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Abstract: Grass management has been used for many years at airports in an attempt to
reduce numbers of birds and other wildlife and the collisions with aircraft associated with
them. We evaluated the impacts of grassland alteration by mowing and fire on the abundance,
diversity, and frequency of birds using 1 control and 2 experimental grass plots from 2009 to
2010 on a U.S. Army airfield in Colorado located in short-grass prairie. Density of breeding
birds was highest in the mowed plot. Numbers of birds observed in 34 surveys conducted
during the non-breeding season in the burned (X = 41) and mowed (X = 24) plots were greater
than in an unmanaged control (X = 7) plot. Bird species diversity in the nonbreeding season
was greatest in the control plot. Horned larks (Eremophila alpestris) was the most frequently
observed bird species and occurred in high numbers on the burned and mowed plots, possibly
because of its preference for short vegetation and bare ground. This species is recognized
as hazardous to aircraft in part because of its habit of forming large flocks in the nonbreeding
season. All 3 study plots were dominated by grasses and forbs, with minimal shrub and cactus
cover. Litter cover was greatest on the control plot, while the burned plot had the greatest
coverage of bare ground. Results from this study are limited because the small size of the
airfield precluded placement of multiple treatment plots. Additional study in larger airfields with
multiple treatment plots would be required before management recommendations regarding
the use of fire and mowing can be made for airfields in areas with short-grass prairie.
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CoLLISIONS BETWEEN BIRDS and aircraft (i.e.,
bird strikes) have occurred since the beginning
of aviation and have resulted in human injury

are reported (Dolbeer et al. 2009, Eberly 2009),
damage calculations may be underestimated.
Public awareness concerning the potential

and death, physical damage to aircraft, and
airline delays (Blokpoel 1976, Cleary and
Dolbeer 2005, Dolbeer et al. 2009). According
to the U.S. Federal Aviation Administration
(FAA), the average annual cost of bird and other
wildlife strikes in the United States to the civil
aviation industry is estimated at $123 million.
Birds were involved in >95% of these reported
strikes with civilian aircraft (Dolbeer et al.
2009). The U.S. Department of Defense Partners
in Flight program reported that the average cost
of bird and other wildlife strikes to U.S. Navy
and U.S. Air Force aircraft exceeded $33 million
per year (Eberly 2009). However, because it is
estimated that only 20% of actual wildlife strikes

hazards of birds to aircraft was markedly raised
in January 2009 after a commercial jetliner
safely crash-landed in the Hudson River after a
collision with Canada geese (Branta canadensis;
Caudell 2009, Dolbeer 2009).

Many efforts by airfield managers to reduce
bird strikes focus on the airfield environment,
because most strikes occur at or near airfields,
primarily during takeoff and landing (Cleary
and Dolbeer 2005, Dolbeer et al. 2009). Several
studies in Europe (e.g., Mead and Carter 1973,
Brough and Bridgman 1980, Morgenroth 2004)
found that tall vegetation reduced the number
of birds at airfields. It is believed that tall
vegetation reduces numbers of birds by making
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it difficult for them to forage for invertebrates
in the soil, inhibiting their ability to detect
predators, and hindering their ability to obtain
the wing beats necessary for lift off (Brough
and Bridgman 1980, MacKinnon et al. 2001).
Airfields used in tall-grass studies conducted
in the United Kingdom received applications
of fertilizers and were subject to grass cutting
and thatch removal (Brough and Bridgman
1980, Civil Aviation Authority 2008). Results
of studies examining relations between grass
height and bird occurrence and abundance at
airfields conducted in the United States have
not been conclusive or consistent (Buckley and
McCarthy 1994, Barras et al. 2000, Barras and
Seamans 2002, Seamans et al. 2007). Airfields
used in these studies were not managed beyond
grass height and contained many bird species
not found in Europe. The European and North
American studies have taken place in areas
with normally abundant precipitation, such
as the United Kingdom and the eastern and
central United States. Research is lacking in arid
and semi-arid areas of western North America
where grasses are shorter and precipitation is
typically sparse for much of the year.

Historically, fire was an important component
of grassland ecosystems in the United States.
Fire restructures the vegetation community by
stimulating growth of grasses, preventing grass
monocultures, reducing the invasion of woody
plants, and reducing ground litter (Mutel
and Emerick 1992, Knopf and Samson 1997).
Controlled burning has been used by humans
as a management tool for reducing fuel loads,
improving habitat and forage for wildlife and
livestock, increasing biodiversity, reducing
invasive plant species, and reestablishing
normal cycles of disturbance (Duncan 2003,
DiTomaso et al. 2006). Most research on the
effects of fire on bird abundance in grassland
environments has been conducted in mixed-
grass (Johnson 1997, Hands 2007, Grant et al.
2010) and tall-grass prairie habitats (Heckert
1994, Robel et al. 1998, Walk and Warner 2000,
Swengel and Swengel 2001). The role of fire in
short-grass prairie is poorly understood (Knopf
and Samson 1997), and little is known about the
overall effects of fire on bird abundances in this
habitat.

