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" N Jildlife within the airport environment are haz-

ards to human safety. Lethal removal of tar-
geted individuals reduces the immediate threat, but
other approaches should be integrated into control
programs to make them more effective and to help
meet legal and ethical considerations (Dolbeer et al.
1995). When negative media attention, special inter-
est groups, or calls for restrictive legislation influence
public opinion, the resulting public pressure can pre-
clude effective wildlife management and lead to subse-
quent population control problems (Torres et al. 1996,
Coolahan and Snider 1998, Conover 2001). Nonle-
thal management activities to reduce wildlife use of
airports may include habitat modification, exclusion
from roosting and nesting areas, and repelling animals
from desired locations. When considering repellents
alone, there are many that are untested, temporarily
effective, or cost-prohibitive (Dolbeer et al. 1995). Ef-
fective nonlethal repellents must affect some aspect
of physical receptors or psychological perception of
the intended targeted animals. In birds and mammals
the primary physical receptors are visual (see Chap-
ter 2), auditory, and tactile (Dooling 1982, Fay 1988,
Clark 1998a). As explained in Chapter 3, the sense of
smell is also important for birds and mammals. In this
chapter we focus on auditory and tactile repellents,
particularly the physiological bases for tactile and au-
ditory repellent efficacy. We also examine some behav-
ioral aspects of species that influence the efficacy of
repellents.

Animal Sensory Capabilities

One must account for the auditory capability of ani-
mals when evaluating acoustic frightening devices. Au-
ditory capabilities are measured in part by sound fre-
quency in Hertz (Hz) and sound pressure level (SPL),
the logarithmic measure of the pressure of a sound in
decibels (dB) relative to a standard reference pressure
in air (dB SPL), typically 20 pPa. Despite physical dif-
ferences, the ears of mammals and birds work remark-
ably similarly. One obvious difference between the two
groups is that avian ears are not externalized, yet have
feather patterns that can focus sound waves into the
ear in much the same way as the external mammalian
ear. The avian inner ear differs from the mammalian
inner ear, with one interior bone instead of three (Gill
2007). Even though the avian ear is structurally simpler
than the coiled cochlea of a mammal, with its straight
or slightly coiled cochlea (inner ear), the acoustical
efficiency of birds is similar to that of mammals (Gill
2007). In both mammals and birds, hair cells in the
cochlea serve as auditory sensory receptors. However,
some birds, unlike mammals, have the ability to regrow
some damaged hair cells (Ryals et al. 1999, Stone and
Rubel 2000).

In general, birds hear well within a limited fre-
quency range, whereas human hearing spans a wider
range. Humans can detect sounds at frequencies from
about 0.03 to 18 kHz (Heffner and Heffner 1992),
with an absolute sensitivity at 0 dB SPL (Durrant and
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Lovrinic 1984). Birds react most to sounds from 1 to
3 kHz, with an absolute sensitivity from -10 to 10
dB SPL (Dooling 1978, 1982; Stebbins 1983; Dooling
et al. 2000). However, the range of sounds detected
among species varies markedly. Downy woodpeck-
ers (Picoides pubescens) are most sensitive to sounds
from 1.5 to 4.0 kHz (Delaney et al. 2011), whereas
barn owls (Tyto alba) are most sensitive from 6.0 to
7.0 kHz and at sound pressure levels as low as -18 dB
SPL (Fay 1988). Rock pigeons (Columba livia) can de-
tect low frequencies (0.05 Hz; i.e., in the infrasound
range <20 Hz), but it is unknown how pigeons use
this capability (Fay and Wilber 1989, Fay and Popper
2000). Also, birds, unlike some mammals, do not hear
ultrasonic (=20 kHz) sounds (Schwartzkopff 1973,
Dooling 1982).

White-tailed deer (Odocoileus virginianus), one of
the most hazardous mammals to aircraft (Biondi et al.
2011, DeVault et al. 2011), hear from 0.25 to 54 kHz up
to ~60 dB SPL. When measured using auditory brain-
stem response, deer were most sensitive to sounds from
4 to 8 kHz at 42 dB (D’Angelo et al. 2007). However,
when measured using a behavioral audiogram, deer
were most sensitive at 8 kHz and —3 dB SPL (Heffner
and Heffner 2010). When measured at an intensity of
60 dB SPL, domestic dogs (Canidae) hear sounds be-
tween 0.067 and 44 kHz and domestic cats (Felidae)
between 0.055 and 79 kHz (Heffner and Heffner 1992,
Heffner 1998).

Hearing a sound and reacting to a sound require
two different processes, however. Heffner (1998) de-
scribes these processes as sensation and perception,
where sensation is the ability to detect a sound and
perception is the ability to respond to the sound. This
ability to respond is dependent not only on the phys-
ics of stimulus transmission, but also the ecological
saliency of the stimulus (see Guilford and Dawkins
1991, Phelps 2007). We would expect an animal’s per-
ception to change as it habituates to a sound that is
not negati\?ely reinforced (see, however, Biedenweg
et al. 2011). Vesper sparrows (Pooecetes gramineus)
sometimes maintain breeding territories at airports
despite noises associated with jet engines or passing
vehicles. Yet vesper sparrows occupying territories in
open fields that are not subject to constant airport
noise, but are near roads, often cease singing and hide

when a car door is closed or a vehicle drives by (Sea-
mans, personal observation; see also Summers et al.
2011).

