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Executive summary
Animal/vehicle collisions are a concern in many countries because collisions raise
economic, welfare and conservation issues, which have gained momentum with
evidence that the number of collisions is increasing.  Collisions between animals and
vehicles are caused when animals and vehicles occur in the same place at the same
time.  The three broad factors that bring animals and vehicles together, creating the
potential for roadway collisions, are the attributes of the road, the behaviour of the
animal and the behaviour of the driver.

Kangaroos are considered a pest species throughout Australia, in part because they
collide with road vehicles.  Although human fatalities from kangaroo/vehicle
collisions are rare, it has been estimated that a kangaroo causes a similar amount of
damage to a vehicle as does a deer (A $3000 / vehicle).  Eastern grey kangaroos,
western grey kangaroos, red kangaroos, swamp wallabies and red-necked wallabies
are the most commonly hit species throughout most of Australia.

The methods available to reduce the number of animal/vehicle collisions can be
divided into those that 1) minimize vehicle damage, and those that 2) avoid collisions.
One popular method of avoiding collisions is the use of sonic deterrents, such as the
Shu Roo.  The Shu Roo is an ultrasonic deterrent device that claims it warns
kangaroos of impending danger, enabling them to flee from the path of the vehicle.

This study tested the efficacy of the Shu Roo.  Tests were limited to eastern grey
kangaroos and red kangaroos.  Efficacy was measured by systematically testing the
claims made by the manufacturer in a static and dynamic environment.  This included
characterizing the Shu Roo signal in the lab and field, measuring captive kangaroo
behavioural response in static trials, and comparing the rate of kangaroo/vehicle
collisions for vehicles fitted and not fitted with a Shu Roo.

Lab tests found the Shu Roo signal was composed of a mix of audible and ultrasonic
frequencies with a short syllable (<0.6 s) that was repeated approximately two times
per second.  Static field trials showed that the Shu Roo propagation patterns were
similar on grass and bitumen surfaces, with the Shu Roo signal just detectable at
50 m.  Recordings made during dynamic drive by tests of four vehicle types at
different speeds showed the Shu Roo signal was not detectable above the noise
produced by the moving vehicle and therefore there was no difference between the
Shu Roo on and off.

Behavioural observations of eastern grey kangaroos and red kangaroos in captivity
showed that vigilance response did not differ significantly between Shu Roo on and
off for either kangaroo species and they did not take flight in response to the Shu Roo.

A survey conducted by phone enlisted 17 companies that participated in the road
survey from four states, New South Wales, Queensland, Victoria and Western
Australia.  All participants traveled large distances.  There were 58 treatment vehicles
fitted with a Shu Roo and 40 control vehicles without the Shu Roo.  Collision records
showed that very few vehicles hit kangaroos and there was no difference in the
number of kangaroos hit by vehicles fitted with or without a Shu Roo.
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Conclusion
The promotional literature proclaiming the scientifically proven efficacy of this
ultrasonic deterrence device, the Shu Roo, grossly exaggerates its capabilities.  The
results of the signal characteristics and behavioural responses generate four clear
conclusions:

• The Shu Roo is not purely ultrasonic.
• The Shu Roo does not produce sound that is detectable at 400 m.
• The Shu Roo does not alter the behaviour of either eastern grey kangaroos or red

kangaroos.
• The Shu Roo makes no difference to the number of kangaroos hit when fitted to

vehicles.
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Introduction
Animal/vehicle collisions are an unfortunate by-product of the technological
revolution that produced motorized vehicles.  These collisions occur throughout the
world where both animals and vehicles use roadways.  The occurrence of
animal/vehicle collisions raises economic, welfare and conservation issues, and
concern over these issues has gained momentum with evidence that the number of
collisions is increasing (e.g., Fehlberg 1994; Romin & Bissonnette 1996; Clarke et al.
1998).  It is believed that the rise in collision rates is largely due to the increasing
number of roads (Unsworth et al. 1993; Debruijn 1994; Mace et al. 1996), and the
upgrading of roads, which has resulted in increased vehicle speed (Jones 1994) and
volume (Drews 1995; Fahrig et al. 1995; Bruinderink & Hazebroek 1996) on
roadways.  However, documentation of collisions is often sketchy and incomplete,
suggesting that the rate of animal/vehicle collisions, damage to vehicles and injury to
animals may all be greater than estimated (e.g., Romin & Bissonnette 1996;
Committee 1997; Philcox et al. 1999).

The economic costs of animal/vehicle collisions can be considerable when large
animals are involved.  For example, in 1993 it was estimated that US $280 million
worth of property damage resulted from collisions with deer in Germany each year
(Putman 1997).  Similarly, Cook and Dagget (1995 cited by Hubbard et al. 2000)
estimated the national cost of collisions with deer in the U.S.A. was US $1.2 billion.
In Australia, the National Road and Motorists’ Association (NRMA) estimated that
the cost of animal/vehicle collisions, including injuries to humans and property
damage, at A $10 million in 1998 (Cooper 1998).

The risk to humans from animal/vehicle collisions depends greatly on the species of
animal involved.  Large animals, particularly large ungulates such as moose (Alces
alces), pose greater risk of serious injury to the vehicle occupants than smaller
animals such as frogs or snakes.  The mean annual number of humans killed or
injured in collisions between ungulates and vehicles in Europe (excluding Russia) has
been estimated at 507,000 (Bruinderink & Hazebroek 1996).  In Australia, 3296
animal/vehicle collisions were reported to police between 1990 and 1994 because
they fit police criteria, the vehicle either needed to be towed or humans were injured
(Committee 1997).

Many taxa are effected by vehicle collisions: invertebrates (e.g., Bennett 1991; Riffell
1999; Trombulak & Frissell 2000), amphibians and reptiles (e.g., Hodson 1966;
Fahrig et al. 1995; Ashley & Robinson 1996), birds (e.g., Reijnen et al. 1995;
Massemin & Zorn 1998; Newton et al. 1999), and mammals (e.g., Caro et al. 2000;
Huijser & Bergers 2000; Trombulak & Frissell 2000).  The number of animal deaths
as a result of animal/vehicle collisions is undoubtedly large.  In New South Wales,
381 individuals from 80 species were killed on sealed roads in a six-week period
(Cooper 1998), and in just one year (1982) it was estimated that 313,338 individuals
of one species, the white-tailed deer (Odocoileus virginianus), were killed in one state
of the U.S.A. (Pennsylvania) (Bashore et al. 1985).  Animals that are involved in a
vehicle collision may suffer minor injuries that they recover from or later die of, or
may be immobilized and require treatment (if available), or die immediately.  The
number of animals that recover or die some time after an encounter with a vehicle has
not been quantified.
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Threatened and endangered species are at particular risk from the increasing rate of
animal deaths due to animal/vehicle collisions.  For example the extinction of a
population of brush tail rock wallabies (Petrogale penicillata) in the Warrumbungle
Ranges, N.S.W., has been attributed to the construction of a road at the base of a
mountain near the population (Fox 1982.).  Similarly, mortality of the threatened
Florida scrub-jay (Aphelocoma coerulescens) is higher in territories beside roads than
in non-road territories (Mumme et al. 2000).  The midwife toad (Alytes obstetricans),
the blue throat (Luscinia svecica), the little horseshoe bat (Rhinolophus hipposideros),
and the European otter (Lutra lutra) are all rare or endangered species that are
impacted by animal/vehicle collisions (Lode 2000) and face an increased risk of
extinction if the rate of animal/vehicle collision rates is left unchecked.

Causes of animal/vehicle accidents
Collisions between animals and vehicles are caused when both occur in the same
place at the same time.  The three broad factors that bring animals and vehicles
together creating the potential for roadway collisions are the attributes of the road, the
behaviour of the animal and the behaviour of the driver.  Road verges function as
sources of food and water for species such as the grizzly bear (Ursus arctos horribilis)
(Mace et al. 1996), swamp wallaby (Wallabia bicolor) (Osawa 1989) and amphibians
including the leopard frog (Rana pipiens), bullfrog (Rana catesbeiana), green frog
(Rana esculenta), and American toad (Bufo americanus) (Ashley & Robinson 1996).
Bird species such as the barn owl (Tyto alba) (Debruijn 1994) the Florida scrub jay
(Mumme et al. 2000), and the cedar waxwing (Bombycilla cedrorum) (Dowler &
Swanson 1982) all use road verges for nesting.

There are also characteristics about the road itself, either gravel or bitumen, which
may be attractive to animals.  For example, Galahs (Cacatua roseicapilla) consume
grains spilled on roads (Coulson 1985), while deer, moose and caribou (Rangifer
tarandus) come to roads to consume salt that is spread to remove ice from roadways
(Ladan 1998; Brown et al. 2000).  Carrion from other animal/vehicle collisions may
also attract scavengers (Green et al. 1997; Massemin & Zorn 1998; Newton et al.
1999).  Ephemeral puddles formed after rain are used by some species, such as
western grey kangaroos (Macropus fuliginosus), as a temporary water resource
(Coulson 1993).  Gravel and debris may be consumed by some bird species as a
source of grit (Bennett 1991) or used as a sand bath.  Lizards, snakes, and insects, on
the other hand, use roads to heat bathe (Bennett 1991; Rosen & Lowe 1994; Ashley &
Robinson 1996).