In this study, we evaluate the impacts of
grassland alteration from mowing and fire
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on birds at a U.S. Army airfield in Colorado.
The objectives of the study are to: (1) compare
abundance, diversity, and frequency of detection
of birds in 1 control and 2 experimental grass
plots; and (2) identify bird species observed
on the plots that may be hazardous to aircraft.
Findings from the study can be used in the
Wildlife Hazard Management Plan for the U.S.
Army airfield and may be useful to researchers
and airfield managers working in similar
habitats.

Methods

The study was conducted at the 260-ha Butts
Army Airfield (BAAF) on the Fort Carson
Military Reservation (FCMR), southwest of
Colorado Springs in El Paso County, Colorado
(latitude 38° 40’ 44” N, longitude 104° 45’ 43” W,
elevation 1,779 m). The climate is semi-arid, with
precipitation occurring primarily in spring and
summer (Mutel and Emerick 1992). The airfield
received 38 cm of precipitation in 2009 and 33
cm in 2010 (B. Batty, Detachment 1/3* Weather
Squadron, FCMR, personal communication).
The airfield is a fenced perimeter of maintained
grasslands and improved areas of pavement,
runways, taxiways, aircraft parking pads,
hangars, and other buildings. BAAF grasslands
are routinely mowed during the growing
season to maintain heights of 15 to 30 cm in
accordance with Army regulations. The airfield
was mowed 3 times in 2009 at irregular intervals
dictated by vegetation growth (S. LaCoursiere,
BAAF, FCMR, personal communication) and
approximately once a month in 2010, starting
in May, with a final mowing date of October
1 (M. Hurst, Department of Public Works,
FCMR, personal communication). Some of the
grassy areas on the north and east sections
of the airfield are inhabited by black-tailed
prairie dogs (Cynomys ludovicianus), which are
controlled periodically to mitigate possible
collisions with moving runway aircraft and
to decrease strike-hazard risks attributable to
predators, such as coyotes and raptors.

Three study plots were established in spring
2009. One experimental plot (mowed plot)
was established in the northwest portion of
the airfield and was maintained by mowing.
A second experimental plot (burned plot) was
established in the southeast portion of the
airfield, whichhad been burned in a wildfire that
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occurred on March 3, 2009. This study
plot was also mowed as scheduled by
BAAF managers. A third unmowed
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Table 1. Number of pairs of breeding birds per study plot
determined from spot-mapping surveys conducted at Butts
Army Airfield, Fort Carson, Colorado, during the period
April 6 to June 27, 2010.

study plot that was not recently burned Species Burned Mowed  Control
was established as a control. This plot Horned lark 35 6.8 0
was located 2 km east of BAAF in an (Eremophila alpestris)

area near the FCMR border where Lark sparrow 0 0 0-1
training does not occur. The study (Chondestes grammacus)

plot had minimal disturbance and Vesper sparrow 0 1 225
represented a more natural grassland  (Pooecetes gramineus)

area similar to what likely existed on Western meadowlark 15 15 2
BAAF before airfield development. (Sturnella neglecta)

The dominant vegetation on the Total 5 8.5-10.5 4.5-6

mowed plot was western wheatgrass
(Pascopyrum smithii) and blue grama
(Bouteloua  gracilis). The dominant
vegetation on the burned and control plots
was soapweed yucca (Yucca glauca) and blue
grama (C. Polzin, Directorate of Environmental
Compliance and Management, Fort Carson,
Colo., unpublished report). Soils underlying all
3 study plots are loams. Each study plot was 8
ha (200 m x 400 m) and was delineated using
plastic marking flags placed at 50-m intervals
along 9 transect lines running parallel to the
shorter side of the study plot (5 flags per transect
line). Study plots were located a minimum of
15 m from any airfield fence boundary and
100 m from any runway. A series of electrical
towers with high-tension wires ran diagonally
east of the control plot boundary. The closest
tower was 25 m from the nearest marking flag.

Bird surveys

Spot-mapping (territory mapping) surveys
(Robbins 1970, Bibby et al. 2000) were
conducted to estimate breeding bird density
by counting the number of breeding pairs per
study plot. During the breeding season, many
birds delineate or define their territories with
conspicuous activity, such as singing, defending
territories fromrivals, and performing courtship
displays. Breeding activities were recorded
for each species and mapped to show distinct
breeding territories per pair in each study plot.
Each spot-mapping survey was conducted by
1 observer and began no later than 30 minutes
after sunrise. The observer started at one of the
4 study plot corners, which was alternated each
time a study plot was surveyed, and walked
slowly between transect lines to traverse the
entire study plot and cause minimal disturbance

to breeding birds. Nine spot-mapping surveys
were conducted in each plot from April 6 to
June 27, 2010.