In addition to auditory stimuli, animals perceive
their environment through touch, primarily through
contact with the skin. The skin of birds is relatively
thinner than that of mammals, but as in mammals the
skin serves multiple purposes. Skin provides a protec-
tive envelope for the body, some thermal insulation,
and is a large sensory organ especially sensitive to tem-
perature, pressure, and vibration (Stettenheim 1972,
Schwartzkopff 1973). Although not apparent, the skin
on a bird’s foot is thick except at the hinges between the
scales, where it is sensitive to tactile stimuli (Stetten-
heim 1972, Clark 1997). The trigeminal nerves in the
avian bill are also sensitive to oral stimuli (Schwartz-
kopff 1973, Clark 1998a), which has been the basis
for development of primary foraging repellents (e.g.,
methyl anthranilate-based products including Bird
Shield and Bird Stop [Mason et al. 1989, Belant et al.
1996b, Clark 1998b}; Chapter 3). White-tailed deer
have demonstrated sensitivity to electrical stimuli of
5.9 kV through their feet, a finding used in the de-
velopment of electric mats as barriers against deer
(Seamans and Helon 2008). Raccoons (Procyon lotor)
have sensitive forepaws (Tremere et al. 2001) with
good motor capability (Kaufmann 1982); therefore
we assume they are reactive to tactile stimuli through
their feet.

Premise for Efficacy

All vertebrates react to painful or noxious stimuli
(Bateson 1991). Nonlethal techniques that cause di-
rect pain or discomfort generally prompt animals to
move away from the stimulus. However, both intra- and
interspecific responses can vary depending on the situ-
ation, individuals involved, and type of stimulus (e.g.,
Hoffman and Fleshler 1965, Belant et al. 1997, Clark
1998b, Seamans and Blackwell 2011).

Most nonlethal management techniques are de-
signed to evoke a response to a perceived predatory
threat, which provides a strong motivation for animals
to flee (Lima 1988, Keys and Dugatkin 1990, Lima and
Dill 1990, Frid and Dill 2002). Flight from predators
may be innate (Tinbergen 1948), learned, or enhanced



via learning (Curio 1975, Kruuk 1976, Ydenberg and
Dill 1986, Guilford 1990; see also Clark 1998b, Grif-
fin 2004). A vast literature exists showing that prey
response to a predator (i.e., antipredator behavior)
varies due to numerous factors, including time of year
in relation to breeding, frequency of predation risk, dis-
tance to escape cover, approach of the predator, type
of habitat, and behavior of conspecifics (e.g., see Lima
1994, Cresswell et al. 2000, Elchuk and Wiebe 2002,
Caro 2005, Devereux et al. 2006). In addition, humans
represent a threat that generally elicits antipredator
behaviors from most animals (e.g., see Bélanger and
Bédard 1990, Evans and Day 2001, Frid and Dill 2002,
Fernandez-Juricic et al. 2003, Marzluff et al. 2010).
Against birds, the efficacy of scare devices likely de-
pends also on how targeted animals perceive stimuli
relative to energy constraints and risk factors that
affect foraging site selection (Suhonen 1993, Krams
1996, Elchuk and Wiebe 2002, Fernadndez-Juricic and
Tran 2007).

The fate of animals frightened from a targeted area
is often unknown but highly variable. Therefore the
return rate of animals harassed or repelled from tar-
get areas offers a metric for method efficacy. Resident
Canada geese (Branta canadensis) harassed from a park
or residential area generally travel <2 km (1.2 miles)
and eventually return to the original site (Holevinski
et al. 2007, Preusser et al. 2008). Aversive stimuli used
against black bears (Ursus americanus), including non-
lethal methods that caused pain, proved to be fairly
ineffective in preventing bear returns to urban areas
(Beckman et al. 2004). Even incidental disturbances of
nontarget animals have demonstrated that other factors
(i.e., nest defense) can override fear produced via novel
stimuli. For instance, red-cockaded woodpeckers (Picoi-
des borealis) returned to nests on average 4.4-6.3 min
following the firing of 0.50-caliber blank rounds from a
machine gun within 152 m (499 feet) of nests, but they
did not leave nests when experiencing sound-exposure
levels <65 dB SPL at distances >152 m (Delaney et al.
2011). Factors such as breeding season, availability of
natural and anthropogenic food resources, and preda-
tion can clearly interact to diminish or enhance repel-
lent effectiveness. An understanding of the context of
application is critical in determining the types and nec-
essary integration of repellent methods.
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Auditory Repellents
Biosonic Stimuli

Auditory repellents are marketed as either ultrasonic,
sonic, or biosonic calls. Human-made sounds are thought
to frighten birds and therefore rely on the perception of
danger (e.g., risk-disturbance hypothesis for nonlethal
threats; Frid and Dill 2002). Loud (i.e., >90 dB SPL)
sounds may also cause physical distress. The underly-
ing assumptions of biosonic recordings of bird alarm
or distress calls are that (1) birds perceive such calls as
natural warnings that danger is present and will subse-
quently flee (Lima and Dill 1990, Hurd 1996, Goodale
and Kotagama 2008) and (2) birds are not as likely or
will take longer to habituate to alarm and distress calls
than other sounds (e.g., human-made sounds) because
the calls are related to evolutionary signals of danger
(Thompson et al. 1968, Johnson et al. 1985, Bomford
and O’Brien 1990). Cliff swallow (Petrochelidon pyrrho-
nota) nesting activity was reduced 50% when alarm and
distress calls were played in the nesting area (Conklin
et al. 2009). Carrion crows (Corvus corone) responded
to distress calls more than to effigies (Naef-Daenzer
1983). Likewise, Spanier (1980) found that about 88%
of black-crowned night herons (Nycticorax nycticorax)
left aquaculture facilities at the broadcasting of dis-
tress calls, and that no habituation was noted after six
months. Researchers conjectured that herons that did
not respond to distress calls were nonresident herons
that had not established associations with conspecifics
and therefore were not inclined to respond to the calls.

