
In the Great Plains region of the United
States, changes in land use accompanying
European settlement resulted in the loss, frag-
mentation, and degradation of native grass-
lands (Samson and Knopf 1994, Samson et al.
2004). Grassland bird populations concurrently
declined in this biogeographic region (Peter-
john and Sauer 1999, Butcher and Niven 2007),
stimulating an abundance of research on the
effects of habitat loss, degradation, and res -
toration on grassland birds (Herkert et al. 1996,
Brawn et al. 2001, Vickery and Herkert 2001,
With et al. 2008). Much of this research has
been conducted on birds that utilize tallgrass

prairie during some portion of their life cycle.
As a result, avian responses to alterations and
management of native tallgrass prairie are rela-
tively well known (Askins et al. 2007). Fewer
studies have examined such relationships in
other prairie ecoregions of the Great Plains,
where similar bird population declines have
been observed (Peterjohn and Sauer 1999,
Samson et al. 2004, Butcher and Niven 2007).

As with tallgrass prairie, the spatial extent
of shortgrass prairie decreased with advancing
conversion of grasslands to croplands in the
Great Plains (Samson and Knopf 1994, Samson
et al. 2004). Reduction in the extent of shortgrass
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INFLUENCE OF PRESCRIBED BURNING ON BIRD ABUNDANCE AND
SPECIES ASSEMBLAGE IN A SEMIARID GREAT PLAINS GRASSLAND
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ABSTRACT.—Encroachment of woody plants is widespread in semiarid grasslands of the southwestern United States.
Wildlife responses to shrub removal techniques in the region are relatively unknown. In 2008 and 2009, we examined
avian responses to prescribed burning of ungrazed shortgrass prairie within a study area (4811 ha) near Amarillo, Texas,
that is heavily encroached by honey mesquite (Prosopis glandulosa) and cholla (Opuntia spp.). Specifically, we compared
relative abundance, species richness, and species diversity of breeding birds across large, spatially replicated experi-
mental plots burned every 2 or 4 years since 2002 and unburned controls. We found no significant differences in the
mean relative abundance of most species across the treatments. However, Northern Bobwhite (Colinus virginianus),
Cassin’s Sparrow (Peucaea cassinii), and Brown-headed Cowbird (Molothrus ater) were more abundant in less frequently
burned plots and unburned controls. We found no differences in species richness or diversity across the treatments.
Limited variation in avian responses across the treatments likely reflects the uniform pattern of vegetation structure we
found across the plots, despite repeated application of prescribed fire at 2- and 4-year intervals over a 7-year period.
Differences in bird species assemblages among the burn treatments might be more prominent in future years as pre-
scribed burning continues.

RESUMEN.—En las praderas semiáridas del suroeste de los Estados Unidos se ha extendido la invasión de plantas
leñosas. La respuesta de la vida silvestre a las técnicas de eliminación de arbustos en la región es relativamente descono-
cida. En 2008 y 2009, examinamos la respuesta de las aves a la quema controlada de praderas sin pastar y de hierba
corta dentro de un área de estudio (4.811 ha) fuertemente invadida por miel de mezquite (Prosopis glandulosa) y cactus
cholla (Opuntia spp.) cerca de Amarillo, Texas, Estados Unidos. Específicamente, comparamos la abundancia relativa, la
riqueza de especies y la diversidad de especies de aves en reproducción a lo largo de parcelas experimentales grandes,
replicadas espacialmente, quemados cada 2 o 4 años desde 2002, y controles sin quemar. No encontramos ninguna dife-
rencia significativa en la abundancia promedio relativa de la mayoría de las especies a través de los tratamientos. Sin
embargo, la Codorniz Norteña (Colinus virginianus), el Gorrión de Cassin (Peucaea cassinii) y el Tordo de Cabeza
Marrón (Molothrus ater) eran más abundantes en terrenos quemados con menor frecuencia y en controles sin quemar.
No encontramos ninguna diferencia ni en la riqueza ni en la diversidad de especies a través de los tratamientos. La limi-
tada variación en las respuestas de las aves a través de los tratamientos probablemente refleja el esquema uniforme de la
estructura de la vegetación que encontramos a través de los terrenos, a pesar de la repetida quema controlada en inter-
valos de 2 y 4 años durante un período superior a siete años. Las diferencias en el ensamble de especies de aves en los
tratamientos de quemado podrían ser más importantes en años futuros si continúan los incendios controlados.
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prairie contributed to population declines in
birds associated with this vegetation type.
More recently, the degradation of remaining
shortgrass prairie has influenced associated
bird populations (Askins et al. 2007). Degrada-
tion is most pronounced in the arid south-
western Great Plains, where fire suppression
and overgrazing have converted semiarid
grasslands to shrubsteppes that are dominated
by woody species, such as mesquite (Prosopis
spp.), salt cedar (Tamarix spp.), and creosote-
bush (Larrea tridentata) (Archer 1989, Bahre
1991, 1995, Bahre and Shelton 1993, Van Auken
2000). Widespread encroachment of honey
mesquite (Prosopis glandulosa) is of particular
concern, as this species now covers more than
38 million ha that was previously classified as
shortgrass prairie in this region (Archer 1989,
Van Auken 2000, Brockway et al. 2002). Popu-
lations of several bird species, such as Scaled
Quail, Northern Bobwhite, Cassin’s Sparrow,
Lark Sparrow, and Western Meadowlark, have
simultaneously declined in the southwest
(Peterjohn and Sauer 1999, Butcher and Niven
2007; see Table 1 for scientific names of birds).
Preservation and restoration of remaining

