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Abstract: Aviation safety is an important concern in wildlife management as bird
strikes risk human lives and result in costly damage. Habitat management can decrease bird
abundances locally at airports. We tested soil manipulation as a technique to reduce local bird
presence by establishing experimental plots with either intact topsoil or “stripped” subsoil with
the aim of decreasing foraging substrate for birds. We estimated invertebrate abundance,
and observed bird presence from 2006 to 2008. More birds visited topsoil plots (151.5 birds/
ha/hour) than subsoil plots (72.7 birds/ha/hour). Topsoil plots supported a greater biomass of
invertebrates than subsoil plots (= 0.39 g/50 cm?, 0.21 g/50 cm?, respectively). Bird abundance
reflected soil variation in invertebrate abundance. Reducing topsoil quality may merit
further consideration as a means of reducing local bird activity and abundances at airports.
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BIRD STRIKES ARE A WORLDWIDE threat to
aviation safety. From 1990 to 2012, the Federal
Aviation Administration (FAA) received
>127,000 bird strike reports within the United
States (Dolbeer et al. 2013). Bird strikes resulted
in approximately 815,000 hours of downed
aircraft time, >$570 million in damage costs, and
loss of human life. Further, the FAA estimates
that only about 20% of bird strikes are reported.
The probability of bird strikes increases with
proximity to airports because of low flight
altitudes of planes during take-off and landing
(Wright and Dolbeer 2000).

Wildlife habitat on and near airfields is
important to flight safety due to the potential
attractiveness of an airfield to birds and other
animals. Habitat management on airfields can
decrease local bird abundance and improve
aviation safety at and near airports (Dolbeer et.
al 1998, Barras et al. 2000, Barras and Seamans
2002, Dolbeer et al. 2013). Additionally,
management within 8 km of the airport can
reduce risk of strikes above 150 m (Dolbeer
et al. 2013). Proven management techniques

include maintaining intermediate grass height
by routine mowing, use of chemical repellent
on vegetation, removal of perching structures,
and removal of standing water (Barras et al.
2000, Barras and Seamans 2002, Dolbeer et.
al 1998). Use of specific turfgrass varieties or
alternative land covers, such as agricultural
crops, can also influence bird foraging, adding
to habitat management techniques (Washburn
and Seamans 2012, DeVault et al. 2013, Schmidt
et al. 2013).

Management of soil quality is a possible
technique that has not been assessed. Soil
quality may affect the attractiveness of local
habitat for birds due toimpacts upon vegetation,
hydrology, and food (Tanaka and Aase 1989,
Gregorich et al. 1994). Airports often undergo
construction that requires removal and storage
of topsoil (D. Arends, O’'Hare Modernization
Program, personal communication). Soil
conditions in topsoil are typically much more
conducive to plant growth than those of subsoil
(Brady and Weil 2007). Stripped soil (i.e, subsoil
only) differs from topsoil in compaction,
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cation exchange capacity,
organic matter content,
and nutrients- fertility that
reduce crop yields (Tanaka
and Aase 1989, Robbins
et al. 1997, Preve and
Martens 1989) and overall
productivity.

Soil quality also affects
local abundances of
invertebrates and, therefore,
food for birds. Compaction,
soil fertility, soil organic
matter, and soil moisture
all influence invertebrate
abundance (Schrader and
Lingnan 1997, Cortet et
al. 2002, Ellis et al. 2004,
Stovold et al. 2004, Johnson
et al. 2006, Gilroy et al. 2008,
Weston and Desurmont
2008). Reduced soil
penetrability can reduce abundances of insect-
eating birds (Lister 1964, Green et al. 1990,
Peach et al. 2004, Gilroy et al. 2008).

Given that food availability is a major
determinant of habitat use by birds (Buler et. al
2007), soil quality may influence the suitability
of airport fields as foraging substrates for
birds. As the size of a flock increases, the risk
of a damaging and potentially fatal strike also
increases (DeVault et al. 2011). If stripped soil
reduces the abundances and quality of both
vegetation and soil invertebrates, then bird
activity may also be reduced.