However, response to alarm calls may be species
specific. Goodale and Kotagama (2008) found varia-
tion to response based on species ecology. Cook et al.
(2008) found that unless a lethal element was added
to distress calls, gulls (Laridae) habituated to the calls,
whereas Coates et al. (2010) saw no response from wild
turkeys (Meleagris gallopavo) to alarm calls. European
starlings (Sturnus vulgaris) stopped responding to dis-
tress calls after about seven days when there was no
negative reinforcement (Summers 1985). Additionally,
call complexity may influence inter- and intraspecific
responses (Soard and Ritchison 2009, Courter and
Ritchison 2010, Fallow and Magrath 2010). Alarm and
distress calls, though useful in bird control, are likely
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Fig. 4.1. Biologist firing a pyrotechnic device from a spe-
cially designed pistol. Pyrotechnics are widely recognized
as effective wildlife control tools when used as part of

an integrated control program. Photo credit: Thomas W.

Seamans

limited by context as well as by species behavior and
ecology.

As discussed above, birds cannot hear ultrasonic
sounds. Despite this fact, many ultrasonic devices are
marketed as pest control devices. Bomford and O’Brien
(1990) reviewed multiple studies that indicate ultra-
sonic stimuli are not aversive to birds, rodents, or in-
sects. Although deer can hear in the ultrasonic range
(D’Angelo et al. 2007, Heffner and Heffner 2010), in
field trials they failed to react to ultrasonic devices, pos-
sibly because they were not loud enough for the deer
to hear (Curtis et al. 1997, Belant et al. 1998, Valitzski
et al. 2009).

Pyrotechnics

Pyrotechnics are auditory and visual devices that rely
primarily on an explosion or other loud noise to scare
birds (Mott 1980). The effect of a particular device
might be sound alone or the combination of a par-
ticular sound with the light and smoke from the per-
cussive component. Such devices include rifles and
shotguns that fire live ammunition or blanks, or 12-
gauge shotguns and flare pistols that fire exploding
or noise-making projectiles (e.g., shell crackers, bird
bombs, bird whistles, whistle bombs, or racket bombs;
Fig. 4.1). The use of pyrotechnics to scare birds is
widely recognized as an effective bird management

tool (Booth 1994). The Humane Society of the United
States (Hadidian et al. 1997) recognizes pyrotechnics as
effective and humane scaring devices. Cleary and Dol-
beer (2005) list the use of pyrotechnics as an effective
means of reducing bird hazards at airports. However,
some authors note that birds habituate to pyrotechnics
and other scare devices (Blokpoel 1976, Inglis 1980,
Slater 1980, Summers 1985). Limited lethal control
has been suggested as a means to prolong the efficacy
of pyrotechnic devices or to make the devices effective
again after habituation occurs (Hochbaum et al. 1954,
Slater 1980, Summers 1985, Smith et al. 1999), but lim-
ited empirical data have been provided to support this
supposition. An exception is work by Baxter and Allan
(2008), which showed that shooting some free-flying
gulls at one feeding site enhanced the effectiveness of
pyrotechnics, but that corvids did not respond similarly.
Additionally, Cook et al. (2008) demonstrated that
techniques including a lethal component were more ef-
fective at deterring birds than techniques with no lethal
component. Killing one or more birds may provide the
visual or auditory cue that stimulates a response by con-
specifics (Guilford and Dawkins 1991). The presence of
a dead bird alone can elicit a risk-avoidance response,
but the perception of lethal attack might be a critical
element for improving efficacy of effigies for some spe-
cies (Avery et al. 2002, Seamans 2004, Seamans and
Bernhardt 2004, Seamans et al. 2007b).

Exploders

Gas-operated exploders (e.g., gas cannons or propane
cannons) have been commonly used since the late
1940s to repel pest birds from agricultural fields and
airports (Gilsdorf et al. 2002). An exploder produces
an extremely loud, intermittent explosion that exceeds
the blast of a 12-gauge shotgun, which it is intended to
simulate (Fig. 4.2). The assumption is that birds will as-
sociate the blast with gunfire and flee the area. Conover
(1984) found exploders to be effective at reduéing bird
damage to corn, yet Washburn et al. (2006) found gulls
at an airport did not respond to exploders even when
lethal control with shotguns was conducted at the
same site. Belant et al. (1996a) found that short-term
responses of white-tailed deer to motion-activated ex-
ploders varied seasonally, but that regularly activated
exploders were ineffective. As with other methods,
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Fig. 4.2. Propane exploders have long been used to repel
birds by simulating the sound of a shotgun blast, which
is thought to represent a threat to birds. Photo credit:
Thomas W. Seamans

species-specific responses may vary depending on time
of year, reproductive status, and environment in which
the control tool is being used.

Tactile Repellents

Tactile repellents can be spikes of various designs, elec-
tric shock, tacky or sticky substances, moving or static
wires, or chemical compounds designed to affect pain
or discomfort (see also Chapter 3). In principle, all of
these devices work by creating a painful or uncomfort-
able stimulus for the birds. Although many are listed
for use against multiple bird species in numerous situ-
ations (Hygnstrom et al. 1994), few have been thor-
oughly tested.