semiarid shortgrass prairie is essential to grass-
land bird conservation in the Great Plains.

Prescribed burning may increase graminoid
production, reverse shrub encroachment,
and limit further afforestation in semiarid
grassland (Cable 1967, Britton and Wright
1971, Heirman and Wright 1973, Medina and
Silva 1990, Williams et al. 1999, Roques et
al. 2001). However, the use of fire as a man-
agement tool in the southwestern United
States is limited by uncertainty regarding
seasonal and historic fire frequencies, nutrient
turnover rates, slow regrowth of vegetation
following fire events, and resistance to burn-
ing by private landowners (Wright and Bailey
1982, Brockway et al. 2002). As such, few
studies have experimentally examined avian
responses to prescribed burning in semiarid
shortgrass prairie (Ford and McPherson 1996,
Brawn et al. 2001, Bock and Block 2005).
Short-term unreplicated research suggests that
the abundances of some grassland-nesting
bird species increase in the years immediately
following the reintroduction of fire (Bock and
Bock 1992, Kirkpatrick et al. 2002). Other
studies reported no observable change in
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TABLE 1. Detections of bird species (X = detected, otherwise not detected) across 2 prescribed burn treatments (fire
every 2 or 4 years) and unburned controls at the Cross Bar Cooperative Management Area, located near Amarillo, Texas,
2008–2009.

Treatment___________________________
Common name Scientific name 2 4 Control

Scaled Quail Callipepla squamata X X
Northern Bobwhite Colinus virginianus X X X
Mourning Dove Zenaida macroura X X X
Great Horned Owl Bubo virginianus X
Ladder-backed Woodpecker Picoides scalaris X X
Ash-throated Flycatcher Myiarchus cinerascens X X X
Western Kingbird Tyrannus verticalis X
Scissor-tailed Flycatcher Tyrannus forficatus X X
Loggerhead Shrike Lanius ludovicianus X X
Bewick’s Wren Thryomanes bewickii X X X
Cactus Wren Campylorhynchus brunneicapillus X X X
Curve-billed Thrasher Toxostoma curvirostre X X X
Northern Mockingbird Mimus polyglottos X X X
Canyon Towhee Melozone fusca X X
Cassin’s Sparrow Peucaea cassinii X X X
Lark Sparrow Chondestes grammacus X X X
Grasshopper Sparrow Ammodramus savannarum X
Northern Cardinal Cardinalis cardinalis X
Blue Grosbeak Passerina caerulea X X X
Indigo Bunting Passerina cyanea X
Painted Bunting Passerina ciris X X
Western Meadowlark Sturnella neglecta X X X
Brown-headed Cowbird Molothrus ater X X X
Bullock’s Oriole Icterus bullockii X X X
House Finch Haemorhous mexicanus X X X



postdisturbance bird abundances (Reynolds and
Krausman 1998).