Modified  area-search  surveys  were
conducted weekly from September 4, 2009, to
April 25, 2010, for a total of 34 surveys. Birds
are not as vocal during the nonbreeding season,
and their behavior patterns may make them
inconspicuous. Modified area-search surveys
consist of a combination of line transects and
flush counts to record all birds present on each
study plot (Ralph et al. 1993, Perkins et al.
2000, Roberts and Schnell 2005). Survey times
were varied throughout the survey period, but
all 3 study plots were surveyed in the same
time category each week (e.g., early morning
and late afternoon). One observer conducted
each survey, walking in a zigzag pattern along
and between transect lines, making 17 passes
(spaced ~25 m apart) per study plot. The
observer stopped at least twice during each
pass to listen and visually search for birds or
bird activity (e.g., a sparrow foraging in grass).
This method was employed to survey the
study plot thoroughly and to flush any birds
that may have been hidden in vegetation. Each
bird detected on a study plot or using the air
space above was recorded. Birds used the study
plots for foraging, concealment, perching,
or resting. Raptors soaring over or hovering
above a study plot were recorded. Raptors and
other birds flying over a study plot in a point-
to-point manner were not recorded. Care was
taken to not double count birds. If a single
bird or a flock was flushed, the observer noted
where it landed so it would not be counted
again. We did not survey for the presence of
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Table 2. Mean number of birds observed per study plot by season
determined from modified area-search surveys conducted at Butts
Army Airfield, Fort Carson, Colorado, during the period September 4,
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was recorded. Stems were
counted and classified into 4

2009; to April 25, 2010. height classes. The numbers

Fall Winter Sorin of stems in each class were

pring summed and divided by

Plot % SE % SE X SE  the total number of stems

in the Daubenmire frame to

Burned 43.9 8.5 51.5 19.8 19.9 7.6 yield a percentage estimate
Mowed 349 50 93 39 275 88 for each stem height class.

Control 132 35 36 1.0 28 0.9 Analysis

The small size of BAAF

nocturnal owl species for this study because
of limited resources and the difficulty in
making night observations and identifications.

Vegetation surveys

Vegetation surveys were conducted July 24 to
August 16, 2009. Data on aerial cover, canopy
cover, plant species, and height were collected
(Daubenmire 1959, Wiens and Rotenberry 1981,
Martin et al. 1997, Coulloudon et al. 1999). A 20-
cn by 50-cm Daubenmire frame was placed
on the ground at 5-m intervals along each
transect line. Ten samples were taken between
flags and combined or averaged to produce a
single value for each variable associated with
each 50-m section of transect line for a total
of 36 survey points per study plot. Cover
data were collected using modified Breeding
Biology Research and Monitoring Database
program protocol methods (Martin et al. 1997)
for ground cover classes, while a modified
Daubenmire method was used for individual
plant species (Daubenmire 1959). Estimates of
aerial vegetation cover were made by standing
above the Daubenmire frame and examining
the vegetation within the frame. Estimated
percentages of green vegetation, litter, bare
ground, and rock were recorded. Separate
estimates of percentage of cover for grasses,
forbs, shrubs, and cacti were made and recorded
as canopy cover. Each plant species that was
detected at a sample point was recorded using
the scientificname listed in the U.S. Department
of Agriculture, Natural Resource Conservation
Service’s on-line PLANTS database (U.S.
Department of Agriculture 2011). A modified
Wiens pole (90-cm wooden ruler) was placed in
the Daubenmire frame to determine vegetation
height (Wiens and Rotenberry 1981). The height
of the tallest item of live or dead vegetation

and the burn area precluded the establishment
of multiple experimental plots. Because of
insufficient plot replication, statistical analyses
were not performed on the bird count and
vegetation data. We provide summary statistics
and graphs to show data distributions for bird-
count data from modified area-search surveys
and samples of vegetation data acquired
throughout each plot. Summary statistics were
calculated using IBM SPSS statistics software
(Release 19.0.0.1, 2010). We used the effective
number of species as a diversity measure. The
effective number of species is a true diversity
measure that can be calculated from other
diversity indices (e.g., Gini-Simpson index,
Shannon-Wiener index) and provides more
intuitive values for interpretation than these
indices (Jost 2006). For birds and plants, we
calculated the effective number of species from
Shannon-Wiener index values (Shannon and
Wiener 1963) as exp ( - Yp, In p, ), where In is
the natural logarithm, and p, is the proportion
of the ith species.

Results
Birds

The highest breeding bird density was
observed on the mowed plot (Table 1). Species
richness was higher on the control plot (4
species) than the mowed plot (3) and the
burned plot (2). The data shown represent pairs
of breeding birds.

The mean number of birds observed during
modified area-search surveys was calculated by
season for each of the study plots (Table 2). The
highest mean number of birds in fall and winter
was found in the burned plot. The mowed plot
had the highest mean number of birds in the
spring. The lowest mean number of birds was
found in the control plot for all seasons. The
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Table 3. Number of birds observed per study plot from modified area-search surveys
conducted at Butts Army Airfield, Fort Carson, Colorado, during the period Septem-
ber 4, 2009, to April 25, 2010.