Barriers

Spikes and wires in various arrangements are used in
numerous situations, most often as barriers to deter
birds from perching or loafing sites. Avery and Genchi
(2004) evaluated the effectiveness of six different anti-
perching devices consisting of various arrangements of
spikes, monofilament web, or a cone for deterring birds
from perching. No single device was effective for all five
species tested, as birds were able to find perching space
that avoided contact with the spikes of some of the de-
signs. Categorically, larger birds such as owls and vul-
tures require different devices than do smaller species

Fig. 4.3. Perching deterrents often include sharpened

spikes affixed to areas attractive to birds; shown here is
one such deterrent atop an airport sign. Photo credit:
Todd Stewart

(e.g., brown-headed cowbirds [Molothrus ater] and fish
crows [C. ossifragus]). Seamans et al. (2007a) tested an
antiperching wire and a spike-style device in an aviary
setting, both of which were effective against European
starlings, red-winged blackbirds (Agelaius phoeniceus),
common grackles (Quiscalus quiscula), mourning doves
(Zenaida macroura), and rock pigeons (Fig. 4.3).

Conklin et al. (2009) tested surface modifications in
an effort to deter cliff swallows from nesting on high-
way structures. Polyethylene sheeting reduced nest-
ing activity, although swallows were still able to build
nests. However, silicon-based paint did not deter cliff
swallows from nesting (Delwiche et al. 2010). Block-
ing ledges with sheeting or other materials placed at an
angle of 45° or more also excluded birds from nesting
and loafing areas (Williams and Corrigan 1994).

Chemical Applications

Reidinger and Libay (1979) reported that applying glue
on perches near rice fields deterred birds for five to
eight days. Belant (1993) found that roofs with tar sur-
faces reduced herring gull (Larus argentatus) nesting
activity. Clark (1997) reported that starlings avoided
perching on structures that had been treated with one of
several dermal contact repellents that irritated the der-
mis on their feet, demonstrating agitation in response
to 5% oil extracts of cumin, rosemary, and thyme.
Furthermore, starlings avoided perches treated with
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R-limonene, S-limonene, or B-pinene (Clark 1997).
Products such as Hot Foot and Tanglefoot (polybutene-
based repellents), although not based on the above ex-
tracts, are marketed as tactile repellents (Clark 1998b).

Electric Shock

The use of electric shock to keep wildlife from enter-
ing or using specific areas has seen limited field test-
ing. However, the premise that an electrical stimulus
is uncomfortable and that animals will avoid protected
areas has been tested in numerous behavioral experi-
ments with a wide variety of animals. Electric barriers
of various designs have been used against white-tailed
deer (Chapter 5). Smith et al. (1999) suggested using
an electric fence to reduce Canada goose entrance into
protected areas. Seamans and Blackwell (2011) found
that an electrified perch repelled brown-headed cow-
birds and rock pigeons, but that each individual had to
experience the shock, as there was no apparent commu-
nication between flock members that deterred other in-
dividuals from the treated perch. Breck et al. (2006) de-
veloped an electrified repellent device that is activated
by depressing a metal plate that completes a circuit. Al-
though originally developed to deter black bears from
concentrated food sources, it may deter other wildlife
from spatially confined areas requiring protection. As
long as an animal receives the uncomfortable sensation
of an electric shock, it is likely that such a device will be
effective (see Chapter 5 for further discussion). Unless
a salient cue is provided with the stimulus, however,
habituation to the shock could occur, as the electric im-
pulse is not observable (Seamans and Blackwell 2011).

Compressed Air

Blasting air directly onto birds or through hoses that
move rapidly and erratically also have been used to ha-
rass birds from roosting or loafing areas. When air is di-
rected at high velocity and pressure, birds can be forced
to move to alternative sites (White and Jinings 2006).
In addition to the force of the air displacing some birds,
the noise associated with airflow may displace birds
that are not directly impacted, particularly as other
flock members flee and alarm calls are sounded. Un-
like instances when alarm calls alone are used and birds
habituate to them (Summers 1985, Cook et al. 2008),

the physical displacement of birds should reinforce the
alarm calls and reduce potential for habituation.

Summary

The principles behind auditory and tactile repellents
are well founded in the biology of target species and be-
havioral ecology. The basis for the development of these
repellents is the assumption that animals will flee and
avoid treated areas in response to fear-provoking stimuli
(e.g., alarm calls or explosive devices), physical barriers,
or methods producing discomfort or pain. However, key
components of these and other repellents include context
application, association of the treatment with a negative
outcome, and integration with other methods.

An understanding of context relative to method ef-
ficacy is especially important to controlling wildlife in
airport environments, where a variety of noises (e.g.,
high-decibel engines) and visual stimuli (e.g., large
moving objects, flashing lights), generally thought to
be repellent to wildlife, are present and tolerated by
birds and mammals. Research into the ultimate fate of
animals after being targeted by a repellent would al-
low us to discern whether we are solving a problem,
perhaps through dilution, or shifting the problem to
a new site. Additionally, population studies to deter-
mine ultimate effects on survival of local populations
following repeated control activities may be insightful
to managers dealing with groups with opposing opin-
ions about control activities.

LITERATURE CITED

Avery, M. L., and A. C. Genchi. 2004. Avian perching deterrents
on ultrasonic sensors at airport wind-shear alert systems.
Wildlife Society Bulletin 32:718-725.