We assessed the effect of stripped soil on
patch use by foraging birds. We asked: (1)
whether reduced soil quality reduces the
presence of birds on small plots? and (2) Does
poor soil quality reduce the total biomass of
soil invertebrates? We predicted that plots
with poorer soil quality would have lower bird
abundance and lower soil invertebrate biomass
than plots with higher soil quality

Study area
We conducted our study at the Landscape
Horticulture Research Center at the University
of Illinois in Urbana, Illinois. The average
annual precipitation for this area was 104.3 cm
(NOAA 2009). The average daily maximum
temperature was 16.2° C, and the average
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Figure 1. Study plot with low quality soil in Urbana, lllinois, USA.

daily minimum temperature was 5.3" C. The
area immediately adjacent to the study plots
consisted of a variety of turfgrass species. The
surrounding landscape was dominated by row-
crop agriculture, mainly consisting of corn and
soybeans.

Methods

Plot establishment and treatments

Beginning in the fall of 2005, we established
6 plots each comprising 165 m? on a layer of
construction spoil, consisting of subsoil clay
(i.e., alow quality soil; Figure 1). We established
6 other plots with the original topsoil layer at
the surface (i.e. a high quality soil) and equal
in area to the construction spoil plots. The
subsoil and topsoil plots were adjacent to each
other and all surrounded by mixed turfgrass
that was maintained at <6 cm. Because capping
soil with subsoil permanently damages the soil
quality, a large area of subsoil was used for all
subsoil plots and was divided by 1-m buffers
and with sterilized plots. We randomly selected
3 plots on each soil type for sterilization with
dazomet at 560 kg/ha. Sterilization kills nearly
all soil organisms, so it was used as a baseline
for low soil productivity for which to compare
the unsterilized topsoil and subsoil plots.

We seeded the plots with a standard cool
season turf grass mix, consisting of 19%
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Table 1. Soil quality measurements for topsoil and subsoil plots in

central Illinois.

Measurement Topsoil ~ Subsoil Fi P
TEC® 14.15 16.34 27.23 0.0008
pH 6.65 7.72 341.33 <0.0001
OoMC® 5.24 4.03 11.07 0.0104
ENRe (kg/hour) 100.67 90.00 19.41 0.0023
Soluble sulfur 20.33 13.50 13.56 0.0062
(meq/100 g soil)

P (ppm) 27.83 14.00 9.84 0.0140
Ca (ppm) 1695.5 2019.5 16.61 0.0004
Mg (ppm) 563.33 651.83 26.75 0.0009
K (ppm) 277.00 208.83 33.31 0.0004
Na (ppm) 60.33 62.67 0.06 0.8077
B (ppm) 1.02 1.40 14.57 0.0051
Fe (ppm) 282.83 164.17 6.68 0.0323
Mn (ppm) 63.17 113.00 40.31 0.0002
Cu (ppm) 2.80 3.23 2.02 0.1932
Zn (ppm) 4.40 3.26 5.05 0.0548
Al (ppm) 599.0 408.5 151.33 <0.0001
Bulk density 1.16 1.31 41.44 <0.0001
(g/cm’)

*Cation exchange.
% organic matter content.
Estimated nitrogen release.

Kentucky bluegrass (Poa pratensis L.) variety
Boutique, 19% Kentucky bluegrass variety
Midnight Star, 14% Kentucky bluegrass variety
Brooklawn, 14% perennial ryegrass (Lolium
perenne L.) variety Paragon, and 29% creeping
red fescue (Festuca rubra L.) variety Fortitude.
These grass species are typically used in low
maintenance turf mixes at airports (Doug
Arends, O’Hare Modernization Program,
personal communication). We maintained
a turfgrass height of 6 cm by mowing as
necessary throughout the growing season,
which was typically once every 1 to 2 weeks.
Irrigation and fertilization were provided as
needed to prevent stress during the study
period. All plots maintained >75% cover of
the seeded turfgrass mix, clover (Trifolium sp.),
and annual bluegrass (Poa annua) throughout
the study period, as observed in routine scans
using a grid pattern with a square meter.

Comparisons of soil quality
We collected 3 soil cores randomly from each

plot using a 75-mm cylinder sampler in October
2008. Soil cores were weighed at field condition,
dried in an oven at 40" C until there was no
change in weight, and weighed again. Coarse
fragments were removed, using a 2-mm sieve,
and weighed. Bulk density was determined
using the standard core method (Klute 1986).
We composited samples for each plot and
sent the composite samples to Brookside Lab,
New Knoxville, Ohio for nutrient and particle
analyses. We ran a particle size analysis using
the hydrometer method and determined that
the subsoil cap was a clay loam (21% sand,
52% silt, 27% clay, 4.03% organic matter) and
the intact topsoil was a silt loam (16% sand,
66% silt, 18% clay, 5.24% organic matter).