In addition to these attractive characteristics of roads, structures over roads may result
in higher collision rates because animals are forced from verges onto roads.  For
example, bridges were believed to have funneled white-tailed deer onto roadways in
Iowa because more accidents occurred in the presence of bridges (Hubbard et al.
2000).  Increased vehicle volume and speed may also increase animal/vehicle
collision rates.  For example, on North Stradbroke Island, Queensland, an increase in
vehicle volume coincided with increased road mortality of swamp wallabies (Osawa
1989).  Similarly, road deaths of badgers (Meles meles) were six times greater on dual
carriageways or single lane principle and minor routes (Class A and Class B) than
roads with one shared lane (Class C) in the U.K. (Clarke et al. 1998).
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Vehicle speed is generally lower on unsealed road surfaces compared with roads
surfaced with bitumen.  Resurfacing the road increased vehicle speed and the number
of road kills on the Tanzania-Zambia highway where it crosses Mikumi National
Park, Africa.  Vehicles killed a total of 183 mammals, birds and reptiles from at least
52 species, including the endangered African elephant (Loxodonta africana) and the
African hunting dog (Lycaon pictus) (Drews 1995).  Similarly, widening and
resurfacing of the northern entrance road to Cradle Mountain Lake-St. Clair National
Park in Tasmania road resulted in increased vehicle volume and speed and increased
road kills of Tasmanian devils (Sarcophilus harrisii) and eastern quolls (Dasyurus
viverrinus) (Jones 2000).

The behaviour of animals is the second element that results in their presence on
roadways and their involvement in vehicle collisions.  Movements associated with
breeding, dispersal, and migration may result in road crossings.  Road deaths as a
result of these movements are highly seasonal.  Ontario snapping turtles (Chelydra
serpentina) are an example where annual nesting movement patterns result in road
crossing, causing the death of 31% of all turtles observed crossing roads (Haxton
2000).  Similarly, dispersal, rutting, calving and migration of ungulates in Europe
often result in road deaths (Bruinderink & Hazebroek 1996; Putman 1997).  Other
seasonal activity patterns can also bring animals in contact with roadways.  For
example, the Armadillo (Dasypus novemcinctus) in central Florida is more diurnal
and less active in winter, and the reverse in summer, lowering the chance of being
killed by vehicles in winter, and doubling it in summer (Inbar & Mayer 1999).
Drought can have similar effects, as animals in dry conditions often move on to road
edges where water collects and food is more abundant (Tartowski 1985; Coulson
1989) or cross roadways while trying to locate alternate water and food sources.

Lunar and diel cycles also affect animal movement patterns.  Many animals become
more active during a full moon, increasing the likelihood of animal/vehicle collisions.
For example, more wombats (Lasiorhinus latifrons) were killed on roads near the
time of a full moon (Tartowski 1985).  Nocturnal species tend to be more difficult to
see when on roadways at night, thereby increasing the risk of a collision regardless of
the amount of highway lighting.  Ungulates (Bruinderink & Hazebroek 1996) and
owls (Massemin & Zorn 1998) are examples of nocturnal species that are involved in
road collisions.  The same is true for crepuscular species such as the swamp wallaby
(Osawa 1989).

The third element, which brings animals and vehicles together in collisions, is driver
behaviour.  Driver behaviour, like animal behaviour, may be affected by seasonal
patterns.  For example, in the Northern Hemisphere, snow and ice on the road in
winter reduces driving speeds (Bruinderink & Hazebroek 1996) and presumably
decreases the likelihood of animal/vehicle collisions.  High traffic speed is considered
one of the main causes of collisions with animals (Pojar et al. 1975; Case 1978).
Driver experience and awareness can also have an effect on the likelihood of a
collision.  New drivers, or those unfamiliar with the country or roadways, are more
likely to be involved in collisions with animals (Committee 1997).  This is
particularly true for tourists who may be unaware of ‘hot-spots’ where collisions
occur frequently (Woodward 1994; Committee 1997).
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Mitigation methods available
There are a variety of mitigation methods available to reduce the number of
animal/vehicle collisions.  Methods can be divided into two categories: 1) minimizing
vehicle damage, and 2) avoiding collisions.  The main method of vehicle protection is
the use of impact bars.  They are successful in minimizing damage to the vehicle, but
vehicles with impact bars inflict increased damage to other vehicles in minor
accidents (Jones 1994; Sparke 1994) and pedestrians are thrown onto the road from a
greater height, resulting in more deaths (Jones 1994; Tomas 1994).  Also, the rigid
structure of impact bars may effect the crash pulse, which is used to trigger the
restraint system (Tomas 1994) and the airbag sensor function (Jones 1994; Sparke
1994), resulting in reduced passenger protection.  The role of impact bars is
contentious, and some suggest that they should be limited to areas with few
pedestrians (e.g., Bollinger 1994; Tomas 1994).

Methods that aim to avoid collisions with wildlife may be sub-divided into methods
that: a) obstruct or redirect animal movement, b) warn drivers of animal presence, or
c) those that warn animals of vehicle presence.  Fences are the main method of
limiting or redirecting the movement of animals when they approach roadways.
Fences have been used to control the road crossing of deer (Putman 1997), moose
(Lavsund & Sandegren 1991), elk (Cervus elaphus) (Knight et al. 1997) and other
smaller animals such as the Hermann’s Tortoise (Testudo hermanni) (Guyot &
Clobert 1997).  Breaks in fences must be provided, otherwise animals such as deer
may force fences and become trapped on the roadway.  Fences may be modified to
have one-way gates leading off the road to assist animals that have become trapped
(Putman 1997).  Culverts, underpasses or overpasses have been combined with
fencing to reduce road mortality of migrant field mice (Apodemus sylvaticus) and
common toads (Bufo bufo) in western France from 100% to 31% and 23%,
respectively (Lode 2000).  Underpasses have also been used successfully for ungulate
species (e.g., Reed 1981; Pedevillano & Wright 1987), as well as various other
mammals including carnivores (e.g., Fehlberg 1994; Foster & Humphrey 1995;
Clevenger & Waltho 2000), although the smaller underpasses inhibit movement
(Reed 1981).  Crosswalks have also been trialled successfully with mule deer
(Odocoileus hemionus) (Lehnert & Bissonette 1997).

Methods that warn drivers of the potential presence of animals on roadways tend to
use visual cues.  The efficacy of these visual cues varies.  Wildlife road signs are the
most common method of warning drivers of wildlife presence, but there is no
evidence that they reduce vehicle speed or collision rates with ungulates in Europe
(Bruinderink & Hazebroek 1996) or in the U.S.A. (Pojar et al. 1975).  In contrast, the
presence of deer carcasses on roadsides in the U.S.A. did reduce driver speed (Pojar et
al. 1975).

Methods that warn the animal of an approaching vehicle can use either visual or sonic
cues.  Warning reflectors are visual devices mounted on roadsides, catching the light
of oncoming traffic and reflecting it towards road verges where animals may be
feeding, thereby deterring them from moving onto the roadway until the vehicle has
passed.  The light may be dispersed such that a warning flash is reflected, as in the
Van de Ree reflector, or so that a continuous barrier of light is created, such as the
Swareflex or Wegu wildlife reflectors.  Trials in the U.S.A., found the Van de Ree
reflectors to be less effective than the continuous reflectors because of corrosion of
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the device and rapid habituation by deer (Gilbert 1982, cited by Schafer & Penland
1985).  The efficacy of the Swareflex and Wegu reflectors is unclear.  Schafer and
Penland (1985) found Swareflex reflectors to significantly reduce the number of white
tailed deer and mule deer that were killed in vehicle accidents in the U.S.A.  In
contrast, Waring et al. (1991); Reeve & Anderson (1993); and Ujvari et al. (1998)
found that Swareflex and Wegu wildlife reflectors had no effect on the number of
deer killed in the U.S.A. and Denmark, respectively.  Even if effective, reflectors are
limited in that they operate only after dark, and are likely to be most effective when
deployed on roadways with low traffic volume so that there are breaks in the traffic
allowing deer and other animals to cross.

Like visual avoidance methods, there are a variety of auditory devices that claim to
mitigate animal/vehicle collisions.  Most manufacturers claim their device produces a
high frequency or ultrasonic signal.  Some claim that these frequencies cause pain
(e.g., Domico 1993; French 1996) which is true over a short range (Bomford &
O'Brien 1990a, 1990b), while others claim prey listen for these frequencies when
scanning for predators (IEEE 1993; Gore 1994; Haag-Wackernagel 2000).  These
devices are popular with the general public (Domico 1993; Willoughby 1999) because
the manufacturers claim that the devices do not hurt the animal, and are above the
range of human hearing and are therefore non-irritant.