Avian community-level responses to fire in
semiarid grasslands of the southwest are simi-
larly unclear. As in tallgrass (e.g., Zimmerman
1992, Fuhlendorf et al. 2006, Coppedge et al.
2008) and mixed-grass prairies (e.g., Grant et
al. 2010), avian species richness in shortgrass
may be lower in the year immediately follow-
ing a prescribed burn and may increase over
time as a result of increasing structural hetero-
geneity (Roberts et al. 2012). Thus, avian
species richness and diversity may be lower in
more frequently burned shortgrass prairie if
prescribed burning maintains or restores
grassland conditions. However, other studies
reported no difference in species richness
between burned and unburned semiarid
grasslands (Reynolds and Krausman 1998). With
such contrasting results, habitat managers
have limited predictability of bird responses
to fire in the southwestern Great Plains; thus,
appropriate prescribed-burning management
for restorative purposes is relatively unknown
(Brockway et al. 2002, Bock and Block 2005,
Askins et al. 2007).

We examined avian responses to prescribed
burning of semiarid shortgrass prairie in the
southern Great Plains of North America. We
compared species-specific relative abundance,
species richness, and species diversity of birds
across large experimental plots burned every 2
or 4 years since 2002 and unburned controls.
Our study area was heavily encroached by
honey mesquite and cholla (Opuntia spp.), as
typically found in the southwestern United
States. We predicted that the abundances of
grassland-nesting bird species would increase
with increasing fire frequency and that the
number of bird species would be greatest in
our unburned controls.

METHODS

Study Area

We conducted our research during the
2008 (18 May–31 July) and 2009 (17 May–31
July) breeding seasons. Our study area was
located approximately 20 km northwest of
Amarillo, Texas (35° N, 101° W) at the 4811-ha
Cross Bar Cooperative Management Area
(CCMA). Average monthly temperatures and
monthly precipitation from May to July in the
years 1971–2000 ranged from 18.0 to 26.0 °C

and 6.4 to 8.3 cm (NWS 2009). Average monthly
temperatures and precipitation ranged from
19.1 to 25.2 °C and 5.3 to 12.6 cm during data
collection in 2008 (NWS 2009). During the
2009 field season, average monthly tempera-
tures and precipitation ranged from 17.7 to
25.6 °C and 1.1 to 9.6 cm (NWS 2009).

The CCMA was historically composed of
graminoid species common to semiarid short-
grass prairie, such as blue grama (Bouteloua
gracilis), hairy grama (Bouteloua hirsuta), and
buffalo grass (Buchloe dactyloides). These grass
species remain abundant at the CCMA. How-
ever, as found consistently across the south-
western United States, fire suppression (>100
years) and extensive overgrazing by domestic
cattle (Bos taurus) (70 years; grazers were
mostly removed in 1993 and completely
removed by 1998) resulted in the widespread
encroachment of honey mesquite and cholla.
In 2002, the U.S. Bureau of Land Manage-
ment (BLM), in cooperation with West Texas
A&M University (WTAMU), established 9 ex -
perimental units (120–220 ha; hereafter “plots”)
on the CCMA to examine the effect of pre-
scribed burning on shrub density. Each plot
was assigned a burn treatment (i.e., fire every
2, 4, or 10 years) in a stratified, random design,
with 3 plot replicates of each burn treatment.

In 2008, plots burned every 2 years had
experienced 3 prescribed burns since 2002
(i.e., 2002, 2004, 2006) and were in the second
growing season since the last prescribed burn
(a burn ban prevented application of fire to
the 2-year burn plots in 2008). Plots burned
every 4 years had experienced 2 prescribed
burns since 2002 (i.e., 2002, 2006) and were in
the third growing season since the last pre-
scribed burn, which was conducted in the
winter of 2006. In 2009 (after the burn ban
was lifted), land managers conducted pre-
scribed burns on plots assigned to receive
prescribed burns every 2 years. Therefore,
during the 2009 breeding bird season, plots
that were burned every 2 years were in the
first growing season since the last prescribed
burn in the winter of 2009, and plots that were
burned every 4 years were in the fourth grow-
ing season since the last prescribed burn in
2006.  Though designated in the experimental
design as plots burned every 10 years, the 10-
year burn replicates had not yet been treated
and there are no records of prescribed burn-
ing or wildfire on these plots at the time of our
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study. As such, they served as unburned con-
trols for the present study but are expected to
be used as 10-year replicates for future studies
conducted at the CCMA.