Estimating avian presence

During October-November 2006, April-
November 2007, and April to November 2008,
we monitored all plots for avian presence.
We recorded the species and number of birds
present every 5 minutes for 1-hour time
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the surface downward.
Soil cores were left in the
funnels until the core was
fully dry. Invertebrates
were collected in 70%
ethyl alcohol. We dried the
samples using a hot plate
and recorded dry biomass.

Statistical analysis

We assessed the effects of
soil type and sterilization
on estimated bird activity
(birds per hour) using a
repeated measures design
and nested ANOVA with
SAS9.1 (PROCMIXED, SAS
Institute 2003). Normality
of all data was determined
using  diagnostic  plots
(histogram and Q-Q plots).

Fall Spring

Sterilization treatment

Summer C1 . .
was nested within soil

Figure 2. Seasonal presence of birds measured as birds/hour on topsoil

and subsaoil plots in central lllinois during 2006 to 2008.

intervals at various times between dawn
and dusk (summing to 8 hours/week), with a
minimum of 2 hours per week in each category
of morning (dawn +2 hours), day, and evening
(2 hours before dusk). Observations were made
from either a nearby woodlot with cover or the
entrance of a building using binoculars and a
spotting scope. The woodlot was across a drive,
approximately 50 m from the nearest plot. The
building entrance was approximately 100 m
from the nearest plot. All plots were clearly
visible from both locations. We did not sample
when the plots were covered with snow.

Estimating invertebrate abundance
Soil invertebrate samples were collected
October 10, 2006; April 30, 2007; September
25, 2007; May 10. 2008; and October 1, 2008.
We collected 4 random soil cores that were
each 324 cm? from each plot. All cores for each
season were collected within a 4-day period at
approximately the same time of day. Samples
from each plot were composited and placed
in a Berlese funnel. We covered the sides of
the cores with plastic wrap to reduce drying
from the sides and to increase drying from

type because the topsoil
and subsoil were spatially
segregated. Monthly
observations were the within subjects (i.e.,
time) factor. Seasons were divided as follows:
spring (March, April, May), summer (June,
July, August), and fall (September, October,
November). We compared mean invertebrate
biomass (g/50 cm?®) on each soil type using a
repeated measures and nested plot ANOVA
using SAS 9.1 (PROC MIXED, SAS Institute
2003). Invertebrate abundance was collected
only once each spring and fall, so each season
was used as a repeated measure in the analysis
for overall invertebrate biomass. We estimated
Spearman’s rank correlation coefficients to
test for correlation between number of birds
observed and invertebrate biomass using a
bootstrap routine with 1,000 replications

We classified bird species into 2 food guilds:
granivores and insectivores. The composition
of these guilds changed as bird diets changed
seasonally. We compared bird use (birds per
hectare per hour) on the two soil types and
sterilization treatment for each guild using
ANOVA with repeated measures in SAS 9.1
(PROC MIXED, SAS Institute 2003) and Tukey’s
test for differences. The two years were pooled
because we did not find any difference across
years for each calendar season.
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Table 2. Presence (birds/ha/hour) of individual bird species averaging >6 birds/ha/
hour in >1 soil type each season during 2007 to 2008 in central Illinois.

Topsoil Subsoil cap
Season Bird species Mean SE Mean SE
Common grackle
Spring 2007 (Quiscalus quiscula) 18.79 4.85 2242 6.67
American robin
(Turdus migratorius) 16.97 242 33.33 8.48
Killdeer
Summer 2007  (Charadrius vociferous) 17.58 4.85 1.21 0.61
Brown-headed cowbird
(Molothrus ater) 190.30 14.55 115.15 3.64
Common grackle 13.94 6.06 0.61 0.00
American robin 5.45 1.21 6.67 0.61
Fall 2007 Killdeer 33.94 10.91 3.03 1.82
Brown-headed cowbird 249.70 41.21 12.12 7.88
Spring 2008 Common grackle 3091 3.64 35.76 5.45
American robin 12.73 3.03 15.15 1.21
Summer 2008  Brown-headed cowbird 182.42 13.33 89.09 12.73
Common grackle 24.85 5.45 2242 4.85
American robin 5.45 1.82 34.55 5.45
Fall 2008 Killdeer 12.73 6.06 1.21 1.21
Brown-headed cowbird 91.52 13.33 32.12 10.91
Common grackle 6.06 1.21 6.67 1.82
American robin 1.21 0.61 10.30 242

