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ABSTRACT

Grassland birds are one of the most endangered taxa in temperate North America. Because many species declines have
been linked to habitat fragmentation and loss, large-scale prairie restoration projects have the potential to provide critical
habitat for these declining species. We examined how the structure of restored grassland habitat changes through time
and how diversity and community composition of grassland birds respond to these changes. Our study was completed at
Neal Smith National Wildlife Refuge, a large-scale prairie restoration in central lowa. Vegetation composition and structure
were measured at 42 restored grassland plots throughout the refuge in 2007. Birds were surveyed at these locations from
1994 to 2007. Survey points were sorted into five categories (out of crop rotation for 1, 2, 3, 4-6, and > 6 y). In the initial
phases of restoration, species such as horned larks, red-winged blackbirds, and killdeer were abundant. Other species
such as common yellowthroats and dickcissels were more common in established restored points. Henslow’s sparrows
appeared only at survey points that were out of crop rotation for more than 6 years. Diversity peaked in survey points
that were 2-3 years out of crop rotation and points that were more than 6 years out of rotation. Community composi-
tion shifted through the chronosequence of prairie plantings. Changes in diversity and shifts in community composition
can be explained by changes in vegetative structure. Our results suggest that managing for a variety of restored prairie
stages will best maintain the highest levels of avian diversity and abundance.
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emperate grasslands are one of

the world’s most endangered eco-
systems (Van Dyke et al. 2004). In
North America alone, 99 percent of
the original tallgrass prairie has been
destroyed or modified, primarily for
agricultural purposes (Lunt 2003).
A number of studies have examined
the impacts of management practices
on restored tallgrass prairies in terms
of the presence and nesting success
of the grassland birds (Fletcher and
Koford 2002, Van Dyke et al. 2004).
Birds are a useful indicator taxon in
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conservation biology; their status
often reflects the overall health of the
ecosystem (Taper et al. 1995). Grass-
land birds are also declining faster than
any other groups of avian species in
temperate North America (Peterjohn
and Sauer 1993, Knopf 1994). For
example, Henslow’s sparrow (Ammo-
dramus henslowii), grasshopper spar-
row (A. savannarum), and bobolink
(Dolichonyx oryzivorus) are just a few
grassland specialist species that have
faced significant population declines
in the past several decades (Vickery et
al. 1999, Sauer et al. 2004).

A number of studies have focused
on the effects of specific restora-
tion management practices (such as
burning, grazing, and mowing) on
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grassland bird communities (Van
Dyke et al. 2004, Fuhlendorf et al.
2006, Powell 2006). However, few
studies have examined how the varia-
tion in vegetation structure of tallgrass
prairies as restoration progresses influ-
ences bird diversity and community
structure (in addition to management
practices that have been more thor-
oughly examined, such as mowing,
burning, and grazing) (Winter et al.
2005). The structure of vegetation in
managed grassland systems can vary
over time on the same site (Winter
et al. 2005). Thus managers need to
understand how changes in habitat
structure of restored tallgrass prairies
affect bird communities.
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The central objective of our study
is to examine how specific grassland
bird species respond to changes in
vegetation structure over time since
individual prairie restorations have
been removed from crop rotation. The
prairie plantings are all part of a larger
restoration complex that makes up the
Neal Smith National Wildlife Refuge in
central lowa. We also evaluate shifts in
avian community composition through
a chronosequence of prairie plant-
ings and changes in vegetation due to
management of these restored tallgrass
prairies. Other studies have examined
similar questions related to changes in
bird diversity and relative abundance
over time, but on smaller scales, primar-
ily in grassland plantings that are part
of the Conservation Reserve Program
(Millenbach et al. 1996, McCoy et al.
2001). However, this is a novel study
because we address these questions
over both large spatial and long tem-
poral scales (approximately 2,300 ha
examined over a decade).