Avery, M. L., J. S. Humphrey, E. A. Tillman, K. O. Phares, and
J. E. Hatcher. 2002. Dispersing vulture roosts on communi-
cation towers. Journal of Raptor Research 36:45-50.

Bateson, P. 1991. Assessment of pain in animals. Animal Behav-
iour 42:827-839.

Baxter, A. T., and J. R. Allan. 2008. Use of lethal control to
reduce habituation to blank rounds by scavenging birds.
Journal of Wildlife Management 72:1653-1657.

Beckman, J. P., C. W. Lackey, and J. Berger. 2004. Evalua-
tion of deterrent techniques and dogs to alter behavior
of “nuisance” black bears. Wildlife Society Bulletin
32:1141-1146.



Bélanger, L., and J. Bédard. 1990. Energetic cost of man-
induced disturbance to staging snow geese. Journal of
Wildlife Management 54:36-41.

Belant, J. L. 1993. Nest-site selection and reproductive biology
of roof- and island-nesting herring gulls. Transactions of the
North American Wildlife and Natural Resources Confer-
ence 58:78-86.

Belant, J. L., S. K. Ickes, L. A. Tyson, and T. W. Seamans. 1997.
Comparison of four particulate substances as wildlife feed-
ing repellents. Crop Protection 16:439-447.

Belant, J. L., T. W. Seamans, and C. P. Dwyer. 1996a. Evalua-
tion of propane exploders as white-tailed deer deterrents.
Crop Protection 15:575-578.

Belant, J. L., T. W. Seamans, and L. A. Tyson. 1998. Evalua-
tion of electronic frightening devices as white-tailed deer
deterrents. Proceedings of the Vertebrate Pest Conference
18:107-110.

Belant, J. L., T. W. Seamans, L. A. Tyson, and S. K. Ickes.
1996b. Repellency of methyl anthranilate to pre-exposed
and naive Canada geese. Journal of Wildlife Management
60:923-928.

Biedenweg, T. A., M. H. Parsons, P. A. Flemming, and D. T.
Blumstein. 2011. Sounds scary? Lack of habituation follow-
ing the presentation of novel sounds. PLoS ONE 6:1-8,
doi:10.1371/journal.pone.0014549.

Biondi, K. M., J. L. Belant, J. A. Martin, T. L. DeVault, and G.
Wang. 2011. White-tailed deer incidents with U.S. civil
aircraft. Wildlife Society Bulletin 35:303-309.

Blokpoel, H. 1976. Bird hazards to aircraft. Books Canada, Buf-
falo, New York, USA.

Bomford, M., and P. H. O’Brien. 1990. Sonic deterrents in ani-
mal damage control: a review of device tests and effective-
ness. Wildlife Society Bulletin 18:411-422.

Booth, T. W. 1994. Bird dispersal techniques. Pages E19-E24
in S. E. Hygnstrom, R. M. Timm, and G. E. Larson, editors.
Prevention and control of wildlife damage. University of
Nebraska-Lincoln, Lincoln, USA.

Breck, S. W., N. Lance, and P. Callahan. 2006. A shocking de-
vice for protection of concentrated food sources from black
bears. Wildlife Society Bulletin 34:23-26.

Caro, T. 2005. Antipredator defenses in birds and mammals.
Chicago University Press, Chicago, Illinois, USA.

Clark, L. 1997. Dermal contact repellents for starlings: foot
exposure to natural plant products. Journal of Wildlife
Management 61:1352-1358.

Clark, L. 1998a. Physiological, ecological, and evolutionary
bases for the avoidance of chemical irritants by birds. Pages
1-37 in V. Nolan and E. Ketterson, editors. Current orni-
thology. Volume 14. Plenum, New York, New York, USA.

Clark, L. 1998b. Review of bird repellents. Proceedings of the
Vertebrate Pest Conference 18:330-337.

Cleary, E. C., and R. A. Dolbeer. 2005. Wildlife hazard manage-
ment at airports: a manual for airport personnel. Second
edition. Federal Aviation Administration, Office of Airport
Safety and Standards, Washington, D.C., USA.

TACTILE AND AUDITORY REPELLENTS 43

Coates, R., M. J. Delwiche, W. P. Gorenzel, and T. P. Salmon.
2010. Evaluation of damage by vertebrate pests in California
vineyards and control of wild turkeys by bioacoustics. Hu-
man-Wildlife Interactions 4:130-144.

Conklin, J. S., M. J. Delwiche, W. P. Gorenzel, and R. W.
Coates. 2009. Deterring cliff swallow nesting on highway
structures using bioacoustics and surface modifications.
Human-Wildlife Conflicts 3:93-102.

Conover, M. R. 1984. Comparative effectiveness of avitrol,
exploders, and hawk-kites in reducing blackbird damage to
corn. Journal of Wildlife Management 48:109-116.

Conover, M. R. 2001. Effect of hunting and trapping on wildlife
damage. Wildlife Society Bulletin 29:521-532.

Cook, A., S. Rushton, J. Allan, and A. Baxter. 2008. An evalu-
ation of techniques to control problem bird species on
landfill sites. Environmental Management 41:834-843.

Coolahan, C. C., and S. Snider. 1998. Amendment 14 —Colorado’s
anti-trapping initiative, a history and perspective on impacts.
Proceedings of the Vertebrate Pest Conference 18:131-137.

Courter, J. R., and G. Ritchison. 2010. Alarm calls of tufted
titmice convey information about predator size and threat.
Behavioral Ecology 21:936-942.