The sonic devices available for vehicles come in two forms, passive (wind-driven) or
active (electronic).  There are many brands of passive whistles that are distributed
widely in the United States, Europe, and Australia.  To date there is no evidence that
whistles can be heard above vehicle noise (Scheifele et al. 1998), that they
significantly alter behaviour (Romin & Dalton 1992; Muzzi & Bisset 1990) or that
they reduce animal/vehicle collisions (Bruinderink & Hazebroek 1996).  The author is
aware of only one active device for vehicles, the Shu Roo, which is an ultrasonic
deterrent device marketed in Australia for deterring kangaroos from roadways.

Kangaroos are considered a pest species throughout Australia, in part because they
collide with road vehicles (Coulson 1982, 1985).  Human fatalities from
kangaroo/vehicle collisions are rare (Committee 1997).  However, it has been
estimated that a kangaroo causes a similar amount of damage to a vehicle as does a
deer (A $3000/vehicle) (Committee 1997).  Eastern grey kangaroos (Macropus
giganteus), western grey kangaroos, red kangaroos (Macropus rufus), swamp
wallabies and red-necked wallabies (Macropus rufogriseus) are the species most
commonly hit throughout most of Australia.  More male eastern grey kangaroos are
involved in vehicle collisions than females in Victoria (Coulson 1997a) and in the
Australian Capital Territory (Woodward 1994; Lintermans & Cunningham 1997).
Likewise, sub-adults make up a large number of kangaroo road fatalities (Coulson
1989; Woodward 1994).  These patterns reflect the movement of adult males
searching for females, the dispersal of male offspring from the maternal home range,
and the tendency of males to show reduced wariness or different behaviour in the
presence of vehicles (Lintermans & Cunningham 1997) making them more
susceptible to being killed by vehicles.  Fatalities of eastern grey kangaroos increase
in autumn (Coulson 1982; Committee 1997) and in the year after a drought (Coulson
1989).  Limited food and water availability at these times probably force many
kangaroo species to travel to find food and water, which often occurs on road verges,
increasing the likelihood of an animal/vehicle collision.  Moon phase also affects
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kangaroo activity.  Maximum activity of western grey kangaroos occurs during a full
moon (Stewart & Setchell 1974).  Western grey kangaroos and red kangaroos are also
more likely to be involved in vehicle collisions when the moon is full (Tartowski
1985) as are eastern grey kangaroos (Coulson 1982; Woodward 1994).

Mitigation methods that have been trialled on kangaroos have had similar success as
those trialled on ungulates.  Wildlife road signs do not reduce kangaroo road kill
numbers, or reduce driver speed (Coulson 1982, 1985; Committee 1997).  Wildlife
warning reflectors such as Swareflex have also been unsuccessful (Aspinall 1995;
Lintermans 1997).  Passive and active sonic devices remain untested on kangaroos.

The manufacturer of the one active device for kangaroos, Shu Roo Pty. Ltd., claims
the Shu Roo is ‘the ultimate deterrent’ to clear the road of kangaroos and other
wildlife (Shu Roo pamphlet).  It was invented in Australia in 1985.  A revised version,
the Shu Roo Mk II (Shu Roo) was released in 1994 and is currently available
commercially.  The manufacturer’s advertisements claim that it produces a high
frequency signal inaudible to humans (Shu Roo Fact sheet, Glossy Shu Roo Fact
Sheet) with a frequency range of 17 - 26 kHz (Shu Roo Testing Report).  The high
frequency component of the Shu Roo signal is said to warn kangaroos of impending
danger, enabling them to flee from the path of the vehicle (Shu Roo Facts Sheet, Shu
Roo Testing Report) because this frequency range is supposedly used by kangaroos to
detect their predators (Gore 1994).  Kangaroos are said to become alert and flee from
the path of a vehicle with a Shu Roo.  The Shu Roo is claimed to have a signal noise
level greater than or equal to 130 dB (Domico 1993; Gore 1994) and to form a ‘pear
shaped sound pattern’ that extends 400 m ahead of the vehicle, and 50 m to either side
(Fig. 1) (Shu Roo Glossy; Shu Roo pamphlet; Gore 1994).  The signal supposedly
behaves like a car’s headlights, being unable to bend around corners, go over hills, or
penetrate thick vegetation (Shu Roo Brochure), and the coverage may be reduced in
rain or wind (Shu Roo Pamphlet).  In these conditions, the manufacturer advises
drivers to reduce driving speed.

This study tested the efficacy of the Shu Roo.  Tests were limited to eastern grey
kangaroos and red kangaroos, as two of the species most commonly hit.  Efficacy was
measured by systematically testing the claims made by the manufacturer in a static
and dynamic environment.  This included characterising the Shu Roo signal in the
laboratory and field, measuring captive kangaroo behavioural response in static trials,
and comparing the rate of kangaroo/vehicle collisions for vehicles fitted and not fitted
with a Shu Roo.
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Figure 1.  Sound pattern as shown on a Shu Roo brochure.
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Methods
The Shu Roo Mk II has two speakers encased in a rectangular metal housing that is
300 mm wide, 70 mm high, and 70 mm deep.  The speakers are placed at either end of
the device, with a fine mesh grill over each (Fig. 2).  A power lead extends from the
back of the unit with positive and negative terminals that may be attached to a 12-V
battery for power.  At purchase, the Shu Roo comes with an installation instruction
sheet and a Shu Roo brochure, which outlines installation procedures and driving
modification advice.  The installation instructions state that the Shu Roo is designed
to be mounted on the front of a vehicle 300 - 1000 mm above the ground in an
unobstructed position.  Driving modification advice includes slowing when there is
thick vegetation, crests or curves in the road, when going through cuttings, and when
a kangaroo is hopping on the side of the road.  One Shu Roo was purchased from a
dealer by the RACV and used in all laboratory and field tests.

Static acoustical characterization tests
Acoustical characterization tests were carried out in both the laboratory and field.
Laboratory tests were conducted in a small anechoic chamber at the University of
Melbourne on 27 July 1997.  Recordings were made 1 m from the Shu Roo using a
sound pressure level (SPL) meter (B&K 2209) with a microphone (B&K 4165) and a
digital tape recorder (Sony TCD-D8).  The recordings were digitally transferred from
the recorder to an IBM compatible Pentium 1 computer using a system adapter kit
(Sony RM-D100K) and Sound Forge (XP 4.0d) software with a sampling rate of 48
kHz and 16 bit sample size.  The Shu Roo signal structure (Eisenberg et al. 1975),
frequency bandwidth (maximum minus minimum frequency), dominant frequencies
(> 70 dB), signal duration (peak to trough on the waveform), inter-pulse duration
(trough of the previous syllable to the peak of the subsequent syllable) and signal
intensity (amplitude from a power spectrum) were determined during post processing.
Cool Edit 2000 software was used to analyse the temporal and frequency aspects of
the signal, as well as the amplitude of the signal (± 2 dB).  Frequency and amplitude
measures were made with an FFT value of 16384, overlap of 50%, time resolution of
170.67 msec, and a Hanning smoothing filter.

Field tests consisted of measuring noise levels (dB) at known angles and distances to
determine the Shu Roo propagation pattern.  Propagation pattern measurements were
made at two sites with two different surfaces.  A grass surface was used at the
University of Melbourne football oval, and a bitumen surface at the Ford Proving
Ground, You Yangs, Victoria.  Measurements at the University of Melbourne were
obtained over 11 days between July and September 1997.  An assistant was trained by
the author and took most of these grass propagation measurements, and the author
took the remainder.  Microphones were calibrated before and after all measurements.
Background noise levels were measured before each session.  A wind guard was used
for all measurements.  Weather conditions during field measurements varied between
days, but no sound level measurements were taken when it was raining, to avoid
damage to equipment.
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Figure 2.  The Shu Roo mounted on a Ford Cargo Tipper showing the Shu
Roo's size relative to the vehicle and its two speakers.
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Grass propagation
The measurements of the propagation pattern of the Shu Roo signal on grass were
made on the University of Melbourne football oval.  The oval is oriented with the
long axis east to west.  The Shu Roo was mounted on a tripod at the centre of the
football oval with the speakers facing east.  The tripod was set at three different
heights (300, 600, 1200 mm) and the Shu Roo was powered with a 12-V, 17-Ah
battery.

A sound pressure level (SPL) meter (B&K 2209), with microphone (B&K 4165) and
a 1/3 rd octave filter (B&K 1616) were clamped to a retort stand at the same three
heights (300, 600, 1200 mm).  The SPL meter was set to fast, and the filter to one of
three settings: 16, 20, and 25 kHz.  SPL measurements were made relative to 20 µPa.