We expected to see the greatest
diversity of bird species in restored
areas that were at least three years old.
We assumed that this amount of time
would allow the vegetation structure
to increase in complexity and provide
space for a variety of bird species to
forage and reproduce. A number of
other studies have demonstrated that
avian diversity increases in grassland
systems with increased levels of verti-
cal and horizontal vegetation struc-
ture (Hilden 1965, Cody 1968, Wiens
1969, Zimmerman 1971). Fuhlendorf
and others (2006) demonstrated that
grass cover, litter cover, and vegetation
height increased in tallgrass prairies
over time after a disturbance such as
patch-burn-grazing. These changes
in environmental variables indicated
an overall increase in complexity of
vegetation structure and promoted
increased avian species diversity.

We further hypothesized that
grassland bird species most sensitive
to changes in vegetation structure
(grassland specialists) would show
the most pronounced shifts in abun-
dance through time. These specialists
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include Henslow’s sparrows and dick-
cissels (Spiza americana) (Cully and
Michaels 2000, Walk and Warner
2000). We expected that increased
complexity in the vegetative structure
could increase preferred microhabitats
for nesting and foraging for a number
of other species (bobolink, grasshop-
per sparrow, and eastern meadowlark
[Sturnella magnal). Martin (1998,
2001) discusses how imperative these
microhabitats are for avian species
during the breeding season. Finally,
we expected bird community com-
position to shift through time as the
plantings became better established
(more than 3 years). For example, as
cropland is converted to herbaceous
grassland habitat, early successional
grassland species that use these agricul-
tural fields (horned lark [Eremophila
alpestris], vesper sparrow [Pooecetes
gramineus], and killdeer [Charadrius
vociferus]) would become less abun-
dant, whereas tallgrass prairie spe-
cialists (bobolinks, eastern meadow-
larks, and Henslow’s sparrows) would
become more abundant in subsequent
years (Thomas 1999, B. Giesler, Neal
Smith NWR, pers. comm.).

Methods
Study Area—We conducted our work

on a large-scale restoration project,
Neal Smith National Wildlife Refuge
(NSNWR) in Prairie City, lIowa
(approximately 2,300 ha). The refuge
was established in 1990 and prairie
plantings began in 1992 to restore
an area of Jowa that was historically
prairie and savanna (USFWS 1992).
At the time of acquisition, there were
565 ha of relict natural communities
within the refuge boundaries, includ-
ing 293 ha of highly fragmented and
disturbed prairie remnants, 182 ha of
overgrown oak savanna and wooded
gullies, and 89 ha of relict riparian
areas (Roelle and Hamilton 1993,
Thomas 1999). The total area under
restoration has increased since 1992,
and an average of 200-250 ha of new
prairie plantings are planned each
year (beyond 2008). In 1992, a total
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of 87 ha of new grassland had been
restored, and approximately 3,600 ha
as of 1998. The major goals of the
refuge include restoring native tall-
grass prairie, wetland, and savanna
habitats and performing research to
guide the recovery of these systems
(Roelle and Hamilton 1993, Drob-
ney 1994). This long-term project has
allowed us to examine the structure
of the vegetation and composition of
avian communities at a number of
large-scale prairie plantings within
the refuge that were established at
different times over the last 13 years.

Sampling Sites and Chronosequence
Stages—We took a chronoseries
approach to this study (sampling
prairie plantings at different stages of
restoration over time). From 1994 to
2007, 42 survey points in restored
grasslands were surveyed for birds. At
each site, a center point was located
for avian surveys. These points were
separated by at least 200 m (as used in
Thomas 1999). The minimum patch
size of the fields in which we estab-
lished these points was 25 ha. There
was no established minimum distance
from the edge of the refuge, and some
prairie plantings are bordered by roads
and woody areas. Edge is difficult to
control for in this study because the
interior of NSN'WR includes patches
of woodland and scattered agricultural
fields. We examined the avian survey
data in terms of how long each survey
point had been out of crop rotation
and planted with native prairie species
since 1994. The five chronosequence
stages we used are first-year restora-
tion (7 = 28), second-year restoration
(7 = 20), third-year restoration (n =
20), restored for four to six years (7 =
24), and restored for longer than six
years (z = 30), since in our experience
few changes in vegetation and avian
communities occur after this length of
time. Although each survey point was
sampled annually once established, we
analyzed the data from a single ran-
domly chosen year for the later chro-
nosequence stages (4—6 y and > 6 y) so
that each survey point was represented
no more than once per stage.