Cresswell, W., G. M. Hilton, and R. D. Ruxton. 2000. Evidence
for a rule governing the avoidance of superfluous escape
flights. Proceedings of the Royal Society B 267:733-737.

Curio, E. 1975. The functional organization of anti-predator
behaviour in the pied flycatcher: a study of avian visual
perception. Animal Behaviour 23:1-115.

Curtis, P. D., C. Fitzgerald, and M. E. Richmond. 1997. Evalua-
tion of the Yard Gard ultrasonic yard protector for repelling
white-tailed deer. Proceedings of the Eastern Wildlife Dam-
age Control Conference 7:172-176.

D’Angelo, G. J., A. R. De Chicchis, D. A. Osborn, G. R. Gal-
lagher, R. J. Warren, and K. V. Miller. 2007. Hearing range
of white-tailed deer as determined by auditory brainstem
response. Journal of Wildlife Management 74:1238-1242.

Delaney, D. K., L. L. Pater, L. D. Carlile, E. W. Spadgenske,

T. A. Beaty, and R. H. Melton. 2011. Response of red-
cockaded woodpeckers to military training operations.
Wildlife Monographs 177:1-38.

Delwiche, M. ]., R. W. Coates, W. P. Gorenzel, and T. P.
Salmon. 2010. Improved methods for deterring cliff
swallow nesting on highway structures. Human-Wildlife
Interactions 4:293-303.

DeVault, T. L., J. L. Belant, B. F. Blackwell, and T. W. Seamans.
2011. Interspecific variation in wildlife hazards to aircraft:
implications for airport wildlife management. Wildlife
Society Bulletin 35:394-402.

Devereux, C. L., M. ]. Whittingham, E. Fernandez-Juricic,

J. A. Vickery, and J. R. Krebs. 2006. Predator detection and
avoidance by starlings under differing scenarios of preda-
tion risk. Behavioral Ecology 17:303-309.

Dolbeer, R. A., N. R. Holler, and D. W. Hawthorne. 1995. Iden-
tification and control of wildlife damage. Pages 474-506
in T. A. Bookhout, editor. Research and management



44 WILDLIFE MANAGEMENT TECHNIQUES

techniques for wildlife and habitats. The Wildlife Society,
Bethesda, Maryland, USA.

Dooling, R. J. 1978. Behavior and psychophysics of hearing in
birds. Journal of the Acoustical Society of America 64:51-S4.

Dooling, R. J. 1982. Auditory perception in birds. Pages 95-130
in D. E. Kroodsma and E. H. Miller, editors. Acoustic com-
munication in birds. Volume 1. Academic Press, New York,
New York, USA.

Dooling, R. J., B. Lohr, and M. L. Dent. 2000. Hearing in birds
and reptiles. Springer Handbook of Auditory Research
13:308-359.

Durrant, J. D., and J. H. Lovrinic. 1984. Basis of hearing sci-
ence. Williams and Wilkins, Baltimore, Maryland, USA.

Elchuk, C. L., and K. L. Wiebe. 2002. Food and predation risk
as factors related to foraging locations of northern flickers.
Wilson Bulletin 114:349-357.

Evans, D. M., and K. R. Day. 2001. Does shooting disturbance
affect diving ducks wintering on large shallow lakes? A
case study on Lough Neagh, Northern Ireland. Biological
Conservation 98:315-323.

Fallow, P. M., and R. D. Magrath. 2010. Eavesdropping on other
species: mutual interspecific understanding of urgency infor-
mation in avian alarm calls. Animal Behaviour 79:411-417.

Fay, R. R. 1988. Hearing in vertebrates: a psychophysics data-
book. Hill-Fay Associates, Winnetka, Illinois, USA.

Fay, R. R,, and A. N. Popper. 2000. Evolution of hearing in ver-
tebrates: the inner ears and processing. Hearing Research
149:1-10.

Fay, R. R., and L. A. Wilber. 1989. Hearing in vertebrates: a
psychophysics databook. Journal of the Acoustical Society
of America 86:2044.

Ferndndez-Juricic, E., A. Sallent, R. Sanz, and I. Rodriguez-
Prieto. 2003. Testing the risk-disturbance hypothesis in a
fragmented landscape: nonlinear response of house spar-
rows to humans. Condor 105:316-326.

Fernindez-Juricic, E., and E. Tran. 2007. Changes in vigilance
and foraging behaviour with light intensity and their effects
on food intake and predator detection in house finches.
Animal Behaviour 74:1381-1390.

Frid, A., and L. M. Dill. 2002. Human-caused disturbance
stimuli as a form of predation risk. Conservation Ecology
6:11. http//www.consecol.org/vol6/iss1/art1l.

Gill, F. B. 2007. Ornithology. Third edition. W. H. Freeman,
New York, New York, USA.

Gilsdorf, J. M., S. E. Hygnstrom, and K. C. VerCauteren. 2002.
Use of frightening devices in wildlife damage management.
Integrated Pest Management Reviews 7:29—-45.

Goodale, E., and S. W. Kotagama. 2008. Response to con-
specifics and heterospecific alarm calls in mixed-species
bird flocks of a Sri Lankan rainforest. Behavioral Ecology
19:887-894.

Griffin, A. S. 2004. Social learning about predators: a review
and prospectus. Learning and Behavior 32:131-140.

Guilford, T. 1990. The evolution of aposematism. Pages 23-61
in D. Evans and J. O. Schmidt, editors. Insect defenses:

adaptive mechanisms and strategies of prey and predators.
State University of New York Press, Albany, USA.