Sound pressure level (dB) measurements were taken from the SPL needle meter (± 2
dB) every 10 m along the bearings corresponding to the front (0°), sides (45°, 90°)
and back (135°, 180°) of the Shu Roo unit.  A compass (Suunto model KB-14) was
used to determine the bearings (± 2°) around the Shu Roo.  A 50-m measuring tape
was used to mark each bearing, determine the distance from the Shu Roo, and the
height of the Shu Roo and the SPL meter microphone above the ground.  Height was
measured as the distance between the ground and the middle of the speaker or
microphone.  For each bearing the measuring tape was relayed, and the SPL
microphone was always pointed towards the Shu Roo.  Measurements were taken to a
maximum distance of 50 m.

Bitumen propagation - retort stand mount
At the Ford Proving Ground, static measurements were made on two bitumen roads:
‘ADR 28/00 noise drive’ (#25 Ford Proving Ground Map Fig. 3) on the 18 November
1999, and on the ‘Brake Test & N.V.H. Road’ 14 and 17 November 2000.  Bitumen
tests were done with the Shu Roo mounted on a retort stand and then on a series of
vehicles.  Microphone and background noise preparations and precautions were the
same as those used at the University of Melbourne football oval.  The reference value
was the sound pressure level measured on grass at 20 m (51 dB re 20 µPa).  Weather
conditions for all test days are summarised in Table 1.  Temperature, humidity, wind
direction and wind speed were recorded at the weather station on site at the Ford
Proving Ground.  In addition, humidity measurements were confirmed at the track
with a Hygrotest (Testo 640) for the tests with the Shu Roo mounted on a vehicle.

The ADR 28/00 noise drive is oriented east to west with an entrance to the road from
the east end.  The microphone (B&K 4133) with preamplifier (B&K 2619) was placed
on the centre line of the ADR 28/00 noise drive facing west at the eastern end of the
track (Fig. 4).  The Shu Roo was initially placed 1 m from and facing east towards the
microphone on the same line.  The microphone was mounted at 600 mm above the
ground on a retort stand using clamps.  The Shu Roo was mounted on a second retort
stand using clamps and electrical tape also at a height of 600 mm above the ground.
A 12-V, 17-Ah battery powered the Shu Roo.  The battery was secured to the base of
the retort stand with electrical tape, without obstructing the Shu Roo speakers.

.
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Figure 3.  Map of part of the Ford Proving Ground showing 'ADR 28/00 noise
drive' (labeled #25) (1) and the 'Brake Test & NVH Road' (2) as at November
2000.
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Table 1. Weather conditions at the Ford Proving Ground, You Yangs, Victoria
during measurements of stationary and dynamic acoustic characteristics on
bitumen.

Date Temperature
(ºC)

Wind
Direction

Wind Speed
(km/h)

Relative
Humidity (%)

18-Nov-99 15 East 15-25 50

14-Nov-00 21 South East 37-57 37

17-Nov-00 20.6 South 0-28 77
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Figure 4. Microphone set up for static measurements on bitumen at the Ford
proving Ground.  Measurements were made on 18 November 1999.

Figure 5. Microphone setup for vehicle mounted static and dynamic tests on
bitumen at the Ford Proving Ground.  Measurements were taken on 14 and
17 November 2000.
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Distance increments were marked with orange spray paint along the centre of the road
at 1, 2, 4, 10, 20, 30, 40, 50 and 100 m.  The Shu Roo on its stand was moved to each
distance.  Recordings of the Shu Roo signal were amplified (B&K 2610), acquired
(Prosig P5600) and stored on a computer (IBM ThinkPad 570).  The measuring
amplifier was powered by a portable AC source (Hewlett Packard 85901A).  The 12-
V car battery powered the Prosig P5600 through the cigarette lighter.  An internal
battery powered the computer.

Three bearings around the Shu Roo were measured: 0°, 45° and 90°.  The compass
used in the grass propagation measurements was used again here to determine
bearings.  Bearings were achieved by rotating the microphone on its retort stand.

Recording and analysis was accomplished with two computer software programs,
Prosig acquisition (DATS acquisition), and Prosig processing (DATS for windows).
The DATS acquisition software was set with a sensitivity of 262 mV/Pa and a
sampling rate of 80645 samples/s with linear weighting.  Prosig processing was set to
measure root mean square (RMS) for the following 1/3 rd octave filters: 16, 20, 25
kHz and 40 kHz.  This provided a measure of the total energy in these frequency
bands.  RMS levels were background corrected.

Bitumen propagation – vehicle mount
The Ford Proving Ground Brake track is oriented north to south with an entrance to
the road at the north end.  Four types of vehicle were tested (sedan, 4x4, truck, bus).
All vehicles were positioned in the centre of the road so that the front right tyre of the
vehicle was on the centre white line (Fig. 5) and the perpendicular distance from the
Shu Roo to the road edge was 3m (Fig. 6).

The Shu Roo was mounted on the bumper of each vehicle using electric tape.  It was
connected to the negative terminal of the vehicle’s battery and either a 10-A fuse
(sedan and 4x4) or the positive terminal of a freestanding 12-V battery (truck and
bus).  The bumper heights of all vehicles tested are listed in Table 2.

The microphone was mounted on a retort stand at a height of either 600 mm or 1100
mm with a clamp.  It was oriented at 30° to the side of the road.  The location of the
microphone, and its height were assumed to be representative of a kangaroos position
on the side of the road, either with head down feeding (600 mm) or in a semi-alert
posture (1100 mm).

Recordings of 10-s in duration were made using a microphone (B&K 4165) attached
to a SPL meter (B&K 2209), a tunable filter set at the 1/3 octave around 18 kHz
(B&K 1621), and a digital tape recorder (TCD-D8).  The SPL meter was set so a
reading was given between 0-10 dB.  The dial setting was between 30 and 50 dB.
The DAT record level was set so that a reading of –4 to –2 dB was shown on the
digital meter.  This resulted in DAT record levels of 5 - 8.5.  Only recordings with the
same SPL meter and DAT recorder settings were compared.  All measurements were
background corrected, and the background levels on the respective days used as
reference values (re 20 µPa).  Recordings were made at seven distances from the
microphone: 20, 30, 40, 50, 100, 200 and 400 m.  Distances were measured out using
a 50-m measuring tape, confirmed with the Ford Falcon odometer and marked with
orange pylons on both sides of the road.  The 30 and 40-m measurements were added



15

Figure 6. Diagram of static and dynamic test setup for the bitumen trials at the
Ford Proving Ground on 14 and 17 November 2000.
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Table 2. Vehicle type, model and Shu Roo mounting height for the four
vehicles tested at the Ford Proving Ground, You Yangs, Victoria on 14 and 17
November 2000.

Vehicle type Vehicle model SR height (mm)

Sedan Ford Falcon (AU2 Forte) 315

4 x 4 Ford Courier (2000 PE Utility) 800

Bus Mazda 18 seat 620

Truck Ford Cargo Tipper 840
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on the second field day due to a rapid drop-off in detection of the Shu Roo signal
between 20 and 50 m.

An assistant drove the vehicles.  Three combinations of recordings were made at each
distance: Shu Roo on and engine on, Shu Roo off and engine on, and Shu Roo on and
engine off.  The driver was responsible for turning the engine and the Shu Roo on and
off.  The Shu Roo and engine combinations were always confirmed by portable radios
before each recording.  These measurements provided an indication of the car noise in
the Shu Roo signal range, the noise level that the Shu Roo made without car noise
interference, and how the two noise levels interact.  The noise level produced by the
Shu Roo was determined from post processing using the same method described for
determining static acoustic characteristics.

Dynamic acoustic characteristics
Dynamic acoustic characteristics were computer modeled and measured in the field.
The computer model was generated on Microsoft Excel TM.  Field dynamic acoustic
characteristics were determined through drive-by tests.  The same equipment, vehicles
and setup that were used for the car mounted bitumen tests were used again for the
drive-by tests.  The static and drive-by tests were run on the same days.  Drive-by
tests generally followed static tests for each vehicle such that the drive-by tests were
interspersed between the different vehicle static tests.  This provided ongoing
confirmation that all equipment was functioning correctly.

Three speeds were trialled for the sedan and 4x4: 80, 100 and 110 km/h.  The bus and
truck were tested at only 80 km/h because they were unable to reach the other target
speeds in the 700 m available (Fig. 6).  The pairs of orange pylons used in the static
tests, spaced along the roadside 20 – 400 m from the SPL meter microphone were
used as start and stop markers.  Recording commenced at 400 m and stopped as the
vehicle passed the 20-m mark.  The 400 m markers were not clearly visible from the
recording position, so the driver radioed when they reached this point.  Two
recordings were made at each speed, one with the Shu Roo on, the other with the Shu
Roo off.  Vehicles were driven at a constant velocity over the 380 m.