A variety of prairie management
practices are used at NSNWR, includ-
ing burning and mowing. While these
practices may pose a concern in pin-
pointing the main effects that are
driving our diversity responses, burn-
ing and mowing are controlled for
based on how long the site has been
out of cropland (PM. Drobney, pers.
comm.). Mowing is typically done the
first year after a site is planted. Partial
burns then typically follow every other
year. There are occasional exceptions,
especially when invasive species are
found at a site, and localized man-
agement such as spraying may occur
on that site regardless of how long it
has been out of crop rotation. Refuge
staff examine plantings annually to
assess the need for burning, and non-
native species cover is often the driv-
ing factor determining when fire is
recommended on a site.

Measurement of Habitat Structure—
Vegetation was measured at each of
the 42 restored grassland survey points
during late May and June 2007. Data
describing the habitat structure were
collected at five locations at each
survey point: one at the center of the
site and one at each cardinal direction
30 m from the center point of the site.
The following data were collected at
each location: litter depth; composi-
tion of the litter (plant, rock, soil, or
woody material); composition of the
vegetation (woody, forb, or grass); and
maximum height of the vegetation
and its vertical density, measured as
percent obscurity using a Robel pole
(Robel et al. 1970). The 125 cm pole
was partitioned into 10 cm segments;
each considered a “zone.” The percent
obscurity was estimated to the lower
limit of the first zone visible from a
distance of 1 m (0 cm = 0%, 1-20 cm
= 1%, > 20-40 cm = 20%, > 40-60
cm = 40%, > 60-80 cm = 60%, and
> 80-100 cm = 80%). A measurement
of 100% was recorded when the pole
was fully obscured by vegetation.

Avian Surveys—Birds were surveyed
once per season from 1994 to 2007
at the center point of each site. Sam-
pling took place during the breeding

season (late May-June). Individuals
were surveyed between 5:30 A.M. and
10:30 A.M. using ten-minute point
counts in circular plots (measured
from the center point of each site).
During a survey, each bird seen or
heard within the 50 m radius was
recorded, and its location and distance
from the observer were mapped. Fly-
overs were not included in the analysis
because we were interested in only
those individuals that showed evi-
dence of actually utilizing the habitat
for foraging and reproduction. We
examined how the abundance of 12
grassland songbird species changed
through the chronosequence of prairie
plantings; all songbird species were
included in an overall diversity analy-
sis. The seven grassland species (dick-
cissel, grasshopper sparrow, horned
lark, killdeer, bobolink, vesper spar-
row and Henslow’s sparrow) and five
generalist species (red-winged black-
bird [Agelaius phoeniceus], American
goldfinch [Carduelis tristis], common
yellowthroat [ Geothlypis trichas], song
sparrow [Melospiza melodial, and
American robin [ Turdus migratorius])
were chosen a priori based on expected
abundance patterns for the species-
level analysis.