In 2008 and 2009, we measured herbaceous
plant height, estimated percent horizontal
coverages of grasses, forbs, and bare ground,
and measured several categories (≥1.5 m tall,
live vs. top-killed shrubs, etc.) of mesquite and
cholla densities across the experimental units
as part of a related study (Long et al. 2012). In
general, herbaceous cover responded nega-
tively to increasing burn frequency, but pre-
scribed burning had few clear effects on shrub
density (Table 2). The densities of large shrubs
(i.e., all shrub species combined) and large
top-killed mesquite were higher in unburned
controls, but there were no statistically signifi-
cant differences in the densities of these 2
shrub categories between plots burned every
2 years and unburned controls or between plots
burned every 2 years and plots burned every 4
years (Table 2). Prescribed burning had no
effect on the density of any other shrub cate-
gory included in our analyses (Table 2).

Bird Surveys

We measured bird abundance using point-
count sampling. We surveyed birds within 100
m fixed-radius point-count circles. These were
systematically spaced within each plot to pro-
vide uniform plot coverage, where count-circle
perimeters were at least 200 m apart and at
least 100 m from plot boundaries, to minimize
the risk of recounting individuals or counting
individuals that had territories outside our
plot boundaries. The number of point-count
circles within each plot depended on the total
area of the plot and ranged from 4 to 11 points
per plot. Across the 3 replicates per treatment,
this resulted in 30 point-count circles located
within plots burned every 2 years, 34 point-
count circles located within plots burned every
4 years, and 44 point-count circles located
within the unburned controls.

Each point-count circle was surveyed by a
single observer 3 times per breeding season
(23 May–25 June 2008; 19 May–22 June 2009)
for 5 minutes in the morning from about 06:30
to 09:00. Surveys were not conducted during
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TABLE 2. Comparison of mean vegetation variables across plots treated with prescribed fire every 2 and 4 years and
unburned controls at the Cross Bar Cooperative Management Area located near Amarillo, Texas, during 2008–2009.
Means are listed separately per year where interactions between burn treatment and year were statistically significant.
Standard errors are in parentheses. Reproduced from Long et al. (2012) with permission from John Wiley & Sons, Inc.

Burn treatment___________________________________________________________
Habitat variable a,b,c 2 4 Control

Herbaceous plant height (cm)
2008** 11.0 (1.00) a 11.3 (2.84) a 18.7 (2.73) b
2009* 9.2 (0.73) a 32.7 (4.81) b 34.3 (6.57) b

Percent grass cover*
2008* 64.8 (1.48) a 63.0 (3.13) a 74.4 (1.62) b
2009* 61.6 (0.19) a 76.8 (0.80) b 77.4 (3.25) b

Percent forb cover 10.5 (1.60) 12.3 (0.63) 16.2 (0.74)
Percent bare ground

2008* 35.2 (1.48) a 37.0 (1.67) a 25.6 (0.52) b
2009* 38.3 (0.21) a 22.9 (0.84) b 22.1 (3.35) b