Captive behavioural response
The captive behavioural response tests were conducted on 15 occasions between 22
July – 11 September 1997 in the kangaroo enclosure at Werribee Open Range Park.
The enclosure was a 4-ha square consisting of an open grass plain with small clusters
of trees along the perimeter (Fig. 7).  There was a circular path inside the perimeter of
the enclosure where zoo bus tours, maintenance and feeding vehicles regularly
traveled.  People on foot were not allowed in the enclosures, and bus tours viewed
animals from a distance that did not disturb the animals.

Six female and eight male eastern grey kangaroos, six female and 11 male red
kangaroos, two male swamp wallabies, six female and five male red-necked wallabies
and 11 emus (Dromaius novaehollandiae) were held in the enclosure.  There were no
young at foot in this population, as all males had been vasectomised.  Body size,
musculature, and presence of either a pouch or a scrotum were used to distinguish
males and females.  Kangaroos often divided into smaller groups within the enclosure,
so a minimum test group size of 5 was set.
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Figure 7.  Map of the kangaroo enclosure at Werribee Open Range Park
showing the circular track used to make behavioural observations.
Observations were made between 22 July – 11 September 1997.

N
100 m

Kangaroo
Enclosure



19

Prior to testing, measurements were made to detect the presence and noise level of
frequencies similar to those produced by the Shu Roo.  Ultrasonic frequencies were
measured with a heterodyne bat detector (ANABAT II), which has flat response to
approximately 50 kHz.  Noise levels were measured with a SPL meter (B&K 2209)
with a frequency filter (B&K 1616) and microphone (B&K 4165) attached.  The SPL
meter with microphone has a flat response to 20 kHz.

Observations were made between 09:00 and 13:00, when kangaroos were often
resting close together, there were fewer visitors, and a keeper was available to
accompany us to ensure that the kangaroos were not unduly disturbed by either the
vehicle or the sound trials.  The Shu Roo was mounted on the front bumper of one of
three white utility trucks following manufacturer’s instructions.  Bumper heights
varied between the vehicles: two Toyota Hilux twin-cabs (540 and 800 mm
respectively), and a Toyota Hilux twin-cab 4WD (830 mm).  The vehicle used was
dependent on availability.  It was assumed that these vehicles were familiar to the
kangaroos because they were similar to those used for feeding and maintenance
within the enclosure, allowing closer approaches during the playback trials.  The Shu
Roo was powered by the car’s 12-V battery.

An assistant drove the vehicle along the circular track near the periphery of the
enclosure.  Each circuit was considered one trial, with the Shu Roo either being on or
off for the entire circuit.  An assistant determined whether the Shu Roo was on or off,
using a random number table.  Circuits continued until at least one off and one on trial
was completed per day.  On some circuits the vehicle was taken off the track to point
the Shu Roo towards a group of kangaroos.  The vehicle was brought to a stop in front
of the group at a distance of 20 - 50 m.  The distance was dependent on the kangaroos
not becoming overly alarmed.  Every effort was made to point the Shu Roo directly
towards the kangaroos, although at times the Shu Roo was oblique to the kangaroos.

Behavioural response
The behavioural response of captive eastern grey and red kangaroos was measured in
three ways: vigilance, head and ear orientation.  The vigilance response of each
kangaroo was recorded on a scale from flight (8) to no reaction (1), which expresses
different levels of alertness and fear (Croft 1981a, 1981b; Ujvari et al. 1998).
Kangaroo body postures follow Croft’s (1981a) definitions and included feeding,
which was considered to be the absence of vigilance, lying down, sitting, and crouch,
which were considered to be an absence of alarm, semi-erect, standing erect, and erect
alert, which corresponded to alarm, and flight (Fig. 8).

Head and ear orientations were used to indicate the direction of attention, and a more
subtle measure of the effectiveness of the Shu Roo signal.  Head orientation was
defined with the following bearings: 0° was directly towards the sound source but
ranged from 315° to 45°.  Away from the sound source was between 135° to 225°,
and face sideways fell between these two zones (Fig. 9 A).  Head orientations were
recorded in observations only after 1 November 1994, after initial observations had
shown that ear orientation was not providing a clear indication of the kangaroo’s
direction of attention or alarm.
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Figure 8.  Vigilance postures of kangaroos based on Croft (1981), which were
used as measures of alert response.  Postures are ranked on an eight point
scale that corresponds to increasing alertness.   
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Figure 9.  Captive eastern grey kangaroos held at Melbourne Zoological
Gardens display the three head orientations, sideways, towards and away (A),
and three ear orientations (B), towards, mixed and away, displayed by the
captive eastern grey kangaroos and red kangaroos at Werribee Open Range
Park.

A

B
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Ear orientations were defined in a similar manner as head orientations: ears towards
meant both ears pointing towards the sound source (280° - 80°), ears away was the
reverse (100° - 260°), and mixed ears had two reversible forms with one ear towards
and the other away (Fig. 9 B).  A 20° margin was allowed on either side of the ears
toward and away zones because of the difficulties in identifying the direction of the
ears in this area.

Verbal descriptions of the species, group size, sex, vigilance level, head and ear
orientation of all kangaroos, as well as the distance and orientation of the vehicle to
each kangaroo were made by the author and recorded in writing by an assistant.
Observations were made with 8 x 40 binoculars from left to right.  If an individual
changed position during a scan, it was tracked to avoid recording its response twice.
It was assumed that a kangaroo’s response would be independent on subsequent days.
The distance between the kangaroos and the vehicle was measured with a Bushnell
Lytespeed 400 Laser range finder, which was effective from 20 - 400 m.  The
observer wore earplugs to ensure the Shu Roo could not be heard.  A compass
(Suunto model KB-14) was used to determine the angle of the kangaroos to the Shu
Roo on the front of the vehicle.

Analysis
Chi-square contingency table analyses were used to test for patterns in vigilance, head
and ear orientation between treatment (Shu Roo on) and control (Shu Roo off) trials.
Tests were adjusted using the Bonferoni correction for repeated testing.  The Pearson
correlation test was used to check for correlations between all factors measured.  Only
the observations from the first off and the first on trial for each day were included in
the statistical analyses, and only one randomly-selected focal animal from each trial
was included in the data set.

Road survey
A total of 278 possible users of the Shu Roo were contacted throughout Australia by a
number of research assistants and the author requesting participation in a field survey
evaluating the efficacy of the Shu Roo.  Potential Shu Roo users were identified
through the Yellow Pages, internet listings, the Australasian Wildlife Management
Society list server, Ecology Society of Australia list server, and through referrals.
Contact was made either by post, telephone, email, or fax.  The greatest number of
people contacted were in Victoria.

A variety of organisations and individuals were contacted, including local councils
and state wildlife agencies.  Bus and truck companies were targeted in particular
because they were believed to have fleets of similar vehicles travelling consistent
routes over long distances, often in regions with higher kangaroo densities.  It was
hoped that vehicles from the same company fleet could be paired, with part of the
fleet fitted with the Shu Roo and the other not.

It was difficult to locate and then convince companies and individuals to participate in
the Shu Roo survey.  No financial remuneration was provided.  Some letters sent in
1997 received no response, and subsequent phone calls in 1999 had a success rate of
approximately 1 company for every 10 to 15 phone calls.  Many companies said they
were too busy, and in others it was not possible to speak with an appropriate person.
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A number of companies refused to participate because of their negative experiences
with the Shu Roo.  Many of the companies that used the Shu Roo had it on all their
vehicles, resulting in an absence of controls.  It was difficult to match and convince
other companies without the Shu Roo of the benefits of participating in the survey.
All companies that agreed to participate were sent a letter outlining the purpose of the
study and a sample data sheet.  A follow up phone call was made shortly after to
ensure the company was still willing to participate and to acquire information about
the number of vehicles that would be involved and how many were fitted with the Shu
Roo.  The fleet manager was generally the point of contact.  They often expressed
enthusiasm when first contacted, but withdrew from the survey when they or their
drivers found the survey too onerous.  A number of fleet managers withdrew because
their drivers refused to record their odometer readings, presumably for fear of having
conflicting numbers when inspected by transport authorities.

The survey began in earnest on 19 August 1999 and continued until 30 January 2001.
Companies were added and left the survey during this time.  Over this period a total
of 31 companies agreed to participate in the survey, although data was received from
only 15 companies.  These companies were based in either New South Wales,
Queensland, Victoria, or Western Australia (Table 3), but most vehicles were from
companies based in Victoria.  All companies that participated in the survey had at
least one vehicle with Shu Roo, but many also had vehicles without the Shu Roo.
Table 3 summarizes the number of companies and the proportion of treatment and
control vehicles.  Some fleet managers reported that vehicles were driven with Shu
Roos fitted but not functioning during the road survey.  This was accounted for by
switching that vehicle for that period from the treatment to the control group.