Guilford, T., and M. S. Dawkins. 1991. Receiver psychology and
the evolution of animal signals. Animal Behaviour 42:1-14.

Hadidian, J., G. R. Hodge, and J. W. Grandy. 1997. Wild neigh-
bors: the humane approach to living with wildlife. Humane
Society of the United States. Fulcrum Publishing, Golden,
Colorado, USA.

Heffner, H., Jr., and H. E. Heffner. 2010. The behavioral audio-
gram of whitetail deer (Odocoileus virginianus). Journal of
the Acoustical Society of America 127:EL111-EL114.

Heffner, H. E. 1998. Auditory awareness. Applied Animal
Behaviour Science 57:259-268.

Heffner, H. E., and R. S. Heffner. 1992. Auditory perception.
Pages 159-184 in C. Phillips and D. Piggins, editors. Farm
animals and the environment. C.A.B. International, Wall-
ingford, United Kingdom.

Hochbaum, H. A., S. T. Dillon, and J. L. Howard. 1954, An
experiment in the control of waterfow] depredations.
Transactions of the North American Wildlife Conference
19:176-185.

Hoffman, H. S., and M. Fleshler. 1965. Stimulus aspects
of aversive controls: the effects of response contingent
shock. Journal of the Experimental Analysis of Behavior
8:89-96.

Holevinski, R. A., P. D. Curtis, and R. A. Malecki. 2007. Hazing
of Canada geese is unlikely to reduce nuisance populations
in urban and suburban communities. Human-Wildlife Con-
flicts 1:257-264.

Hurd, C. R. 1996. Interspecific attraction to the mobbing calls
of black-capped chickadees (Parus atricapillus). Behavioral
Ecology and Sociobiology 38:287-292.

Hygnstrom, S. E., R. M. Timm, and G. E. Larson. 1994.

Birds. Pages E1-E3 in S. E. Hygnstrom, R. M. Timm, and
G. E. Larson, editors. Prevention and control of wildlife
damage. University of Nebraska-Lincoln, Lincoln, USA.

Inglis, I. R. 1980. Visual bird scarers: an ethological approach.
Pages 121-143 in E. N. Wright, L. R. Inglis, and C. ]. Feare,
editors. Bird problems in agriculture. British Crop Protec-
tion Council, London, United Kingdom.

Johnson, R. J., P. H. Cole, and W. W. Stroup. 1985. Starling
response to three auditory stimuli. Journal of Wildlife Man-
agement 49:620-625.

Kaufmann, J. H. 1982. Raccoon and allies. Pages 567~585 in
J. A. Chapman and G. A. Feldhamer, editors. Wild mam-
mals of North America. Johns Hopkins University Press,
Baltimore, Maryland, USA.

Keys, G. C., and L. A. Dugatkin. 1990. Flock size and position
effects on vigilance, aggression, and prey capture in the
European starling. Condor 92:151-159.

Krams, I. A. 1996. Predation risk and shifts of foraging sites in
mixed willow and crested tit flocks. Journal of Avian Biol-
ogy 27:153-156.

Kruuk, H. 1976. The biological function of gulls’ attraction
towards predators. Animal Behaviour 24:146-153.



Lima, S. L. 1988. Initiation and termination of daily feeding in
dark-eyed juncos: influences of predation risk and energy
reserves. Oikos 53:3-11.

Lima, S. L. 1994. Collective detection of predatory attack by
birds in the absence of alarm signals. Journal of Avian Biol-
ogy 25:319-326.

Lima, S. L., and L. M. Dill. 1990. Behavioral decisions made
under the risk of predation: a review and prospectus. Cana-
dian Journal of Zoology 68:619-640.

Marzluff, J. M., J. Walls, H. N. Cornell, J. C. Withey, and
D. P. Craig. 2010. Lasting recognition of threatening
people by wild American crows. Animal Behaviour
79:699-707.

Mason, J. R., M. A. Adams, and L. Clark. 1989. Anthranilate
repellency to starlings: chemical correlates and sensory
perception. Journal of Wildlife Management 53:55-65.

Mott, D. F. 1980. Dispersing blackbirds and starlings from
objectionable roost sites. Proceedings of the Vertebrate Pest
Conference 9:38-42.

Naef-Daenzer, L. 1983. Scaring of carrion crows (Corvus corone
corone) by species-specific distress calls and suspended bod-
ies of dead crows. Proceedings of the Bird Control Seminar
9:91-95.

Phelps, S. M. 2007. Sensory ecology and perceptual allocation:
new prospects for neural networks. Philosophical Transac-
tions of the Royal Society B 362:355-367.

Preusser, S. E., T. W. Seamans, A. L. Gosser, and R. B. Chip-
man. 2008. Evaluation of an integrated non-lethal
Canada goose management program in New York
(2004-2006). Proceedings of the Vertebrate Pest Con-
ference 23:66-73.

Reidinger, R. F., Jr., and J. L. Libay. 1979. Perches coated with
glue reduce bird damage in ricefield plots. Bird Control
Seminars 8:201-206.

Ryals, B. M, R. J. Dooling, E. Westbrook, M. L. Dent, A.
MacKenzie, and O. N. Larsen. 1999. Avian species differ-
ences in susceptibility to noise exposure. Hearing Research
131:71-88.

Schwartzkopff, J. 1973. Mechanoreception. Pages 417-477 in

D. S. Farner and J. R. King, editors. Avian biology. Volume 3.

Academic Press, New York, New York, USA.

Seamans, T. W. 2004. Response of roosting turkey vultures to a
vulture effigy. Ohio Journal of Science 104:136-138.

