison, 1974 Michigan Tame grassland Hayed 57 -- -- -- -- -- 65 --
(territories)
Hubbard and oth-  Kansas Tallgrass prairie, Multiple -- 35¢ -- -- -- 3.8 -- 8.3
ers, 2006 (nests) tame grassland
Hull and others, Kansas Tame grassland Burned -- -- 42 8 -- 56 -- --
1996¢ (CRP)
Jensen, 1999 Kansas Tallgrass prairie Multiple 0.4-41.2" -- 55.4 11.1 0.1 8.6 19.1 --
(nests)
Jensen, 1999 (nest  Kansas Tallgrass prairie Multiple 0.6-38.3" -- 52.6 9.1 0.2 15.9 19 -
vicinity)
Kahl and others, Missouri Multiple Multiple = = = - - - >65 -
1985 (territories)
Kershner and [llinois Tame grassland Hayed -- -- 83.5 16.4 -- 0 -- --
Bollinger, 1996
(nests)
Kershner and [llinois Cool- and warm- Multiple 31.9-59 22-31.6¢ 55-67.9  10.7-21.6 -- 0.5-5 7.6-23 2.8-4.7
others, 2004a season grasslands
(nests)
King and Savidge, Nebraska Tallgrass prairie Hayed or burned 3349 22-25¢ -- -- -- -- -- --
1995
King and Savidge, Nebraska Tame grassland Cool-season seed- 33-75 24-44¢ -- -- -- -- -- --
1995 (CRP) ing mixture
King and Savidge, Nebraska Tame grassland Warm-season 65-156 34-78¢° -- -- -- -- -- --
1995 (CRP) seeding mixture
McCoy and others, Missouri Tame grassland Cool-season seed- -- 51¢ 46 33 1 12 75 2.6
2001¢ (CRP) ing mixture
McCoy and others, Missouri Tame grassland Warm-season - 80¢ 54 27 <1 11 74 2.2
2001¢ (CRP) seeding mixture
Osborne and Spar-  Illinois Tame grassland Idle -- 56.5¢ 47.4 233 -- 8.5 -- 6

ling, 2013¢

(CRP)

vz
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Table MM1. Measured values of vegetation structure and composition in Eastern Meadowlark (Sturnella magna) breeding habitat by study. The parenthetical descriptors
following authorship and year in the “Study” column indicate that the vegetation measurements were taken in locations or under conditions specified in the descriptor; no

descriptor implies that measurements were taken within the general study area.—Continued

[em, centimeter; %, percent; --, no data; CRP, Conservation Reserve Program; WPA, Waterfowl Production Area; >, greater than; <, less than; >, greater than or equal to]

Management Vegetation Vege:tallon Grass Forb Shrub Bare Litter Litter
State or . . . height- ground
Study . Habitat practice or height . cover cover cover cover depth
province treatment (cm) MV (%) (%) cover (%) (cm)
(cm) (%)
Osborne and Spar-  Illinois Tame grassland Disked -- 52¢ 47.7 22.5 - 16.1 -- 5.4
ling, 2013¢ (CRP)
Osborne and Spar-  Illinois Tame grassland Glyphosate- -- 56.7¢ 23.8 37.5 -- 12.9 -- 4.1
ling, 20138 (CRP) sprayed
Osborne and Spar-  Illinois Tame grassland Glyphosate- -- 53.7¢ 293 313 -- 15.5 -- 3.6
ling, 2013¢ (CRP) sprayed and
seeded
Pillsbury, 20108 lowa, Mis- Restored native Multiple -- 44.6¢ 21.7 24.8 23 -- 32.1 --
souri grassland
Powell and Busby, Kansas Tallgrass prairie Unburned idle 93° -- -- -- -- -- -- 12.5
2013
Powell and Busby, Kansas Tallgrass prairie Burned idle 520 -- - -- -- -- -- 0.3
2013
Powell and Busby, Kansas Tallgrass prairie Hayed 50.12 -- - -- - -- -- 6.5
2013
Powell and Busby, Kansas Tallgrass prairie Grazed 74° -- -- -- -- -- -- 9.4
2013
Renfrew and Ribic, Wisconsin Tame lowland Grazed - 8.4¢ - - - 34.9 - 1
2002 grassland
Renfrew and Ribic, Wisconsin Tame upland grass-  Grazed -- 9.9¢ - -- -- 26.1 -- 1.1
2002 land
Renfrew and Ribic, Wisconsin Tame grassland Grazed -- 9¢ - 31.8 -- 37.6 -- --
2008
Robles, 2010 Towa Tame grassland - - 16.3¢ - - - - - --
Roseberry and Illinois Multiple Multiple 38 - - - - - - -
Klimstra, 1970
(nests)
Roth and others, Wisconsin Tame grassland Idle warm-season -- 58° -- 38.2 -- -- -- 32
2005 (CRP)
Roth and others, Wisconsin Tame grassland Harvested warm- -- 12.4¢ -- 332 -- -- -- 1.4
2005 (CRP) season
Sample, 1989 Wisconsin Multiple -- 66 19.8¢ - 73.7 4.1 5.4 14.4 --
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Table MM1. Measured values of vegetation structure and composition in Eastern Meadowlark (Sturnella magna) breeding habitat by study. The parenthetical descriptors
following authorship and year in the “Study” column indicate that the vegetation measurements were taken in locations or under conditions specified in the descriptor; no

descriptor implies that measurements were taken within the general study area.—Continued

[em, centimeter; %, percent; --, no data; CRP, Conservation Reserve Program; WPA, Waterfowl Production Area; >, greater than; <, less than; >, greater than or equal to]

Management Vegetation Vege:tallon Grass Forb Shrub Bare Litter Litter
State or . . . height- ground
Study . Habitat practice or height . cover cover cover cover depth
province treatment (cm) density (%) (%) (%) o (%) (cm)
(cm) (%)
Skinner, 1975 Missouri Multiple Multiple 10.2-30.4 -- - 30 - 3 -- -
Skinner and others, Missouri Tallgrass prairie Multiple -- -- - 20-50 -- -- -- --
1984
Wiens, 1969¢ Wisconsin Tame grassland Multiple -- -- 98 11 -- 0 -- --
(nests)
Wiens, 1969¢ Wisconsin Tame grassland Multiple -- -- 96 30 -- 3 -- --
(territories)
Wood and others, Missouri Restored native 0-1 Year post- 186.7 -- 41.3 33.9 -- -- 49.9 2
2013¢ grassland burned
Wood and others, ~ Missouri Restored native 2-4 Year post- 177.2 -- 34.1 34.5 -- -- 71 3
2013¢ grassland burned
Wood and others, Missouri Restored native >5 Year post- 183.6 -- 43.9 23.1 -- -- 65.5 3.7
2013¢ grassland burned

“Live vegetation height.

"Standing dead vegetation height

“Visual obstruction reading (Robel and others, 1970).

4Values averaged among three topographic positions.

“The sum of the percentages is >100%, based on the modified point-quadrat technique as described by the author.

"The sum of the percentages is >100%, based on the methods of Hays and others (1981).

¢The sum of the percentages is >100%, based on methods described by the authors.

"Ranges encompass the average heights of live grass, dead grass, live forb, and woody plants.

Range of values includes data from successful and failed initial nests and data from successful and failed subsequent nests.

‘Herbaceous vegetation cover.
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