The survey required drivers to keep a log of the number of collisions with macropods
over the total distance traveled during the survey.  In addition they were asked to
record the time of day and date any kangaroo collisions occurred and the route the
vehicle was travelling on.  Copies of the log sheets were requested once a month or
when collisions occurred.  The method of receiving this data changed during the
survey to make this process as convenient for each company as possible.  Some
submitted their data by email, others over the phone.  In addition, a catalogue was
kept of the range of responses given including whether a company had heard of the
Shu Roo, and if so whether they had used it and were satisfied.
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Table 3.  The number of treatment and control vehicles of companies that (A)
agreed to participate and those that (B) provided data per state for the Shu
Roo road survey.

State No. of companies Shu Roo Control

ACT 1 1 0

NSW 4 7 2

SA 4 43 13

QLD 2 3 0

VIC 18 61 2

WA 2 2 2

TOTAL 31 117 19

State No. of companies Shu Roo Control

ACT 0 0 0

NSW 2 4 3

SA 0 0 0

QLD 2 3 0

VIC 11 47 35

WA 2 3 2

TOTAL 15 57 40

Agreed

Received data

A

B
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Results
Static acoustical characterization tests
The Shu Roo produced a noisy, descending, single-syllable signal (Fig. 10 B), which
can be classified as a Type 1 sound form with descending modulation (sensu
Eisenberg et al. 1975).  The signal descended from 23.6 - 14.6 kHz, with the greatest
signal energy (73 dB) occurring at 17.1 kHz (Fig.10 A).  The signal appeared to have
been created by forced harmonics, with primary frequencies of 3.9 and 9.47 kHz, and
harmonics occurring at 7.24, 14.48, and 18.94 kHz.  It therefore contained a mix of
audible and ultrasonic frequencies, which can be described onomatopoeically as “zip
zip”.  Its short syllable (<0.6 s) was repeated continuously, with each syllable 0.453 s
on average (Fig. 10 C).  The inter-syllable duration was 0.146 s on average, so the
syllable was repeated approximately two times per second.  The Shu Roo signal
intensity at 1 m when measured in the laboratory was 73 dB at 17.1 kHz.  When
mounted on a retort stand and measured on bitumen at 1 m the sound pressure level of
the dominant frequency was 85 dB.

Propagation pattern
Measured noise levels are displayed as polar diagrams to show the propagation
pattern of the Shu Roo signal (Fig. 11 A and B), with interpolation between points
with the same sound level on different bearings to create dB contours.  Noise levels
were greatest in the static tests using the 16 kHz 1/3 rd octave filter.  Polar diagrams
using this filter only are presented here.

The Shu Roo signal was detected around the retort stand mounted device at varying
noise levels on both grass and bitumen.  Propagation patterns were similar on both
surfaces.  The signal noise levels were similar on both sides of the device, but loudest
to the front (0°), and quietest at the back of the unit (180°).  The Shu Roo signal could
be detected at 50 m between 0 and 90° on grass (Fig. 11 A) and on bitumen (Fig. 11
B).  There was no significant difference in the mean noise level of the Shu Roo when
played on grass or bitumen (ANOVA, df = 1, p = 0.726).

The height that the Shu Roo was mounted had no effect on the maximum distance or
noise levels recorded on grass (Fig. 12).  In contrast the microphone height was
significantly correlated with the noise levels recorded on grass (Pearson, r  = 0.816,
p = 0.002) (Fig. 13).  Of the four microphone heights tested (300, 600, 700 and 1200
mm), the 700 and 1200 mm microphone heights recorded the highest noise levels.
Only one microphone height, 600 mm, was tested when the Shu Roo was mounted on
a retort stand on bitumen so it is not known how microphone height effected noise
level in these tests.

Background noise levels were similar for both the grass and bitumen tests (15 dB)
using the retort stand.  Assuming excess attenuation of 5 dB over 10 m, based on an
ambient temperature of 20º C and 50% relative humidity, a theoretical reduction in
signal level of 10 dB at 20 m and 24 dB at 50 m would result.

The car mounted bitumen test data was measured only along one bearing (0°) using an
18 kHz filter.  The distance and attenuation observed was similar to that for the Shu
Roo mounted on the retort stand (Table 4).  The Shu Roo signal could not be
discerned above typical background noise at any distances greater than 50 m (Fig.
14).  There was no significant difference in the noise levels recorded when the
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Figure 10.  Acoustic characteristics of Shu Roo signal.  A.  Power spectrum, frequency (Hz) on the x-axis, and noise level (dB) on
the y-axis (44100 Hz sampling rate, 512 FFT).   B.  Sonogram, x-axis is time (ms), y-axis is frequency (Hz) (44100 Hz sampling
rate, 1024 FFT).  C.  Waveform, x-axis is time (ms), y-axis is pressure (µPa) (48000 Hz sampling rate, 16 bit sample size).  Signal
recorded in an anechoic chamber at 1m on 27 July 1997.
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Figure 11.  Polar diagrams showing the propagation pattern of the SR signal
on grass (A) and on bitumen (B) when mounted on a retort stand.
Measurements were made with a 16 kHz filter, the Shu Roo and the
microphone were mounted at 600 mm.  Measurements were made for (A)
over 11 days between July and September 1997, and for (B) on 14 and 17
November 2000.  The background noise level on the grass and the bitumen
was 15 dB.
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Figure 12.  Effect of Shu Roo height on the sound pressure level (dB re 20
µPa) over distance.  Based on data collected at the University of Melbourne
grass football oval over 11 days between July and September 1997.
Background noise level was 15 dB.
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Figure 13.  Effect of microphone height (mm) on the sound pressure level (dB
re 20 µPa).  Based on data collected at the University of Melbourne grass
football oval over 11 days between July and September 1997.   Background
noise level was 15 dB.
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Figure 14.  Sound pressure levels (dB) from static measurements with Shu
Roo mounted on four different vehicle types, sedan (A), 4 x 4 (B), and truck
(C), showing the signal fall off over distance.  Measurements were made at
the Ford Proving Ground on 14 November 2000.  An 18 kHz 1/3rd octave filter
was used with the microphone set at a bearing of 0 degrees and a height of
600 mm.  The background noise level on this day was 50 dB.  Measurements
have been background corrected.
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Table 4. Sound pressure levels from static measurements with Shu Roo
mounted on four different vehicles with the engine on.  An 18 kHz 1/3rd octave
filter was used with the microphone set at a bearing of 0 degrees and a height
of 600 mm.  Measurements were made at the Ford Proving Ground on 14 and
17 November 2000.  The background noise levels on the two days of testing
were 50 and 30 dB, respectively.  Levels have been background corrected.

Date Vehicle Treatment 20 50 100 200 400

14-Nov-00 sedan on 51.0 19.9 18.7 16.2 19.3

off 32.2 32.4 32.2 32.2 32.2

14-Nov-00 4x4 on 51.0 23.0 22.5 23.2 -

off 32.7 33.9 32.7 32.8 -

14-Nov-00 Truck on 51.0 22.8 20.4 18.8 20.8

off 31.9 32.0 32.1 31.9 32.0

Date Vehicle Treatment 20 30 40 50 100

17-Nov-00 sedan on 51.0 48.4 43.5 40.6 -

off 36.0 32.4 42.4 44.0 43.9

17-Nov-00 4x4 on 51.0 49.6 41.5 29.4 28.9

off 24.1 34.8 41.5 41.5 41.7

17-Nov-00 Bus on 51.0 50.3 40.5 36.7 49.4

off 28.0 38.2 38.0 44.0 43.4

Distance from microphone (m)

Distance from microphone (m)
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microphone was mounted at 600 or 1100 mm (Kruskal Wallis, df = 1, p = 0.321)
(Fig. 15).  However, the distance at which the Shu Roo signal could be detected
varied between test days, largely because of variations in background noise.  The
background noise levels were 50 and 30 dB on respective test days, with the variation
mostly attributable to wind speed.  On the day with the greater background noise level
the Shu Roo signal could not be detected at 50 m.

Dynamic acoustic characteristic - modeling
The laboratory based static acoustic results were used to model the frequency
characteristics of the Shu Roo signal in a dynamic environment as effected by the
Doppler effect.  The model used was:
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where fd is the multiplication factor to determine the Doppler frequency from the
static frequency measured from the Shu Roo, fo is the frequency of interest, vc is the
velocity of the vehicle, y is the perpendicular distance from the road to the receiver,
vct is the distance along the road, c is the speed of sound (343 m/s), and t is the time
point before, at, or after the location of the receiver, where t < 0 are before the vehicle
has reached the receiver, t = 0 is at the receiver, and t > 0 is after passing the receiver.