Statistical Analyses—All statistical
analyses were performed using S-Plus
(vers. 7.0, Insightful, Seattle WA)
and PC-ORD (vers. 4.0, MjM Soft-
ware Design, Gleneden Beach OR).
Repeated measures one-way ANOVA
was used to examine the differences in
avian species richness and abundance
through the chronosequence of prairie
plantings and to assess the differences
in prairie habitat structure as the res-
torations proceeded through time. The
Tukey-Kramer procedure was used as
a follow-up analysis to test for dif-
ferences in avian abundance through
prairie stages (for each species ana-
lyzed) and for specific significant dif-
ferences in habitat variables through
the restoration categories. Multiple
comparisons of species were corrected
for using a sequential Bonferroni test
(Holland and Copenhaver 1987).
Both Shannon’s Index and Simpson’s
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Index were used to examine avian
alpha diversity through the various
stages of prairie restoration (Shannon
and Weaver 1949, Simpson 1949).
It is useful to consider both of these
because Shannon’s Index is sensitive
to changes in rare species and Simp-
son’s Index is sensitive to changes in
the most abundant species (Magur-
ran 2004). Differences in avian com-
munity composition across the chro-
nosequence of prairie plantings were
evaluated using both Sorensen’s Index
and the Bray-Curtis Index (Sorensen
1948, Bray and Curtis 1957). The
former is based on relative presence/
absence data, and the latter accounts
for relative abundances of individuals
of different species.

Avian community compositions
through the chronosequence of prai-
rie plantings were also assessed using a
multirandom permutation procedure
(MRPP) employing the Bray-Curtis
distance measures. This is a non-
parametric procedure for testing the
hypothesis of no difference between
two or more groups (McCune and
Mefford 1999). The MRPP has the
advantage of not requiring the assump-
tions of multivariate normality and
homogeneity of variances (McCune
and Mefford 1999). The statistic (A)
is the chance-corrected within-group
agreement:

observed difference in the
distances between values in
the community matrix

expected differences in the
distances between values in

the community matrix

When all items are identical within
groups, then A = 1, the highest pos-
sible value. If heterogeneity within
groups equals that expected by chance,
then A = 0. Finally, if there is less agree-
ment within groups than expected by
chance, then A < 0. Values of 4 < 0.1
are often observed with community
ecology data, even when the observed
distances between values in the com-
munity matrix differ significantly
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Table 1. Mean (+ SE) annual abundance of 12 songbird species inhabiting different stages of tallgrass prairie resto-
rations (recorded as years out of crop rotation) at Neal Smith National Wildlife Refuge in lowa. Data were pooled
from 1994 through 2007 and ANOVA was used to test for differences, followed by Tukey-Kramer analysis. Species
that were significantly different across restoration stages are indicated by different letters.

Annual Abundance

Species Ty(n=28) 2y(n=20) 3y(n=20) 46y(n=24) 6+y(n=30) F p
American goldfinch

(Carduelis tristis) 0.61(0.36)  1.20(0.43)  1.00(0.43)  1.25(0.39)  1.23(0.36) 0.50  0.7327
American robin

(Turdus migratorius) 0.11 (0.04)  0.00 (0.00)  0.10(0.05)  0.04 (0.05)  0.03 (0.04) 0.89  0.4725
Bobolink 0.07 (0.04)  0.00 (0.00)  0.00(0.00)  0.00 (0.00)  0.07 (0.04) 0.84  0.5658
(Dolichonyx oryzivorus) ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’
Common yellowthroat

(Geothlyphs trichas) 0.10(0.17)b  0.75(0.20)ab 1.16 (0.20)a 0.58 (0.18)ab 1.03(0.16)a  5.49  0.0004
Dickcissel 0.55(0.21)b  1.55(0.25)a 1.40(0.25)ab 1.04 (0.23)ab 1.03(0.21)ab 3.13  0.0173
(Spiza americana) ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’
Grasshopper sparrow

(Ammoshamus savamnarumy 046 ©16)  0.85(0.18)  0.50(019)  0.33(0.17)  033(0.16) 1.26  0.2881
Henslow's sparrow

(Ammodramus henslowi 0.00 (0.00) b  0.00 (0.00)b 0.00 (0.00) b 0.00 (0.00)b 0.43(0.07)a  7.15 <0.0001
Horned lark