Burned Mowed

Common name Scientific name plot plot Control
Cassin's sparrow Peucaea cassinii 0 0 0.5
Scaled quail Callipepla squamata 0 0 22
Northern harrier Circus cyaneus 3 4 2
Red-tailed hawk Buteo jamaicensis 1 2 4
Ferruginous hawk Buteo regalis 1 0 0
American kestrel Falco sparverius 11 2 1
Merlin Falco columbarius 0 2 0
Prairie falcon Falco mexicanus 1 0 0
Wilson’s snipe Gallinago delicata 0 1 0
Mourning dove Zenaida macroura 28 4 0
Burrowing owl Athene cunicularia 0 1 0
Say’s phoebe Sayornis saya 0 0 3
Western kingbird Tyrannis verticalis 0 0 2
American crow Corvus brachyrhynchos 1 0 0
Common raven Corvus corax 8 6 0
Horned lark Eremophila alpestris 1,044 681 0
Cliff swallow Petrochelidon pyrrhonata 1 0 0
Barn swallow Hirundo rustica 8 8 0
Mountain bluebird Sialia currucoides 133 27 42
American robin Turdus migratorius 0 0 1
European starling Sturnus vulgaris 10 0 0
American pipit Anthus rubescens 69 29 0
Yellow-rumped warbler Setophaga coronata 0 0 1
Lapland longspur Calcarius lapponicus 4 0 0
Chestnut-collared longspur ~ Calcarius ornatus 7 6 1
American tree sparrow Spizella arborea 0 0 64
Chipping sparrow Spizella passerina 0 0 12
Clay-colored sparrow Spizella pallida 0 0 2
Brewer’s sparrow Spizella breweri 0 0 6
Undifferentiated sparrows Spizella spp. 2 7 13
\Vesper sparrow Pooecetes gramineus 28 13 16
Lark sparrow Chondestes grammacus 1 0 0
Lark bunting Calamospiza melanocorys 4 0 0
Savannah sparrow Passerculus sandwichensis 0 0 4
Song sparrow Melospiza melodia 0 0 4
White-crowned sparrow Zonotrichia leocophrys 0 0 1
Undifferentiated sparrow 1 7 10
Western meadowlark Sturnella neglecta 13 18 27
House finch Carpodacus mexicanus 0 0 2
American goldfinch Spinis tristis 18 0 0
Undifferentiated small bird 2 3 0
Total 1,399 821 240
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Figure 1. Frequency of detection of bird species observed by study plot (a = burned, b = mowed, ¢ = con-
trol) from modified area search surveys conducted at Butts Army Airfield, Fort Carson, Colorado, during the
period September 4, 2009, to April 25, 2010. Species shown were observed on >10% of surveys. (Figure 1

continued on next page.)

horned lark (Eremophila alpestris) was observed
on 91% of surveys on the burned plot and 94%
of those on the mowed plot (Figure 1) and was
observed in the greatest numbers among all
species (Table 3). Among raptors, the American
kestrel (Falco sparverius) was observed with
the highest frequency (24% of surveys on the
burned plot), followed by the northern harrier
(Circus cyaneus; 12% of surveys on the mowed

plot) and the red-tailed hawk (Buteo jamaicensis;
12% of surveys on the control plot). We observed
24 species in the burned plot, 18 species in the
mowed plot, and 22 species in the control plot.
The effective number of species calculated was
3.03 for the burned plot, 2.39 for the mowed
plot, and 10.7 for the control plot. Overall, the
number of bird species observed on the burned
and mowed plots was more similar with 15
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Figure 1 (Continued from previous page.)

shared species of the 42 species observed (36%
similarity), while the control plot shared fewer
bird species with the experimental plots. Control
and burned plots shared 9 of 46 bird species
(20% similarity), and control and mowed plots
shared 9 of 40 bird species (23% similarity).
Zakrajsek and Bissonette (2005) developed a

Table 4. Number of hazardous birds observed per study plot
from modified area-search surveys conducted at Butts Army
Airfield, Fort Carson, Colorado, during the period September 4,

hazard ranking system for individual species or
species groups (22 total) that were reported to
have caused damage to U.S. Air Force aircraft in
the United States. We classified birds observed
during modified area-search surveys into these
groups (Table 4). The horned lark species group
had the greatest number of bird observations
in both the burned and mowed
plots. On the burned plot, 1,124
individuals in the horned lark

2009, to April 25, 2010. group were observed, consisting
Species Hazard Rank*® Burned Mowed Control of horned larks and smaller
group® index® numbers of American pipits
Blackbird- 46 4 10 0 0 (Anthus  rubescens), chestnut-
starling collared longspurs (Calcarius
Buteo (hawk)? 30 5 5 6 6 ornatus), and Lapland longspurs
Horned larke 5 6 1,124 716 1 (C.lapponicus), whichwe classified

with horned larks. On the mowed
Swallow! 2 7 ° 8 0 plot, 716 individuals in the
Total 1,148 730 7

horned lark group were observed

aSpecies group, hazard index, and rank developed from military air-
craft strike records by Zakrajsek and Bissonette (2005).