Microsoft Excel 5.0 was used to run the model for four speeds (60, 80, 100, 110
km/h), for distances along the road between 0 and 400 m.  A distance of 3 m
perpendicular to the road edge was used as the receiver position in the model.  The
minimum, maximum and dominant frequencies (13, 24, and 17 kHz) were used in the
model to determine how the Doppler Effect would alter the overall range of the Shu
Roo signal (Fig. 16).  The effect of the Doppler model on the minimum, maximum,
and dominant frequencies of the Shu Roo signal are summarised in (Table 5).
Frequencies were elevated prior to the vehicle reaching the receiver, and receded once
passed, with greater speed accentuating this change in frequency range.  For example
the Shu Roo minimum to maximum frequency range for a vehicle travelling at 110
km/h was predicted by the Doppler Effect model to be 14.2 – 27.2 kHz.

Dynamic tests
In the dynamic drive-by tests with the Shu Roo, none of the recordings for any of the
four vehicles showed greater amplitude or frequencies that were not present when the
Shu Roo was turned off.  Furthermore, recordings with the Shu Roo on and off at all
speeds showed no difference (Table 6).
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Figure 15.  Effect of microphone height on the sound pressure level over
distance (m) when mounted on four different vehicle types.  Based on data
collected at the Ford Proving Ground 'brake track' on the 14 and 17
November 2000, when background noise levels were 50 and 30 dB,
respectively.
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Figure 16.  Model of the Doppler effect on the Shu Roo signal.  Low (13 kHz),
dominant (17 kHz) and high (24 kHz) frequencies at four different speeds (60,
80, 100, 110 km/h) are shown.  The model was based on acoustic data
collected in a University of Melbourne anechoic chamber.
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Table 5.  Estimates of the upper (24 kHz), lower  (13 kHz), and dominant (17
kHz) frequencies of the SR signal at 400 m for four different vehicle velocities.
Estimates were generated from the dynamic model using the dynamic data
collected on the 14 and 17 November 2000 at the Ford Proving Ground, You
Yangs, Victoria.

Vehicle velocity
km/h Maximum Dominant Minimum

60 25.2 17.8 13.6

80 25.6 18.1 13.8

100 25.9 18.4 14.1

110 26.1 18.5 14.2

Frequency (kHz)
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Table 6. The maximum RMS (dB) of the last two seconds of the control and
treatment recordings of the Shu Roo in dynamic drive-by tests, filtering for the
1/3rd octave surrounding 18 kHz.  Control is with the Shu Roo turned off,
treatment with the Shu Roo turned on.  Measurements were made at Ford
Proving Ground, You Yangs, Victoria on 14 and 17 November 2000.
Measurements on the bus were made on 17 November 2000.  The
microphone was mounted at 600 mm.  The background noise levels on the
two test days were 50 and 30 dB, respectively.

Vehicle speed control treatment

sedan 80 50 50

100 51 50

110 50 50

4 x 4 80 56 56

100 55 56

110 55 56

truck 80 56 56

bus 80 26 28
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Behavioural observations

Vigilance
Vigilance levels of both the eastern grey and red kangaroos were generally high:
between 42 - 75% of the kangaroos were in vigilant postures during the tests
(Table 7).  However, vigilance response did not differ significantly between Shu Roo
treatments for either eastern grey or red kangaroos (χ2, df = 1, p = 0.414, χ2 , df = 1,
p = 0.653, respectively) (Fig. 17 A).

No kangaroos took flight during either the treatment or control trials.  The vigilance
levels of the red kangaroos were correlated with repeated presentations, however, and
decreased with time (Pearson, r  = 0.21, p = 0.038) (Fig. 18).

Head orientation
The head orientation of the kangaroos was predicted to occur in a 1:1:2 ratio (towards:
away: sideways).  The orientation of the heads of the eastern grey and red kangaroo
differed significantly from the predicted ratio (χ2, df = 2, p < 0.01, χ2 , df = 2, p <
0.01): both species oriented their heads towards significantly more, and significantly
fewer had their heads in a sideways orientation to the Shu Roo (Fig. 17 B).  This was
true, both when the Shu Roo was on and off.

However, there was a correlation between head orientation of the eastern grey
kangaroo and distance (Pearson, r  = 0.24, p = 0.016).  More eastern grey kangaroos
oriented their heads towards the Shu Roo at closer distances, and sideways at farther
distances (Fig. 19).  In contrast, the head orientation of the red kangaroo was
correlated with the angle of the Shu Roo to the vehicle (Pearson, r  = 0.28, p = 0.025).
At lower angles, when the Shu Roo was pointing more directly at the kangaroos, more
heads were in a towards orientation, whereas, when the Shu Roo was at an angle of
45º, more kangaroos had their heads in a side-ways orientation (Fig. 20).

Ear orientation
The same ratio predicted for head orientation was predicted for ear orientation, 1:1:2
(towards: away: mixed).  The ear orientation did not differ in either the eastern grey or
the red kangaroo from the predicted ratio (χ2, df = 2, p = 0.290, χ2, df = 2, p = 0.155,
respectively); most kangaroos had their ears in a mixed orientation (Fig. 17 C).  In
addition, the ear orientation of both species did not differ significantly between the
treatment and control trials (eastern grey χ2, df = 3, p = 0.659, red χ2, df = 3, p =
0.094).

Road survey
The number of contacts per state, and people’s response to our contact, is summarised
in Table 8.  There were very few people who had not heard of the Shu Roo but there
were mixed views about its efficacy.  For example, one respondent (Prowse-Brown)
stated that they had used the Shu Roo for 6 years without hitting a kangaroo, but had
to dodge wild pigs, while another respondent (Kangaroo Island Freight) said that they
had used the Shu Roo for only one day and hit a kangaroo, resulting in a broken Shu
Roo and a crushed radiator.
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Table 7. The frequency that (A) eastern grey kangaroos and (B) red
kangaroos exhibited the different vigilance postures as observed at Werribee
Open Range Park between 22 July and 11 September 1997.

A

Posture n % n %

lying down 4 33 4 33

feeding 1 8 3 25

crouch 1 8 2 17

semi-erect 4 33 2 17

std. erect 2 17 1 8

Total 12 100 12 100

B

lying down 3 25 3 25

feeding 1 8 - -

crouch 5 42 3 25

semi-erect 3 25 5 42

std. erect - - 1 8

Total 12 100 12 100

Eastern grey kangaroos

Red kangaroos

Shu Roo On Shu Roo Off



39

Figure 17.  The vigilance (A), head (B) and ear (C) orientation of captive
eastern grey and red kangaroos in response to the Shu Roo.  Observations
were made on 15 occasions between 22 July and 11 September 1997 in the
kangaroo enclosure at Werribee Open Range Park, Victoria
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Figure 18.  Observed relationship between the vigilance levels of captive red
kangaroos and the scan number within a day.  Vigilance shown as scored
numbers.  Scan number was assigned for each circuit done within the
kangaroo enclosure at Werribee Open Range Park, Victoria.
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Figure 19. Relationship between the head orientation of captive eastern grey
kangaroos and the distance to the Shu Roo at Werribee Open Range Park,
Victoria on 15 occasions between 22 July and 11 September 1997.  Head
orientation was scored as 1, 2 and 3 which corresponded to towards, away
and side-ways, respectively.
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Figure 20.  Relationship between the head orientation of the captive red
kangaroos and the angle of the Shu Roo.  Measurements were made in the
kangaroo enclosure at Werribee Open Range Park, Victoria on 15 occasions
between 22 July and 11 September 1997.  Head orientation was scored as 1,
2 and 3 which corresponded to towards, away and sideways, respectively.
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Table 8.  Number of groups contacted for Shu Roo road survey in each state,
and their response when asked if they had heard of the Shu Roo.  Shu Roo
survey ran from 19 August 1997 to November 30, 2000.  The no response
category is an estimate only, 10%, of the number of contacts that did not
result in a response.

Responses of groups 
contacted VIC NSW QLD WA SA ACT NT

Nation-
wide Total

Use 'Shu Roo' - Survey 
participant

12 4 2 1 5 1 0 0 25

Use 'Shu Roo' - Not 
participating

9 0 0 0 1 0 0 0 10

Used to use SR but no 
longer have any fitted

11 3 2 1 0 0 0 0 17

Have heard of SR, but 
have never fitted any 

and don't intend to
70 41 32 9 13 4 1 0 170

Have never heard of 
SR

5 3 4 2 1 0 0 1 16

Don't use SR but did 
not specify whether 

they have heard of it or 
not

2 0 4 8 0 0 0 2 16

Contacted but no 
response

11 5 4 2 2 0 0 0 24

Total Contacted 120 56 48 23 22 5 1 3 278

STATE
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Vehicles involved in the road survey traveled large distances.  Most vehicles traveled
between Melbourne, Sydney, Adelaide and Brisbane.  Vehicles that drove shorter
distances generally did not specify their routes.  On average, vehicles traveled 49,000
km, and there was no significant difference in the distance traveled by Shu Roo and
control vehicles (Mann-Whitney U, p = 0.278).  There was, however, a significant
difference in the distance traveled by the different vehicle types in the survey
(Kruskal Wallis, df = 2, p < 0.001): buses and trucks traveled significantly farther
than cars (std. resid. = 3.2 and 2.1, respectively).