(Eremophila alpestris) 0.36 (0.06)a  0.00 (0.00)b 0.00(0.00)b 0.00 (0.00)b 0.00(0.00)b  7.26 <0.0001
Killdeer

(Charadius vociferous) 0.78 (0.11)a 0.10(0.13)b 0.00 (0.00) b 0.00 (0.00)b 0.00 (0.00)b  9.90 < 0.0001
Red-winged blackbird 1.53(0.39)b 3.40 (0.47)a 2.55(0.47) ab 2.08 (0.43)ab 1.73(0.39)ab 2.82  0.0283
(Agelaius phoeniceus) ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’
Song sparrow

(Melospiaa melodia) 0.14 (0.07)  0.20(0.08)  0.25(0.09)  0.08 (0.08)  0.10(0.07) 0.67  0.6150
Vesper sparrow 0.32(0.07)a 0.05(0.08) ab 0.05 (0.08) ab 0.00 (0.00)b 0.00 (0.00)b 4.16  0.0076

(Pooecetes gramineus)

from the expected (this could occur
with sample sizes as large as 7 = 200)

(McCune and Mefford 1999).

Results

Avian Trends through
a Chronosequence of
Prairie Planting

Seven of the 12 songbird species exam-
ined showed significant differences
in levels of abundance through the
chronosequence of prairie plantings
(Table 1). Horned larks appeared only
in survey points that were one year
out of crop rotation, killdeer appeared
only in survey points that were one
or two years out of crop rotation, and
vesper sparrows were absent from
survey points that were more than
three years out of crop rotation. Both
red-winged blackbirds and dickcissels
peaked in abundance in survey points
two or three years out of crop rotation.
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The highest levels of common yellow-
throats occurred in survey points that
were either three or more than 6 years
out of rotation.

Differences over time in both avian
richness and avian abundance were
significant (Table 2). Richness and
abundance levels exhibited a bimodal
response over time and were greatest
in survey points that were two to three
or more than six years out of rotation.
Shannon’s Index and Simpson’s Index,
both of which measure alpha diver-
sity, were also significantly different
through the chronosequence of prairie
plantings on the refuge. They had the
greatest values in survey points that
were two to three years and more than
six years out of crop rotation.

A total of 40 bird species were
observed across the 42 surveyed
points. Avian community composi-
tion changed significantly through the
chronosequence of prairie plantings

(Table 3). While all of the similarity
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measurements between restoration
stages were low (4 < 0.05), the avian
community composition in survey
points one year out of crop rotation
was significantly dissimilar to that of
all other stages, as was the avian com-
munity composition in plantings older
than six years (Table 4).

Restored Prairie Habitat
Structure through a
Chronosequence of
Prairie Plantings

The percent cover of forbs and grass
and density of the lower levels of veg-
etation changed significantly through
the chronosequence of tallgrass prai-
rie plantings (Figure 1a). Forb cover
reached its maximum (54.5%) in
survey points that were three years
out of crop rotation and its minimum
(21.3%) in points that were more than
six years out of crop rotation. Grass
cover reached its maximum (78.7%)



more than six years out of crop rota-
tion and a minimum (15.0%) one year
out of crop rotation. Percent obscurity
(vegetation density) of the lower levels
of vegetation reached a maximum
(77.2%) in survey points more than
six years out of crop rotation and a
minimum (0.6%) one year out of crop
rotation. Average litter depth (Figure
1b) and average maximum vegetation
height (Figure 1c) also changed sig-
nificantly as tallgrass prairie plantings
aged. Litter depth increased gradually
as the plantings aged (from 0.20 cm
to 7.58 c¢cm). The average maximum
height of the vegetation was lowest in
survey points one year out of crop rota-
tion (23.87 cm). Survey points that
were three to more than six years out
of crop rotation had similar maximum
vegetation heights.