Results

Comparison of soil quality

Topsoil plots had a lower percentage coarse
fragment content (FL35 = 296, P = 0.0005),
higher percentage moisture content (F ,, =
6.39, P = 0.0002), lower bulk density, higher
percentage organic matter, and lower pH
than subsoil plots (Table 1). Topsoil plots had
higher levels of important macronutrients than
subsoil; subsoil plots had about 50% as much
phosphorus, 90% as much nitrogen, and 75%
as much potassium as topsoil plots. Topsoil
also had higher levels of soluble sulfur, iron,
and aluminum. Subsoil had higher levels of
calcium, magnesium, boron, and manganese.

Avian presence

We observed brown-headed cowbirds
(Molothrus ater) more than any of the other
6 species observed on the research plots. We

observed them in high numbers only in late
summer and early fall. Common grackles
(Quiscalus quiscula), American robins (Turdus
migratorius), and killdeer (Charadrius vociferus)
were seen most often during spring. Other
species observed included house sparrows
(Passer domesticus), American crows (Corvus
brachyrhynchos), and mourning doves (Zenaida
macroura; Table 2).

Birds were observed in the high-quality
topsoil plots more than low-quality subsoil
plots overall in summer (F, ; =29.03, P <0.0001)
and fall (F1,5= 51.72, P < 0.0001; Figure 2). Bird
use of topsoil plots and subsoil plots did not
differ in spring (F, ; = 0.83, P = 0.3899). We also
observed an interaction between soil type and
season (Fm3 =30.72, P <0.0001), such that bird
presence in fall declined on subsoil, but not
topsoil. Avian presence on the sterilized plots
did not differ from unsterilized plots at any
point in the study (F, ,,=0.63, P = 0.4324).

1,13
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Figure 3. Seasonal abundance of herbivores and insectivores on topsoil and subsoil plots in central lllinois

during 2006 to 2008.

Overall, bird presence was greater on topsoil
than subsoil for both insectivores (F,,, = 31.91,
P < 0.0001) and granivores (F1,5 =918, P <
0.0001). We also found an interaction between
soil type and season for both guilds (F, ,=18.72,
P < 0.0001; Figure 3), whereby topsoil had
higher bird activity than subsoil in summer

and fall, but lower bird activity in spring.

Invertebrate abundance

Topsoil (x = 0.39 g/50 cm?) supported a
higher abundance of invertebrates than subsoil
(x =0.21 g/50 em’, F,, , = 3.24, P = 0.002). Dry
invertebrate biomass ranged from 0.00 g/50
cm? to 2.07 g/50 cm?® on topsoil plots and from
0.00 g/50 cm?® to 0.73 g/50 cm® on subsoil plots
throughout the study period. Soil invertebrate
abundance was extremely low in fall 2006
(x: topsoil = 0.13 g/50 cm?®, 95% CI: 0.03, 0.23;
subsoil =0.14 g/50 cm?, CI: 0.02, 0.26), the season
when plots were established. Subsoil plots
maintained a low average invertebrate biomass
throughout the study. Invertebrate biomass
increased on topsoil in both fall 2007 and fall
2008. The average invertebrate biomass in
topsoil was >300% that of the subsoil (0.13 g/50
cm’) in fall 2007, and slightly <300% as much in
fall 2008 (subsoil x =0.37 g/50 cm?). Invertebrate
biomass increased greatly on topsoil plots from
spring to fall, but did not increase similarly on
subsoil plots (interaction between soil type and
season; F,, =389, P = 0.001). Sterilized plots

did not differ in invertebrate biomass from
unsterilized plots at any point in the study (F
=0.44, P=0.51).

1,11

Bird use and invertebrate biomass

The estimated abundances of birds and
biomass of soil invertebrates were strongly
correlated (0.86 Spearman’s rank correlation
coefficient) throughout the seasons on the
topsoil plots (Figure 4a) and subsoil plots
(Figure 4b). The abundances of both birds and
invertebrates were relatively low in spring and
increased during the growing season, especially
on the topsoil plots.