All shrub density 683.3 (123.90) 532.4 (105.13) 627.8 (159.87)
Large shrub density** 95.4 (9.76) ab 65.7 (9.86) a 118.2 (21.62) b
Small shrub density 490.6 (87.09) 385.1 (71.79) 355.2 (63.02)
Mesquite density 313.8 (31.73) 256.0 (28.16) 316.0 (66.11)
Large mesquite density 8.0 (1.98) 8.5 (3.68) 17.0 (4.58)
Small mesquite density 43.8 (6.31) 52.3 (4.79) 60.0 (11.14)
Large top-killed mesquite density** 48.8 (6.26) ab 29.8 (4.79) a 57.4 (11.89) b
Small top-killed mesquite density 91.3 (14.75) 86.3 (16.27) 62.7 (5.80)
Cholla density 138.2 (31.83) 100.7 (36.89) 111.5 (26.02)
Large cholla density 18.5 (5.83) 14.3 (1.65) 21.0 (2.85)
Small cholla density 93.8 (21.92) 81.0 (31.36) 73.3 (12.29
aWe recorded habitat measurements within each 100 m radius circle surveyed to estimate species-specific relative abundance, species richness, and species 
diversity. Details regarding sampling methodology and analysis can be found in Long et al. 2012. 
bMesquite and cholla density (stems ⋅ ha–1) categories: large (≥1.5 m tall), small (<1.5 m tall), live and top-killed (i.e., basal regrowth following fire) mesquite, all
shrubs (across species and size classes), large shrubs (both species), small shrubs (both species), all mesquite (both size classes and structures), and all cholla (both size classes).
cSignificantly different means (*) are indicated with different letters when overall P values indicate a statistically significant difference (P < 0.05) across the burn
treatments. Marginally significant means (**) are also indicated with different letters when 0.05 ≤ P ≤ 0.10.



periods of heavy rainfall. Wind speed was con-
sistently high (range 0–30.4 km ⋅ h–1) through-
out the field season; therefore, we used the
maximum number of birds (per species and
year) detected per point-count circle for calcu-
lations of species-specific relative abundance
(Bibby et al. 2000). We alternated the order
of visitation among survey points per plot to
account for diel variation in bird activity. Dur-
ing surveys, we recorded all birds seen or
heard within 100 m of each survey point. We did
not include flyover detections in our analyses.

For all species but Brown-headed Cowbirds,
we estimated species-specific relative abun-
dance by dividing the maximum number of
singing male birds observed per circle per
year by the area of our 100 m radius point-
count circles (3.14 ha). We estimated the rela-
tive abundance of Brown-headed Cowbirds
similarly, but pooled male and female observa-
tions given that this species is a brood parasite
of many songbirds in the focal avian commu-
nity. Relative abundance (individuals counted
per hectare) per species was averaged across
points per plot, where means per plot were
used as replicates in analyses. This was done
for species where >30 individuals were re -
corded across plots and years.

Our goal was to examine relative differ-
ences in avian abundance across specific treat-
ment types, not to estimate species-specific
density. Therefore, we compared actual counts
per hectare of singing males rather than ac -
counting for imperfect detectability, which can
introduce analytical constraints (e.g., sample
size of counts per species) and uncertainty
when indices adequately address the research
question of interest (Johnson 2008). Our previ-
ous analysis of these data using program
DISTANCE (Buckland et al. 2001, Thomas et
al. 2006) that corrected for imperfect detec -
tability yielded similar results as our relative
abundance estimates (Long 2010). We sus-
pect that detectability was uniform and close
to 1 across the treatments due to similarities in
arboreal vegetation structure across plots
(Long et al. 2012; Table 2).

To characterize species assemblage, we cal-
culated species richness (S) as the total num-
ber of species detected per circle per year, and
then averaged S across circles per plot for each
year. We also calculated Shannon–Wiener
species diversity indices (H�) using the maxi-
mum number of species observed per circle

and the maximum number of individuals ob -
served per species for each circle, by year. We
then averaged H� values across circles per plot
for each year.

Statistical Analysis

We used a 2-way ANOVA performed in R
software (R Development Core Team 2011) to
compare male relative abundance, species
richness, and species diversity among the
treatments (i.e., burning every 2 years, burn-
ing every 4 years, or unburned controls) be -
tween years, as well as to test for interactions
between treatment and year. When the addi-
tive effects of treatment and year or the inter-
actions between treatment and year were not
statistically significant, we used one-way
ANOVAs with the single treatment effect
(with plot-level data averaged across years) to
examine variation in relative abundance,
species richness, and species diversity among
the treatments. When ANOVAs indicated sig-
nificant differences among means, we used
Tukey’s multiple comparison tests for pairwise
comparisons of means among treatments. For
all analyses, we used a traditional a = 0.05
to demarcate statistical significance but also
noted where biological differences may be
evident with marginal P values (0.05 < P <
0.1), as a is arbitrary (Johnson 1999).