Discussion

Individual Species Trends and
Habitat Changes through
Prairie Restoration Stages

Red-winged blackbird, dickeissel,
common yellowthroat, horned lark,
killdeer, vesper sparrow, and Henslow’s
sparrow all displayed significant
changes in abundance through the
chronosequence of tallgrass prairie
plantings at NSN'WR. Horned larks,
killdeer, and vesper sparrows were
highest in abundance in survey points
that were one year out of crop rota-
tion. These three species selectively
use and nest in open, sparsely veg-
etated habitats (Herkert 1994, Best
et al. 1995). The expansive areas of
agricultural landscape in the state of
Iowa have provided increased nesting
opportunities for these species and
have allowed them to sustain their
populations in the central United
States (Best et al. 1995). Low levels of
litter and short vegetation, such as are
found in our survey points one year
out of crop rotation, appeal to horned
larks, killdeer, and vesper sparrows.
These species decreased in abundance
in survey points that were two or more
years out of crop rotation, as expected.

Table 2. A comparison of mean (+ SE) abundance, species richness, Shan-
non’s Index, and Simpson’s Index of birds inhabiting different stages of
tallgrass prairie restorations (recorded as years out of crop rotation) at
Neal Smith National Wildlife Refuge in lowa. Data were pooled from 1994
through 2007 and an ANOVA was used to test for differences.

Stage (y) Richness Abundance Shannon Simpson
1(n=28) 2.89 (0.33) 6.14 (0.86) 0.89 (0.09) 0.52 (0.04)
2 (n=20) 3.90 (0.39) 9.90 (1.02) 1.10 (0.11) 0.60 (0.05)
3 (n=20) 4.10 (0.39) 8.00 (1.02) 1.24 (0.117) 0.68 (0.05)
4-6 (n=24) 3.29 (0.35) 6.21 (0.93) 1.00 (0.10) 0.56 (0.05)
6+ (n=30) 4.57 (0.27) 7.90 (0.71) 1.38 (0.08) 0.69 (0.04)
F 2.01 2.65 5.52 3.91

p 0.0023 0.0367 0.0004 0.0051

Table 3. Evaluating similarity in community composition of birds inhabit-
ing different stages of tallgrass prairie restorations (recorded as years out
of crop rotation) at Neal Smith National Wildlife Refuge in lowa using
Serensen’s Index and the Bray-Curtis Index, reported as means (+ SE). Data
were pooled from 1994 through 2007 and an ANOVA was used to test for

differences.

Stage (y) Sorensen Bray-Curtis
1vs. 2 0.27 (0.25) 0.27 (0.05)
2vs.3 0.59 (0.05) 0.47 (0.05)
3vs. 4-6 0.54 (0.07) 0.41 (0.06)
4-6vs. 6+ 0.41 (0.07) 0.34 (0.07)
1 vs. 6+ 0.25 (0.07) 0.20 (0.06)
F 6.83 3.89

p < 0.0001 0.0070

Table 4. Pairwise comparisons of similarity of avian communities inhabiting
different stages of tallgrass prairie restorations (recorded as years out of

crop rotation) at Neal Smith National Wildlife Refuge in lowa using a multi-
random permutation procedure (MRPP). The Bray-Curtis distance measure

is used to quantify similarity (A).

Stage () p
Tvs. 2 0.0365 0.0007
Tvs.3 0.0444 < 0.0001
1 vs. 4-6 0.0497 < 0.0001
1 vs. 6+ 0.0491 < 0.0001
2vs. 3 -0.0046 0.6761
2vs. 4 0.0022 0.3383
2 vs. 6+ 0.0142 0.0277
3 vs. 4-6 -0.0017 0.5350
3 vs. 6+ 0.0089 0.0714
4-6 vs. 6+ 0.0120 0.0318