Discussion

Our experiment offers evidence that
management of soil can be part of the solution
to reducing bird abundances at airports. Several
bird species that have been involved in damage-
causing aircraft strikes in the United States
apparently preferred topsoil to low-quality soil.
Blackbirds and grackles caused >$1.7 million in
costs due to damaged aircraft and down town
from 1990 to 2012 (Dolbeer et al. 2013). Killdeer
caused about $4 million in costs during that
time period and also demonstrated a preference
for topsoil.

We demonstrated that lower soil quality
caused ecological changes, reducing animal
use in 2 trophic levels by impacting both
soil invertebrates and birds. Organic matter
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(Cleary et al. 2006, Dolbeer et al. 2013), trends
of soil invertebrates are important during this
time. Bird abundances tracked invertebrate
biomass in both soil types. The large difference
in invertebrate biomass between topsoil and
subsoil in fall was likely a major factor for the
greater abundance of insectivorous birds on
topsoil plots, though other variables that were
not within the scope of this study, including
edge effects, predation, vegetation structure,
and vegetation density, also have an influence
on avian presence. We believe the influence of

Figure 4. (A) Trend of mean bird presence on topsoil plots compared
to the trend of mean invertebrate biomass on topsoil plots in spring
and fall 2006 to 2008 on the study plots in central lllinois. (B) Trend of
mean bird presence on subsoil plots compared to the trend of mean
invertebrate biomass on subsoil plots in spring and fall 2006 to 2008
on the study plots in central lllinois.

low quality soil can be multi-trophic and can
reduce bird abundance.

Soil quality is often discussed but can be
difficult to quantify (Karlen et. al 1997). The
subsoil used in this study was established in turf
during 1993 and managed as alow-maintenance
turf but with irrigation to maintain growth.
Fertility was sporadic and limited during this
time but constant turf and weed cover was
maintained. Thus, while the soil quality was
reduced compared to native topsoil, soil quality
most likely improved over the 12 years of grass
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growth that added organic matter and fertility
to the soil. Very poor quality subsoil could lead
to turf loss under drought or high temperature,
which could lead to significant problems, e.g.
excessive airborne dust. Additional research is
needed to determine what minimum level of
soil quality is required to sustain a turf under
airfield conditions.

Management implications

Manipulating soil quality may be a
promising technique for reducing patch use
by both granivores and insectivores, especially
in late summer to early fall, when low strike
altitudes are most frequent (Cleary et. al 2006,
Dolbeer 2006). By making airports low-quality
patches, birds may choose to abandon airports
as foraging locations. Soil manipulation
does affect bird abundance, but may not be
possible for all airports due to infeasibility and
high costs of moving soil. However, airports
undergoing construction should consider soil
quality as a possible management practice by
not requiring the typical replacement of topsoil
post-construction. In this type of situation,
airports could save money by avoiding soil
replacement costs, while reducing habitat
quality. Additionally, effective reduction in bird
abundance would reduce the need for ongoing
bird-scaring tactics.

Increased effort to establish and maintain turf
may be necessary in the lower quality soil, but
this initial effort can potentially be a valuable
investment in aviation safety. Soil management
will not eliminate strikes, but it will lower the
potential for strikes and lessen the need for
reactive management, improving the safety of
aviation and costs of both management and
damage. Larger-scale studies are currently
underway. Our observations in this study were
limited to small birds. The effect of soil quality
on large herbivorous birds, such as Canada
geese (Branta canadensis) merits study, as these
pose a higher hazard to aviation safety than
small birds (Cleary et al. 2006, Dolbeer et al.
2013).

Acknowledgments
We thank the O’Hare Modernization
Program for funding. We also thank our field
technicians and the staff at the Landscape
Horticulture Research Center at the University

Human-Wildlife Interactions 8(2)

of Illinois for their assistance. Comments and
contributions were made by E. Herricks and R.
Darmody. C. Nielsen reviewed a previous draft
of this manuscript.

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. Proceeding of the Vertebrate
Pest Conference 20:309-315.

Birds of North America Online. 2009. Cornell Lab
of Ornithology, <bna.birds.cornell.edu/bna>.
Accessed August 18, 2014.