Only birds occurring in one of the top ten hazardous groups are
shown. Hazard indices for species groups ranking greater than 10 were

<2.
cComprised of European starling.

dComprised of northern harrier, red-tailed hawk, and ferruginous

hawk.

eComprised of horned lark, American pipit, Lapland longspur, and

chestnut-collared longspur.

with a similar distribution among
constituent species. Other birds
observed were distributed in
smaller numbers across the
blackbird-starling, Buteo, and
swallow species groups. The
fewest hazardous birds were
detected on the control plot with
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number of birds in the very
low category on that plot.

Vegetation

All 3 study plots were
dominated by grasses and
forbs, with minimal shrub
and cactus cover (Figure
2). Over 85% of vegetation
in all plots was <20 cm in
height. The number of plant
species (55) was highest in
the burned plot, with 38
species identified on the
mowed plot and 46 species
identified on the control
plot. The effective number
of species calculated was

Cactus

Figure 2. Mean percentages for (a) aerial cover types, (b) canopy cover
types, and (c) vegetation height per study plot from vegetation surveys
conducted at Butts Army Airfield, Fort Carson, Colorado, during the period

13.6 for the burned plot,
18.4 for the mowed plot, and
13.1 for the control plot.

July 24 to August 16, 2009. (Figure 2 continued on next page.)

6 individuals from the Buteo species group and
1 individual (chestnut-collared longspur) from
the horned lark species group.

Birds were also classified into hazard
categories developed from bird-strike records
for civilian aircraft (Dolbeer and Wright 2009).
The number of hazardous species and individual
birds showed similar trends in all 3 study plots,
with few in the high hazard category and the
most in the low and very low hazard categories

Discussion

The majority of bird species and individual
birds detected on all 3 study plots was ranked
low to moderate, using hazard categories
previously developed from bird-strike records
for civilian aircraft. The number of hazardous
individuals observed was lowest in the control
plot, with most species on the plot classified as a
very low hazard to aircraft. Species observed on
the study plots ranked higher within hazardous
bird groups developed from military bird-strike
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only 15 individuals were
observed flying over this
plot in the nonbreeding
season.

Because of its relatively small size, the
discrepancy in hazard rankings for horned lark
between military and civilian airfields may be
the result of differences in airport operations
and underreporting of collisions between
aircraft and this species at civilian airfields
(Zakrajsek and Bissonette 2005). The horned
lark was the most frequently struck of species
assessed by the U.S. Air Force (<www.afsc.
af.mil> March 25, 2011, unpublished data), and
is the most abundant bird species in Colorado
(Ryder 1998). BAAF had no documented
bird strike or other wildlife strikes, but strike
records from 3 Colorado airports <80 km
from BAAF (i.e, Colorado Springs Municipal
Airport, Pueblo Memorial Airport, and the U.S.
Air Force Academy) showed that the horned
lark was the most frequently struck species at
each facility (Darrow 2009; Federal Aviation
Administration 2010; D. Bell, U.S. Air Force
Academy, personal communication). Damage
costs from strikes with horned larks at these
airports were minimal or not reported.

During the nonbreeding season, horned
larks form large, nomadic flocks that move
in search of food, primarily forb and grass
seeds. Horned larks and associated species
often foraged in prairie dog colonies on and
adjacent to the airfield where grass was shorter

Figure 2 (Continued from previous page).

and more bare ground was present than in
the surrounding grasslands. Barren areas are
particularly important for foraging when snow
cover is present. Flock size of horned larks and
associated species can reach several hundred
birds in snow-free areas (Beason 1995); large

Table 5. Number of hazardous birds observed
per study dplot from modified area-search surveys
conducted at Butts Army Airfield, Fort Carson,
Colorado, during the period September 4, 2009,
to April 25, 2010.

Hazard Burned Mowed Control
category?®

High 10 8 4
Moderate* 173 31 43
Low* 1,144 740 30
Very low* 54 42 138
Total 1,381 821 215

*Hazard categories developed from civilian air-
craft strike records by Dolbeer and Wright (2009).
*Comprised of red-tailed hawk, American crow,
common raven.

“Comprised of ferruginous hawk, prairie falcon,
mourning dove, mountain bluebird, American
robin, European starling.

dComprised of northern harrier, Wilson’s snipe,
burrowing owl, horned lark, American pipit,
Lapland longspur, chestnut-collared longspur,
larllz bunting, western meadowlark.

¢Comprised of American kestrel, merlin, Say’s
phoebe, western kingbird, swallows, sparrows,
undifferentiated small birds.
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flocks of horned larks (<150 birds) were
observed foraging on bare ground patches in
the burned plot when snow cover was present,
as well as on and at the edges of runways.
Horned larks and associated species were also
observed foraging singly or in small flocks (<15
birds) on runways and other paved areas at
BAAF in search of insects that were attracted to
paved areas during warm days.

In addition to flocking, horned larks may
pose other potential threats to aircraft. Horned
larks attract raptors that prey on small birds.
During a modified area-search survey, an
airborne merlin (Falco columbarius) dove toward
the ground and pursued a horned lark around
the mowed plot. Male horned larks are known
to perform elaborate aerial flight songs, singing
while ascending in a circular pattern as high as
250 m above ground level (AGL), then diving
rapidly back to the ground. These flight songs
can last as little as 28 seconds or as long as 8
minutes (Beason and Franks 1974). During
spot-mapping surveys, male horned larks were
observed performing aerial flight songs greater
than 100 m AGL.