Seamans, T. W., S. C. Barras, and G. E. Bernhardt. 2007a.
Evaluation of two perch deterrents for starlings, blackbirds
and pigeons. International Journal of Pest Management
53:45-51.

Seamans, T. W., and G. E. Bernhardt. 2004. Response of
Canada geese to a dead goose effigy. Proceedings of the
Vertebrate Pest Conference 21:104-106.

Seamans, T. W., and B. F. Blackwell. 2011. Electric shock strips
as bird deterrents: does experience count? International
Journal of Pest Management 57:357-362.

Seamans, T. W., and D. A. Helon. 2008. Evaluation of an
electrified mat as a white-tailed deer (Odocoileus virgin-

TACTILE AND AUDITORY REPELLENTS 45

ianus) barrier. International Journal of Pest Management
54:89-94.

Seamans, T. W., C. R. Hicks, and K. J. Preusser. 2007b. Dead
bird effigies: a nightmare for gulls? Proceedings of the 9th
joint annual meeting. Bird Strike Committee-USA/Canada,
11 September 2007, Kingston, Ontario, Canada.

Slater, P. J. B. 1980. Bird behaviour and scaring by sounds.
Pages 105-114 in E. N. Wright, I. R. Inglis, and C. J. Feare,
editors. Bird problems in agriculture. British Crop Protec-
tion Council, London, United Kingdom.

4 Smith, A. E., S. R. Craven, and P. D. Curtis. 1999. Managing

Canada geese in urban environments. Jack Berryman Insti-
tute Publication 16. Cornell Cooperative Extension, Ithaca,
New York, USA.

Soard, C. M., and G. Ritchison. 2009. ‘Chick-a-dee’ calls of Car-
olina chickadees convey information about degree of threat
posed by avian predators. Animal Behaviour 78:1447-1453.

Spanier, E. 1980. The use of distress calls to repel night herons
(Nycticorax nycticorax) from fish ponds. Journal of Applied
Ecology 17:287-294.

Stebbins, W. C. 1983. The acoustic sense of animals. Harvard
University Press, Cambridge, Massachusetts, USA.

Stettenheim, P. 1972. The integument of birds. Pages 1-63 in
D. S. Farner and J. R. King, editors. Avian biology. Volume 2.
Academic Press, New York, New York, USA.

Stone, J. S., and E. W. Rubel. 2000. Cellular studies of auditory
hair cell regeneration in birds. Proceedings of the National
Academy of Sciences 97:11,714-11,721.

Suhonen, J. 1993. Predation risk influences the use of foraging
sites by tits. Ecology 74:1197-1203.

Summers, P. D., G. M. Cunnington, and L. Fahrig. 2011. Are
the negative effects of roads on breeding birds caused by
traffic noise? Journal of Applied Ecology 48:1527-1534.

Summers, R. W. 1985. The effect of scarers on the presence of
starlings (Sturnus vulgaris) in cherry orchards. Crop Protec-
tion 4:520-528.

Thompson, R. D., C. V. Grant, E. W. Pearson, and G. W. Corner.
1968. Cardiac response of starlings to sound: effects of light-
ing and grouping. American Journal of Physiology 214:41-44.

Tinbergen, N. 1948. Social releasers and the experimental
method required for their study. Wilson Bulletin 60:6-51.

Torres, S. G., T. M. Mansfield, J. E. Foley, T. Lupo, and A.
Brinkhaus. 1996. Mountain lion and human activity in
California: testing speculations. Wildlife Society Bulletin
24:451-460.

Tremere, L., T. P. Hicks, and D. D. Rasmusson. 2001. Role of
inhibition in cortical reorganization of the adult raccoon
revealed by microiontophoretic blockade of GABA, recep-
tors. Journal of Neurophysiology 86:94-103.

Valitzski, S. A., G. J. D’Angelo, G. R. Gallagher, D. A. Osborn,
K. V. Miller, and R. J. Warren. 2009. Deer responses to
sounds from a vehicle-mounted sound-production system.
Journal of Wildlife Management 73:1072-1076.

Washburn, B. E., R. B, Chipman, and L. C. Francoeur. 2006.
Evaluation of bird response to propane exploders in an



46 WILDLIFE MANAGEMENT TECHNIQUES

airport environment. Proceedings of the Vertebrate Pest
Conference 22:212-215.

White, R., and N. Jinings. 2006. Airport canopies become
starling roosts—two airport case studies. Proceedings of
the 8th joint annual meeting. Bird Strike Committee—USA/
Canada, 21-24 August 2006, St. Louis, Missouri, USA.

Williams, D. E., and R. M. Corrigan. 1994. Pigeons (rock
doves). Pages E87-E96 in S. E. Hygnstrom, R. M. Timm,
and G. E. Larson, editors. Prevention and control of
wildlife damage. University of Nebraska-Lincoln, Lin-
coln, USA.

Ydenberg, R. C., and L. M. Dill. 1986. The economics of fleeing
from predators. Advances in the Study of Avian Behaviour
16:229-249.



	University of Nebraska - Lincoln
	DigitalCommons@University of Nebraska - Lincoln
	2013

	Wildlife in Airport Environments: Chapter 4 Tactile and Auditory Repellents to Reduce Wildlife Hazards to Aircraft
	Thomas W. Seamans
	James A. Martin
	Jerrold L. Belant

	wla001
	wla002
	wla003
	wla004
	wla005
	wla006
	wla007
	wla008
	wla009
	wla010