Brady, N. C., and R. R. Weil. 2007. The nature and
properties of soil. Fourteenth edition. Prentice
Hall, Lebanon, Indiana, USA.

Buler, J., F. Moore, and S. Woltmann. 2007. A
multi-scale examination of stopover habitat use
by birds. Ecology 88:1789-1802.

Cleary, E. C., R. A. Dolbeer, and S. E. Wright.
2006. Wildlife strikes to civil aircraft in the Unit-
ed States: 1990-2005. Federal Aviation Ad-
ministration National Wildlife Strike Database.
Serial Report Number 12. Washington, D.C.,
USA

Cortet, J., D. Ronce, N. Poinsot-Balaguer, C.
Beaufreton, A. Chabert, P. Viaux, and J. P.

de Fonseca, C. 2002. Impacts of different agricul-
tural practices on the biodiversity of microar-
thropod communities in arable crop systems.
European Journal of Soil Biology 38:239-244.

DeVault, T. L., M. J. Begier, J. L. Belant, B. F.
Blackwell, R. A. Dolbeer, J. A. Martin, T. W.
Seamans, and B. E. Washburn. 2013. Rethink-
ing airport land-cover paradigms: agriculture,
grass, and wildlife hazards. Human-Wildlife
Interactions 7:10-15.

DeVault, T. L., J. L. Belant, B. F. Blackwell, and
T. W. Seamans. 2011. Interspecific variation in
wildlife hazards to aircraft: implications for air-
port wildlife management. Wildlife Socity Bul-
letin 35:394-402.

Dolbeer, R. A. 2006. Height distribution of birds re-
corded by collision with civil aircraft. Journal of
Wildlife Management. 70:1345-1350.

Dolbeer, R. A., T. W. Seamans, B. F. Blackwell,



Soil quality at airports * Johnston et al.

and J. L. Belant. 1998. Anthraquinone formu-
lation (flight control) shows promise as avian
feeding repellent. Journal of Wildlife Manage-
ment. 62:1558—-1564.

Dolbeer, R. A., S. E. Wright, J. Weller, and M. J.
Begier. 2009. Wildlife strikes to civil aircraft in
the United States 1990-2008. Federal Aviation
Administration National Wildlife Strike Data-
base Serial Report Number 15. Washington,
D.C., USA.

Dolbeer, R. A., S. E. Wright, J. Weller, and M. J.
Begier. 2013. Wildlife strikes to civil aircraft in
the United States 1990-2012. Federal Aviation
Administration National Wildlife Strike Data-
base Serial Report Number 19. Washington
D.C., USA.

Ellis, J. D., R. Hepburn, B. Luckman, and P. J. El-
zen. 2004. Effects of soil type, moisture, and
density on pupation success of Aethina tumida
(Coleoptera: Nitidulidae). Environmental Ento-
mology 33:794-798 .

Gilroy, J. J., G. Q. A. Anderson, P. V. Grice, J. A.
Vickery, . Bray, P. N. Watts, and W. J. Suther-
land. 2008. Could soil degradation contribute
to farmland bird declines? Links between soil
penetrability and the abundance of yellow wag-
tails Motacilla flava in arable fields. Biological
Conservation 141:316-3126.

Green, R. E., G. J. M. Hirons, and B. H. Cresswell.
1990. Foraging habitats of female common
snipe Gallinago gallinago during the incubation
period. Journal of Applied Ecology 27:325-335.

Gregorich, E., M. Carter, D. Angers, C. Monreal,
and B. Ellert. 1994. Towards a minimum data
set to assess soil organic matter quality in agri-
cultural soils. Canadian Journal of Soil Science
74:367-385.

Johnson, S. N., A. N. E. Birch, P. J. Gregory, and
P. J. Murray. 2006. The ‘mother knows best’
principle: should soil insects be included in the
preference-performance debate? Ecological
Entomology 31:395-401.

Karlen, K.L., M.J. Mausbach, J. W. Doran, R. G.
Cline, R. F. Harris, and G. E. Schuman. 1977.
Soil quality: a concept, definition, and frame-
work for evaluation. Soil Science Society of
America Journal 61:4-10.

Klute, A. 1986. Methods of soil analysis part 1
physical and mineralogical methods. American
Society of Agonomy Inc., Soil Science Society
of America Inc., Madison, Wisconsin, USA.