Red-winged blackbirds, common
yellowthroats, and dickeissels increased
in abundance in survey points two
or more years out of crop rotation.
Red-winged blackbirds and common
yellowthroats are generally abundant
throughout the refuge (Thomas 1999).
They use a variety of habitats for nest-
ing. However, they do require some
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habitat cover (Best et al. 1995), and
their abundance was lower in survey
points that were only one year out of
crop rotation (short vegetation, very
low vegetation density). Red-winged
blackbirds decreased in abundance
after more than two years out of rota-
tion because they do not prefer grassy
sites or deep litter depths (Scott et al.
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2002). Dickcissels prefer intact prairie
habitat (Thomas 1999, Powell 20006)
and were more abundant in areas that
were more than one year out of crop
rotation. However, this species is less
dependent than other grassland birds
on litter depth for nesting, which may
be why dickcissels declined in survey
points that were three or more years
out of crop rotation (Volkert 1992,
Powell 2006). Litter depth increased
in older prairie plantings, and this
deeper litter layer may be more pre-
ferred by other species competing for
these nesting sites. Finally, dickeissels
may have declined in survey points
more than three years out of crop
rotation because they prefer opportu-
nities to perch (Zimmerman 1971),
and the decrease in forb cover at
these points limits perching locations
(Zimmerman 1971).

Henslow’s sparrows were found only
in survey points that were six or more
years out of crop rotation. Henslow’s
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sparrows require tall, dense vegeta-
tion (Zimmerman 1988, Culley and
Michaels 2000). The maximum height
of the vegetation becomes relatively
tall (around 95 cm) two years after
a survey point has been out of crop
rotation, and vegetation density was
greatest in points more than six years
out of crop rotation. Henslow’s spar-
rows also rely on litter and standing
dead vegetation for both nesting and
foraging (Volkert 1992, Reinking et
al. 2000, Powell 2006). In addition,
they prefer high levels of grass cover
(Scott etal. 2002). We saw the greatest
average litter depth and grass cover in
survey points more than six years out
of crop rotation.

It was not surprising that we
observed no significant differences
in abundance of American robins
and song sparrows through the vari-
ous prairie stages because these spe-
cies are habitat generalists and prefer
a wide range of habitat structures.

December 2009 ECOLOGICAL RESTORATION 27:4

a) average percent forb cover (p = 0.004), grass cover (p < 0.001), and
obscurity (density) of the vegetation (p < 0.001); b) average litter depth
(p = 0.006); and c) average maximum vegetation height (p = 0.005)
across different stages of tallgrass prairie restorations (recorded as years
out of crop rotation) at Neal Smith National Wildlife Refuge measured
in late-May and June 2007. Significantly different groups using Tukey-
Kramer analysis are indicated by different letters.

While the difference for grasshopper
sparrows was not significant, there is
some indication that their abundance
declines in sites that are more than
two years out of crop rotation. This
is expected because grasshopper spar-
rows are found in areas with shorter
vegetation (Swengel 1996, Powell
2006). The sample size of grasshop-
per sparrows may also be relatively
low because these birds prefer xeric
habitats (Swengel 1996). Surprisingly,
we found bobolinks in very low abun-
dance throughout all survey points.
Herkert (1994) determined that patch
size was the most important predictor
for the presence of bobolinks on grass-
lands. Perhaps the mosaic of habitats
in the refuge is not favorable. Bobo-
links avoid heavily wooded areas, and
NSNWR has many wooded areas dis-
persed throughout the landscape (Best
etal. 1995). In addition, edge effects,
which can decrease effective grassland
patch sizes to smaller than required for



bobolinks to forage and nest, may also
hinder bobolinks from being found in
our survey points (Best et al. 1995).