Greater areas of bare ground in the burned
and mowed plots may have deterred breeding
by some grassland bird species that prefer
vegetation cover for nest concealment and
protection but attracted large flocks of horned
larks, especially during snowy conditions.
Taller vegetation may deter the presence of
horned larks and associated species in areas
where they occur. The ability to attain higher
target vegetation heights may vary from year
to year, however, because of natural variation
in precipitation. Vegetation may be shorter
than a targeted range if precipitation is low.
Maintaining stands of tall grass is difficult, and
the cost may be high for many airports in semi-
arid and arid regions because of varying soil
conditions and the requirements for application
of irrigation and fertilizers (MacKinnon et al.
2001, Cleary and Dolbeer 2005). Additionally,
vegetation height is a single factor that may not
adequately explain the presence or absence of
birds using grassland habitats (Seamans et al.
2007). Vegetation density and other factors may
influence bird usage in short-grass prairie and
other grassland habitats. Mowing forbs and
grasses before seeds form may deter flocking
birds and reduce potential strike hazards. The
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mower height should be optimized to cut seed
heads but not significantly reduce vegetation
height if one is managing for taller grass. This
objective may be difficult to achieve, because
timing of seed production and height of seed
heads varies by plant species and perhaps
in response to precipitation. Alternatively,
herbicides could be applied to reduce or
eliminate undesirable species in favor of those
producing minimal seeds.

Results from this limited study showed
that single plots managed by mowing and a
combination of burning and mowing contained
greater numbers of birds (particularly horned
larks) than an unmanaged plot. Further study
in a larger airfield with multiple treatments and
control plots would be necessary to determine if
burning or mowing cause increases (or perhaps
decreases) in hazardous bird numbers in areas
with native short-grass prairie. Monitoring
programs should be established to detect
changes in numbers and species of birds and
other wildlife over time whenever an airfield
vegetation management strategy is altered
(Deacon and Rochard 2000, MacKinnon et al.
2001, Barras and Seamans 2002, Cleary and
Dolbeer 2005). Itis crucial to know which species
pose the greatest bird-strike risk so that changes
in habitat management do not inadvertently
create a more attractive environment for high-
risk species that were previously absent or
present at low abundance.

Acknowledgments

We appreciate the cooperation of BAAF
Airfield Manager S. LaCoursiere for assistance
throughout the study. A. Estep, K. Lewantowicz,
and E. Parks assisted with bird surveys, and T.
Kelso of Colorado College assisted with plant
identification. We thank D. Carragher for field
assistance with vegetation and bird surveys.

Literature cited

Barras, S. C., R. A. Dolbeer, R. B. Chipman, G. E.
Bernhardt, and M. S. Carrara. 2000.Bird and
small mammal use of mowed and unmowed
vegetation at John F. Kennedy International
Airport, 1998 to 1999. Proceedings of the Ver-
tebrate Pest Conference 19:31-36.

Barras, S. C., and T. W. Seamans. 2002. Habitat
management approaches for reducing wildlife
use of airfields. Proceedings of the Vertebrate
Pest Conference 20:309-315.



308

Beason, R. C. 1995. Horned Lark (Eremophila alp-
estris) in A. Poole, editor. Birds of North Amer-
ica online, Cornell Lab of Ornithology, Ithaca,
New York, USA, <http://bna.birds.cornell.
edu/bnal/species/195/articles/introduction>.
Accessed July 16, 2012.

Beason, R. C., and E. C. Franks. 1974. Breed-
ing behavior of the horned Ilark. Auk
91:65-74.

Bibby, C., N. Burgess, D. Hill, and S. Mustoe.
2000. Bird census technigues. Academic, Lon-
don, United Kingdom.

Blokpoel, H. 1976. Bird hazards to aircraft. Books
Canada, Buffalo, New York, USA.

Brough, T., and C. Bridgman. 1980. An evaluation
of long grass as a bird deterrent on British air-
fields. Journal of Applied Ecology 17:243-253.

Buckley, P. A., and M. G. McCarthy. 1994. Insects,
vegetation, and the control of laughing gulls
(Larus atricilla) at Kennedy International Air-
port, New York City. Journal of Applied Ecology
31:291-302.

Caudell, J. N. 2009. In the news. Human-Wildlife
Conflicts 3:159-160.

Civil Aviation Authority. 2008. Birdstrike risk man-
agement for aerodromes. CAP 772. Aero-
drome Standards Department, Safety Regula-
tion Group, Gatwick Airport South, West Sus-
sex, United Kingdom.

Cleary, E. C.,and R. A. Dolbeer. 2005. Wildlife haz-
ard managementatairports: amanual for airport
personnel. U.S. Department of Transportation,
Federal Aviation Administration, Office of Air-
port Safety and Standards,Washington, D.C.,
USA, <http://digitalcommons.unl.edu/cgi/view-
content.cgi?article=1127&context=icwdm_
usdanwrcé&sei-redir=1#search=%22Wildlife
%20hazard%20management%20
airports%2C%22>. Accessed July 12, 2012.