269

Lister, M. D. 1964. The lapwing habitat enquiry,
1960-61. Bird Study 11:128-147.

National Oceanic and Atmospheric Administra-
tion. 2009. National Weather Service internet
services team. Climatological report (annual)
for central lllinois. <http://www.crh.noaa.gov/
product.php?site=ILX&product=CLA&issuedb
y=ILX>. Accessed August 18, 2014.

Peach, W. J., R. A. Robinson, and K. A. Murray.
2004. Demographic and environmental causes
of the decline of rural song thrushes Turdus
philomelos in lowland Britain. Ibis 146:50-59.

Preve, R. E., and D. C. Martens. 1990. Potential
effect of land-leveling on soil fertility in a Brazil-
ian rice soil. Plant and Soil 121:148-150.

Provencher, L., A. Litt, and D. Gordon. 2003. Pre-
dictors of species richness in northwest Florida
longleaf pine sandhills. Conservation Biology
17:1660-1671.

Riley, H., R. Pommeresche, R. Eltun, S. Hansen,
and A. Korsaeth. 2008. Soil structure, organic
matter, and earthworm activity in a compari-
son of cropping systems with contrasting till-
age, rotations, fertilizer levels and manure
use. Agriculture, Ecosystems and Environment
124:275-284.

Robbins, C., B. Mackey, and L. Freeborn. 1997.
Improving exposed subsoils with fertilizers and
crop rotations. Soil Science Society of America
Journal 61:1221-1225.

Schmidt, J. A., B. E. Washburn, T. L. DeVault, T. W.
Seamans, and P. M. Schmidt. Do native warm-
season grasslands near airports increase bird
strike hazards? American Midland Naturalist
170:144-157.

Schrader, S., and M. Lingnau. 1997. Influence of
soil tillage and soil compaction on microarthro-
pods in agricultural land. Pedobiologia 41:202—
209.

Stovold, R. J., W. R. Whalley, P. J. Harris, and R.
P. White. 2004. Spatial variation in soil com-
paction, and the currowing activity of the earth-
worm Aporrectodea caliginosa. Biology and
Fertility of Soils 39:360-365.

Tanaka, D., and J. Aase. 1989. Influence of top-
soil removal and fertilizer application on spring
wheat yields. Soil Science Society of America
Journal 53:228-232.

Washburn, B. E. and T. W. Seamans. 2012. For-
aging preferences of Canada geese among
turfgrasses: implications for reducing human—



270

goose conflicts. Journal of Wildlife Manage-
ment 76:600-607.

Weston, P., and G. A. Desurmont. 2008. Pupation
by viburnum leaf beetle (Coleoptera: Chryso-
melidae): behavioral description and impact
of environmental variables and entomopatho-
genic nematodes. Environmental Entomology
37:845-849.

Woinarski, J. C. Z., A. Fisher, and D. Milne. 1999.
Distribution patterns of vertebrates in relation
to an extensive rainfall gradient and variation in
soil texture in the tropical savannas of Northern
Territory, Australia. Journal of Tropical Ecology
15:381-398.

Wright, S.E., and R. A. Dolbeer. 2000. Wildlife
strikes: a growing and costly problem for civil
aviation in the USA. Proceedings of the Annual
Corporate Aviation Safety Seminar 45:35-52.

THERESA K. JOHNSTON currently is a post-
doctoral fellow at McGill University in Montreal, Can-
ada. She earned B.S.
and M.S. degrees

in natural resources
and environmental
sciences and a Ph.D.
degree in compara-
tive biosciences at the
University of lllinois—
Urbana.

BRUCE BRANHAM (photo unavailable) is a
professor in the Department of Crop Sciences
at the University of lllinois. He earned a PhD
degree in horticulture from the University of
lllinois in 1983. He was on the faculty at Michi-
gan State University in 1983 through 1995. His
research focuses on weed control and environ-
mental issues related to turfgrass management.

JEFFREY BRAWN is a professor and head of the
Department of Natural Resources and Environmen-
tal Sciences. He earned a B.S. in
Wildlife Biology at the University
of Massachusetts at Amherst, an
M.S. in Wildlife Ecology at the
University of Missouri-Columbia,
and a Ph.D. in Zoology-Ecology
at Northern Arizona Univer-

sity. His research interests are
applied animal ecology and
conservation.

Human-Wildlife Interactions 8(2)