Patterns of Avian Diversity,
Community Composition,
and Habitat Change through
Prairie Restoration Stages

Alpha diversity (species richness and
abundance) followed a bimodal distri-
bution through the chronosequence
of prairie plantings, with maximum
diversity reached in survey points that
were out of crop rotation for either
two to three years or over six years.
Millenbach and others (1996) found a
similar bimodal pattern in avian diver-
sity on grass-dominated CRP fields
in Michigan. It has been well docu-
mented that avian diversity is highly
correlated with the structural char-
acteristics of the habitat (MacArthur
and MacArthur 1961, Jackson 1992,
Yamaura et al. 2006). The first maxi-
mum in alpha diversity is likely due to
the transition of avian communities
from a grassland just out of crop rota-
tion to one that is two to three years
out of crop rotation. Species such as
killdeer and vesper sparrows, which
specialize in newly planted prairie hab-
itat, continued to be present in survey
points two years out of crop rotation.
At this time, we also observed greater
abundances of species, such as dickcis-
sels and common yellowthroats, that
utilize more complex habitat struc-
ture. The maximum height and den-
sity of vegetation increased rapidly as
the plantings matured from one to
three years old. Grassland specialists
rely on tall, grassy vegetation to nest
and forage (Best et. al 1995, Thomas
1999, Powell 2006). The change in
habitat structure between one and
two years out of crop rotation also
likely explains why we observed the
largest change in avian community
composition between these two time
periods (as measured by both the
Sorensen Index and the Bray-Curtis
Index). The MRPP indicates that

avian community composition was

always significantly different between
survey points one year out of rotation
and all other points. Survey points
one year out of rotation are mowed to
help control invasive species, and this
management contributes to the differ-
ences in vegetation structure and bird
diversity that we observed between
these points and points out of rotation
for longer periods of time.

We observed a decline in diversity
in survey points that were four to six
years out of crop rotation. This may
be due to the decline in forb cover in
older prairie plantings. Dion and col-
leagues (2000) reported that grassland
songbirds have greater nesting success
in areas that have greater forb cover
than grass cover. Nest predation by
ground squirrels (Spermophilus spp.)
and other small mammals increases
in frequency in sites that have greater
grass cover (Dion et al. 2000). This
decreased nesting success could con-
tribute to the decline in abundance
of several bird species in survey
points four to six years out of rota-
tion. However, despite the decrease in
forbs, we saw another peak in diver-
sity in survey points more than six
years out of crop rotation. Summer-
ville and others (2007) found that
older plantings (at least seven years
old) of tallgrass prairie in central Iowa
contained the highest level of Lepi-
doptera diversity. This increased food
supply would benefit the songbirds
nesting in these older restorations. In
addition, the greater litter depth in
survey points six or more years out
of crop rotation especially benefits
species such as Henslow’s sparrow
(more nest cover, preferred ground
microhabitat) (Culley and Michaels
2000, Scott et al. 2002). Renfrew and
Ribic (2001) also found greater abun-
dance and richness of grassland birds
in Wisconsin in sites with the deepest
litter and highest vegetation densities.
However, it is important to note that
management practices differ at other
locations and may result in differences
in prairie succession.
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Implications for Practice

e Avian diversity and relative abun-
dance follows a bimodal response
based on the age of the prairie plant-
ings. We recommend that managers
provide a variety of restored tallgrass
prairie areas of different ages (vary-
ing vegetation structure and habitat
features) to maintain simultaneously
high avian diversity, abundance, and
productivity.

Prairie restorations older than six
years harbor grassland-obligate spe-
cies not found in younger restora-
tions. Some of these species, such
as Henslow’s sparrow, are obligate
specialist grassland species that have
been in decline for a number of years.
Restorations need to be managed to
attract these specialists.

Studies need to continue to examine
the specific habitat variables driving
grassland bird response patterns. This
knowledge will guide managers and
practitioners in how to attain maxi-
mum diversity in restored grasslands
and how to attract specific grassland
specialists to a restored area.

The differences in songbird responses
to vegetation composition versus veg-
etation structure have not been thor-
oughly been examined by ornithol-
ogists. We often assume that vegeta-
tion structure is more important, but
vegetation composition may affect
the prey base and thus may also play
into the suite of predictor variables
for grassland songbird communities.
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