Coulloudon, B., K. Eshelman, J. Gianola, N.
Habich, L. Hughes, C. Johnson, M. Pellant,
P. Podborny, A. Rasmussen, B. Robles, P.
Shaver, J. Spehar, and J. Willoughby. 1999.
Sampling vegetation attributes. U.S. Bureau of
Land Management, Interagency Technical Ref-
erence 1734-4. Denver, Colorado, USA.

Darrow, D. 2009. Bird strikes rare at Pueblo air-
port. Pueblo Chieftain. April 25, 2009; section
C:1 and 3. Pueblo, Colorado, USA.

Daubenmire, R. F. 1959. Canopy coverage meth-
od of vegetation analysis. Northwest Science
33:43-64.

Human-Wildlife Interactions 6(2)

Deacon, N. and B. Rochard. 2000. Fifty years of
airfield grass management in the UK. Interna-
tional Bird Strike Committee IBSC25/WP-AL.
17-21 April 2000. Amsterdam, Netherlands.

DiTomaso, J. M., M. L. Boorks, E. B. Allen, R. Min-
nich, P. M. Rice, and G. B. Kyser. 2006. Con-
trol of invasive weeds with prescribed burning.
Weed Technology 20:535-548.

Dolbeer, R. A. 2009. Birds and aircraft—fighting
for airspace in ever more crowded skies. Hu-
man-Wildlife Conflicts 3:165-166.

Dolbeer, R. A., and S. E. Wright. 2009. Safety
management systems: how useful will the FAA
National Wildlife Strike Database be? Human—
Wildlife Conflicts 3:167-178.

Dolbeer, R. A., S. E. Wright, J. Weller, and M. J.
Begier. 2009. Wildlife strikes to civil aircraft in
the United States 1990-2008. U.S. Department
of Transportation, Federal Aviation Administra-
tion, National Wildlife Strike Database Serial
Report Number 15, Office of Airport Safety and
Standards, Airport Safety and Certification,
Washington D.C., USA, <http://wildlife-mitiga-
tion.tc.faa.gov/ wildlife/downloads/BASH90-09.
pdf>. Accessed July 12, 2012.

Duncan, K. W. 2003. Consideration for prescribed
burning, Circular 522. Cooperative Extension
Service, College of Agriculture and Home Eco-
nomics, New Mexico State University, Las Cru-
ces, New Mexico, USA.

Eberly, C. 2009. DoD partners in flight programs,
bird conservation programs in the military.
DoD Partners in Flight, <http://www.dodpif.org/
downloads/factsheetO0_DoDPIF-Programs.
pdf>. Accessed July 12, 2012.

Federal Aviation Administration. 2010. FAA wildlife
strike database, Federal Aviation Administra-
tion, Washington, D.C., USA, <http://wildlife-
mitigation.tc.faa.gov/wildlife/default.aspx>. Ac-
cessed July 12, 2012.

Grant, T. A., E. M. Madden, T. L. Shaffer, and J.
S. Dockens. 2010. Effects of prescribed fire
on vegetation and passerine birds in northern
mixed-grass prairie. Journal of Wildlife Man-
agement 74:1841-1851.

Hands, H. M. 2007. Effect of controlled fire fre-
guency on grassland bird abundance during
the breeding season at Cheyenne bottoms
wildlife area, Kansas. Transactions of the Kan-
sas Academy of Science 110:201-212.

Heckert, J. R. 1994. Breeding bird communities
of midwestern prairie fragments: the effects of



Grassland alteration « Carragher et al.

prescribed burning and habitat-area. Natural
Areas Journal 14:128-135.

Johnson, D. H. 1997. Effects of fire on bird popula-
tions in mixed-grass prairie. Pages 181-206 in
F. L. Knopf and F. B. Samson, editors. Ecology
and conservation of Great Plains vertebrates.
Springer-Verlag, New York, New York, USA.

Jost, L. 2006. Entropy and diversity. Oikos
113:363-375.

Knopf, F. L., and F. B. Samson. 1997. Conservation
of grassland vertebrates. Pages 273-290 in F.
L. Knopf and F. B. Samson, editors. Ecology
and conservation of great plains vertebrates.
Ecological Studies, no. 25. Springer-Verlag,
New York, New York, USA.

MacKinnon, B., R. Snowden, and S. Dudley,
editors. 2001. Sharing the skies: an aviation
guide to the management of wildlife hazards
(TP13549). Transport Canada, Ottawa, On-
tario, Canada, <http://www.tc.gc.ca/eng/civila-
viation/publications/tp13549-menu-2163.htm>.
Accessed July 12, 2012.

Martin, T. E., C. R. Paine, C. J. Conway, W. M.
Hochachka, P. Allen, and W. Jenkins. 1997.
BBIRD Field Protocol. Montana Cooperative
Wildlife Research Unit, University of Montana,
Missoula, Montana, USA.