RESULTS

We recorded 25 bird species across the 9
plots during surveys conducted in 2008 and
2009 (Table 1). The 5 most common species
were Cassin’s Sparrow (278 detections),
Northern Mockingbird (238 detections), Lark
Sparrow (220 detections), Western Meadowlark
(101 de tections), and Northern Bobwhite (68
detections). These species ac counted for 77%
of our total detections and we observed these
species in all plots.

Based on the criterion of detection sample
size (n > 30), we analyzed mean relative abun-
dance for 9 species (Table 3). A single treat-
ment effect was used to examine variation in
relative abundance for all species but North-
ern Bobwhite and Cassin’s Sparrow; abundances
of the latter species also varied significantly
between years. We found no significant dif -
ferences in mean relative abundances of Mourn-
ing Dove, Cactus Wren, Northern Mocking-
bird, Curve-billed Thrasher, Lark Sparrow, and
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Western Meadowlark across the treatments
(Table 3). Mean relative abundance of Northern
Bobwhite was highest in unburned controls
and lowest in plots burned every 2 years, though
the statistical significance was marginal (Table 3).
Mean relative abundance of Northern Bobwhite
was significantly lower in 2008 than in 2009
(F2, 14 = 10.79, P < 0.01). There was a margin-
ally significant interaction between treatment
and year for relative abundance of Cassin’s Spar-
row (F2, 12 = 3.79, P = 0.05). In 2008, treatment
had no significant effect on mean Cassin’s
Sparrow relative abundance, but in 2009 mean
Cassin’s Sparrow relative abundance was sig-
nificantly higher in plots burned every 4 years
and in unburned control plots than in plots
burned every 2 years (Table 3). The difference
in mean relative abundance of Brown-headed
Cowbirds was marginally significant, with mean
relative abundance highest in unburned con-
trol plots and lowest in plots burned every 2
years. However, there was no significant dif-
ference in the mean relative abundance of
Brown-headed Cowbird in plots burned every
4 years and unburned control plots or in plots
burned every 2 years and every 4 years (Table
3). We found no significant difference in mean
species richness or mean species diversity of
birds across the treatments (Table 3).

DISCUSSION

We predicted that the abundances of grass-
land-nesting bird species would increase with

increasing fire frequency and that species
richness and species diversity would be great-
est in our unburned controls. Consistent with
widespread shrub encroachment in the south-
western Great Plains, and with avian research
conducted in semiarid grasslands of the south-
west (Bock and Bock 1992, Lloyd et al. 1998,
Kirkpatrick et al. 2002), a majority of the
species we observed on our study site are typi-
cally associated with some degree of woody
vegetation (Table 1). Abundances of most
species that met our criteria for analyses, in -
cluding grassland-nesting species (e.g., Western
Meadowlark), showed no differences across
the treatments, and additionally we found no
differences in species richness or diversity
across the treatments (Table 3). The lack of
patterns in our avian responses is likely due to
the limited variation in woody vegetation struc-
ture across the plots (Table 2), despite repeated
application of prescribed fire at 2- or 4-year
intervals over a 7-year period.

Three species did show differences in mean
relative abundance across the experimental
plots. Similar to results reported by Bock and
Bock (1992), the abundance of Cassin’s Spar-
rows was lowest immediately following the
2009 prescribed fire conducted in plots burned
every 2 years and highest in plots burned every
4 years and in our unburned controls. While
this sparrow may prefer more open habitat
for foraging, its distribution across the treat-
ments in 2009 may better reflect its affinity for
taller herbaceous vegetation and greater grass
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TABLE 3. Mean avian relative abundance, species richness, and species diversity across 2 prescribed burn treatments
(fire every 2 or 4 years) and unburned controls at the Cross Bar Cooperative Management Area, located near Amarillo,
Texas, 2008–2009. Standard errors are in parentheses.