Mead, H., and A. W. Carter. 1973. The manage-
ment of long grass as a bird repellent on air-
fields. Journal of the British Grassland Society
28:219-221.

Morgenroth, C. 2004. Bird deterrence at airports
by means of long grass management—a stra-
tegic mistake? Bird and Aviation 24:1-3.

Mutel, C. F., and J. C. Emerick. 1992. From grass-
land to glacier. Johnson Books, Boulder, Colo-
rado, USA.

Perkins, A. J., M. J. Whittingham, R. B. Bradbury,
J. D. Wilson, A. J. Morris, and P. R. Barnett.
2000. Habitat characteristics affecting use of
lowland agricultural grassland by birds in win-
ter. Biological Conservation 95:279-294.

Ralph, C. J., G. R. Geupel, P. Pyle, T. E. Martin,
and D. F. DeSante. 1993. Handbook of field
methods for monitoring landbirds. General
Technical Report PSW-GTR-144-www, U.S.
Department of Agriculture, Forest Service, Pa-
cific Southwest Research Station, Albany, Cali-
fornia, USA.

Robbins, C. S. 1970. Recommendations for an
international standard for a mapping method
on bird census work. Audubon Field Notes
24:723-726.

309

Robel, R. J., J. P. Hughes, S. D. Hull, K. E. Kemp,
and D. S. Klute. 1998. Spring burning: resulting
avian abundance and nesting in Kansas CRP.
Journal of Range Management 51:132-138.

Roberts, J. P., and G. D. Schnell. 2005. Compari-
son of survey methods for wintering grassland
birds. Journal of Field Ornithology 77:46—60.

Ryder, R. 1998. Horned lark. Pages 332-333 in
H. E. Kingery, editor. Colorado Breeding Bird
Atlas. Colorado Bird Atlas Partnership, Denver,
Colorado, USA.

Seamans, T. W., S. C. Barras, G. E. Bernhardt, B.
F. Blackwell, and J. D. Cepek. 2007. Compari-
son of 2 vegetation-height management prac-
tices for wildlife control at airports. Human—
Wildlife Conflicts 1:97-105.

Shannon, C. E., and W. Wiener. 1963. The math-
ematical theory of communications. University
of lllinois Press, Urbana, lllinois, USA.

Swengel, S. R., and A. B. Swengel. 2001. Relative
effects of litter and management on grassland
bird abundance in Missouri, USA. Bird Conser-
vation International 11:113-128.

U.S. Department of Agriculture. 2011. The PLANTS
Database, U.S. Department of Agriculture, Nat-
ural Resources Conservation Service, National
Plant Data Center, Baton Rouge, Louisiana,
USA, <http://plants.usda.gov>. Accessed July
12, 2012.

Walk, J. W., and R. E. Warner. 2000. Grassland
management for the conservation of songbirds
in the Midwestern USA. Biological Conserva-
tion 94:165-172.

Wiens, J. A., and J. T. Rotenberry. 1981. Habi-
tat associations and community structure of
birds in shrubsteppe environments. Ecological
Monographs 51:21-42.

Zakrajsek, E. J., and J. A. Bissonette. 2005.
Ranking the risk of wildlife species hazard-
ous to military aircraft. Wildlife Society Bulletin
33:258-264.




310

KARA A. CARRAGHER received her B.S.
degree in wildlife biology at Colorado State Univer-
sity and her M.S. degree
in organismic biology at
the University of Colora-
do at Colorado Springs.
She taught general
biology at Pikes Peak
Community College as
an adjunct instructor.
She spends her free
time teaching, birding,
botanizing, and creating
eco-friendly jewelry from
upcycled plastics.

Rick M. CLAWGES is a wildlife biologist

with the Fort Carson Military Reservation in eastern
Colorado and an adjunct
associate professor of
biology at the University
of Colorado—Colorado
Springs. He earned a
B.S. degree in decision
sciences and computers
from Rider College and
an M.S. degree in ecol-
ogy and remote sensing
from the South Dakota
School of Mines and
Technology. His current
research involves the ef-
fects of military training
on mule deer and breeding grassland birds.

Human-Wildlife Interactions 6(2)

Rick L. BUNN (photo unavailable) is a wildlife
biologist and manages the wildlife program at Fort
Carson Military Reservation in eastern Colorado.

HeLen K. PicacE (right) taught biology and
microbiology at the United States Air Force Acad-
emy as an as-
sociate professor
of biology. She
earned a B.S.
degree in biology
and secondary
education from
Notre Dame
College of Ohio,
an M.S. degree
in microbiol-

ogy from Ohio
State University,
and a Doctor of
Arts from the
University of
North Dakota. She has worked on fleas of small
mammals and is currently studying activity patterns
of mule deer does. JON C. PIGAGE (left) is an
assistant professor of biology at the University of
Colorado at Colorado Springs. He earned his B.S.
degree in wildlife management and conservation
from the University of Wyoming and his M.S. and
Ph.D. in biology from the University of North Dakota.
His primary research interest is in mammalian
population ecology. His current research involves
population ecology of mule deer.





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /None
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /None
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