Treatmenta
___________________________________________________________________________________________

2 4 Control F P

Abundanceb

Northern Bobwhite 0.10 (0.03)   a 0.15 (0.05)   a 0.22 (0.04)   b 3.44 0.06
Mourning Dove 0.07 (0.03) 0.10 (0.05) 0.12 (0.03) 0.31 0.74
Cactus Wren 0.10 (0.01) 0.09 (0.02) 0.16 (0.06) 1.16 0.31
Northern Mockingbird 0.42 (0.03) 0.40 (0.05) 0.50 (0.04) 0.87 0.44
Curve-billed Thrasher 0.12 (0.03) 0.06 (0.03) 0.05 (0.03) 1.52 0.25
Cassin’s Sparrow

2008 0.43 (0.03) 0.43 (0.11) 0.63 (0.04) 0.88 0.13
2009 0.20 (0.11)   a 0.60 (0.06)   b 0.64 (0.04)   b 9.42 0.01

Lark Sparrow 0.42 (0.08) 0.47 (0.04) 0.39 (0.04) 0.59 0.57
Western Meadowlark 0.15 (0.07) 0.26 (0.06) 0.24 (0.10) 0.54 0.60
Brown-headed Cowbird 0.03 (0.03)   a 0.12 (0.05)   ab 0.18 (0.04)   b 3.36 0.06

Species richness 5.86 (0.34) 6.14 (0.25) 6.53 (0.43) 0.91 0.42
Species diversity 1.55 (0.07) 1.59 (0.05) 1.68 (0.09) 0.89 0.43
aSignificantly different means are indicated with different letters when P < 0.10 across the treatments. 
bdf for all avian response variables but NOBO and CASP = 2, 15; df NOBO = 2, 14; df CASP = 2, 12.



coverage for nesting and the male’s use of
high perches for aerial territorial displays
(Dunning et al. 1999). Northern Bobwhite
abundance was also highest in unburned con-
trols (Table 3). This pattern likely reflects the
greater protective cover (Renwald et al. 1978,
Carter et al. 2002, Ransom et al. 2008) and for-
aging opportunities (Jackson 1969) provided
by large shrubs found in our unburned control
plots, or as with Cassin’s Sparrow, greater
grass coverage for nesting cover. Thus, some
degree of fire suppression might be beneficial
for these grassland bird species—at least in
terms of abundance—until woody encroach-
ment entirely displaces herbaceous habitat.

Brown-headed Cowbirds are often associ-
ated with wooded plant communities over
herbaceous communities (Lowther 1993,
Robinson et al. 1999), and the mean relative
abundance of cowbirds at our study site was
highest on plots with no recent fire history.
However, given similarities in shrub density
in plots burned every 2 years and unburned
controls (Table 2), we cannot directly attribute
patterns of Brown-headed Cowbird abun-
dance at the CCMA to shrub density or fire
frequency. The pattern of cowbird abundance
was also inconsistent with that of cowbird
nest parasitism across the treatments (Long
2010), as most Lark Sparrow nests parasitized
by Brown-headed Cowbirds at our study site
were concentrated on a single plot with graz-
ing livestock in a neighboring pasture that
typified cowbird foraging habitat (Goguen
and Mathews 2000). As such, the mechanisms
driving patterns of cowbird abundance at our
study site remain unclear.

Repeated application of fire at 2- and 4-
year intervals had little effect on shrub density
at our study site, and we detected limited varia-
tion in avian responses across the treatments,
though our study covered only 7 years since
the reintroduction of fire to a previously fire-
suppressed landscape. If continued application
of prescribed fire at regular intervals reduces
overall mesquite and cholla density and cre-
ates or maintains open grassland conditions at
the CCMA, we expect future studies to find
differences in bird abundances, species rich-
ness, and species diversity across the burn
treatments and unburned controls, as well as
increases in grassland bird abundance in more-
frequently burned plots. However, grassland
restoration at our study site and other severely

shrub-encroached semiarid grasslands of the
southwest may not be possible without the use
of (1) prescribed burns under conditions that
increase fire intensity (e.g., high fuel loads,
drought), (2) chemical or mechanical shrub
removal, or (3) a combination of these tech-
niques. Such land management practices are
difficult to implement on sufficient spatial and
temporal scales and may be socially resisted
(Wright and Bailey 1982, Brockway et al. 2002,
Yoder et al. 2003), but these practices likely
provide the only opportunities to re verse cur-
rent grassland bird abundance trends in this
region. Managers and scientists should coordi-
nate to design more grassland res toration
efforts that allow for experimental research
on vegetation and wildlife responses to shrub
removal techniques, especially in the south-
western United States, where information
necessary to guide land management is limited.
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