Of the vehicles surveyed, 84% did not hit a kangaroo over the survey period.  From
those vehicles fitted with a Shu Roo, 22% hit a kangaroo, while only 7% of control
vehicles hit a kangaroo (Table 9).  There were two outliers in this data set: one
Victorian-based Shu Roo user reported hitting 39 kangaroos in one night, and another
Queensland-based Shu Roo user reported 25 hits.  Consequently, this data has been
excluded from all further analyses.  There was thus no significant difference in the
number of kangaroos hit by vehicles fitted with or without a Shu Roo (Mann Whitney
U, df = 1, p = 0.117).
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Table 9.  Number of vehicles, vehicles that hit kangaroos, and the collision
rate.  The period recorded by each company differs, and participants are
from throughout Australia.  Survey ran from 19 August 1997 - 30 October
2000.

State
Participating 

vehicles
No. of vehicles 

that hit
% of vehicles 

that hit

Collision rate 
(kangaroos/ 
10,000 km)

NSW 4 1 25 0.20

QLD 2 2 100 0.15

VIC 46 6 13 0.20

WA 3 2 67 0.14

Total 55 11 20 0.19

NSW 3 1 33 0.51

QLD 0 0 0 -

VIC 35 1 3 0.04

WA 2 1 50 0.31

Total 40 3 8 0.20

Shu Roo

Control
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Discussion

Shu Roo signal characteristics

The manufacturer of the Shu Roo makes a number of claims about the signal
characteristics of the device.  The manufacturer claims that the Shu Roo signal is high
frequency and inaudible to humans (Shu Roo Fact sheet, Glossy Shu Roo Fact Sheet)
with a frequency range of 17 - 26 kHz (Shu Roo Testing Report).  This study found
the predominant frequency was 17.1 kHz which is not ultrasonic but near ultrasonic
frequencies.  The average sound pressure level produced by the Shu Roo at the
predominant frequency, when tested in a static environment was 85 dB, which was
considerably lower than that claimed by the manufacturer (≥ 130 dB).  The
manufacturer’s claim, exemplified by the diagram showing the Shu Roo signal
projecting 400 m in front of a moving vehicle with a signal epicentre 50 m in front of
the vehicle (see Fig. 1), was also not supported by the test data.  The Shu Roo, in
static conditions, could be detected only to a maximum of 50 m on grass and 100 m
on bitumen, which was less than a quarter that claimed by the manufacturer.  In
dynamic drive-by tests on bitumen, there was no detectable coverage provided by the
Shu Roo, because the sound pressure level recorded was totally attributable to road
and engine noise produced by the car.  Scheifele et al. (1998) found that the same was
true for passive sonic deterrence devices.

Signal attenuation, which results from geometrical spreading (cylindrical and
spherical) from a coherent source (Piercy et al. 1986) as well as absorption (Scheifele
et al. 1998), must be overcome to use ultrasonic frequencies effectively.  The
manufacturer’s diagram (Fig. 1) shows no evidence of geometric spreading as the Shu
Roo signal is drawn funneled down the road when it should spread to the sides of the
road.  Nor does the diagram show any evidence of the Doppler Effect, as all
concentric waves drawn are evenly spaced.  Commonly signal attenuation and
absorption are overcome by having a large source signal (> 120 dB).  Signal
attenuation increases exponentially with increasing frequencies above 8 kHz (Beranek
1971; Manning 1981).  In this study a signal loss of 20 dB from 20 – 50 m at the test
condition temperature (18º C) was observed.  This was consistent with other studies
that have measured attenuation in ultrasonic devices (Woronecki 1988; Bomford
1990; Scheifele et al. 1998).  The Shu Roo did not produce a signal that was loud
enough to overcome attenuation, limiting it to a range of up to 50 m in a static
situation and no distance at all in a dynamic situation.  In windy conditions, the
signal-to-noise ratio decreased further (as acknowledged by the Shu Roo
manufacturer), so performance was even poorer.

Behavioural response
Captive eastern grey and red kangaroos did not become alert or take flight in response
to the Shu Roo signal contrary to the manufacturer’s claims.  This is consistent with
behavioural studies of ultrasonic devices in other species (e.g., Dryden et al. 1989;
Bomford & O'Brien 1990b; Mills et al. 2000).  Based on the static trials the Shu Roo
was at a distance that should have resulted in an audible signal for the kangaroos.  The
kangaroos did look towards the Shu Roo, but this occurred both when it was on and
off suggesting it was not the Shu Roo that was attracting their attention.  Guppy
(1985) showed that the gain created by the external ear of the Eastern Grey Kangaroo
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was greater than 5 dB between 0.7-25 kHz, exceeding 15 dB between 1.5-12 kHz and
having an additional peak at 18 kHz.  A similar frequency range was determined from
recordings in resin casts of eastern grey kangaroo ears (unpublished data), suggesting
that the lower frequencies produced by the Shu Roo are within the kangaroo’s hearing
range.  However, these studies do not tell us how these frequencies are processed once
passed the tympanic membrane, only that the ear structure amplifies these
frequencies.  It remains to be determined whether the frequencies produced in the Shu
Roo signal are within the kangaroo’s hearing range.

The Shu Roo manufacturer suggests that kangaroos would respond to the Shu Roo
signal because it resembles the sound of their predators when they are hunting.
Dingoes are the main non-human predator of kangaroos (Robertshaw & Harden
1986).  However, spectral analyses of canid vocalisations suggest that they do not
extend above 8 kHz (Fox & Cohen 1977).  Moreover, predators generally do not
vocalize while hunting (Henry 1986; Corbett 1995; Murray et al. 1995; Webb 1996).
Incidental noises made as predators move across the ground (e.g., Henry 1986) may
have ultrasonic elements, but are unlikely to concern kangaroos because dingoes do
not use stealth while hunting (Jarman & Wright 1993; Corbett 1995).  Kangaroos
have been observed to respond to auditory signals given by conspecifics (Jarman
1991; Coulson 1994, 1997b).  Vocalisations made by kangaroos tend to be harsh
broadband signals below 12 kHz (Guppy 1985; Coulson 1997b) and are made either
during courtship or agonistic encounters (Kaufmann 1975; Croft 1981a, 1981b),
neither of which results in alarm or flight.  The only kangaroo signal associated with
alarm and flight is not a vocalization, but a low frequency foot thump.  It is therefore
unlikely that a high frequency signal such as that produced by the Shu Roo would
convey any social meaning to kangaroos.

The distance between the kangaroos and the Shu Roo may have effected their
reaction.  Flight distance is the specific amount of space surrounding an animal in
which the animal feels at rest (Hediger 1964 cited by Scheifele et al. 1998).  Jarman
& Wright (1993) observed an overall mean reaction distance (± s.e.) of 121.4 ± 9.5 m
for eastern grey kangaroos, while (Corbett 1995) found eastern grey and red
kangaroos to take flight at 98 and 105 m respectively.  Kangaroos in both of these
studies were responding to a disturbance on foot, either a dingo or a human.  All
behavioural tests in this study, however, fell within this range, so it is unlikely that
kangaroos did not take flight because the disturbance was outside their flight distance.
It is possible though that the captive kangaroos did not respond to the Shu Roo
because they had been previously exposed to similar frequencies, which they had
become habituated to.  Many animal species become habituated to auditory stimuli
rapidly (e.g., Conover 1994; Smith et al. 2000).  Background recordings at the site,
however, did not indicate the presence of any frequencies that overlapped with those
produced by the Shu Roo at the time that the trials were taken, so habituation was
unlikely.  However, there was a decline in red kangaroo vigilance levels with repeated
presentation, suggesting that some habituation to the test protocol was occurring.

Road survey
The Shu Roo road survey ran for a total of two years, during which 278 companies or
individuals were contacted throughout Australia, with the greatest number in Victoria.
Many of these individuals, including the survey participants, passed through habitats
perceived to have high numbers of kangaroos.  A range of seasons, moon phases and
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times of day were included in the survey period and should account for possible
variation in kangaroo and human activity patterns.  The vehicles participating in the
Shu Roo survey were thus considered to be representative of those that may become
involved in kangaroo/vehicle collisions in southeastern Australia.

The general perception that collisions with kangaroos are common (Willoughby 1999;
Cotton 2000) was not supported by this study.  The majority of survey vehicles (84%)
did not hit any kangaroos over the survey period.  On average, a vehicle had to travel
13,513 km before hitting a kangaroo.  Despite the overall low kangaroo hit rates, a
comparison between the Shu Roo and control vehicles could still be made.  There was
no significant difference between the hit rate of the control and treatment vehicles.
This suggests that the Shu Roo made no difference to the number of kangaroos hit by
vehicles, contrary to the manufacturer’s claims.

The manufacturer advises that vehicle speed should be reduced when driving where
vegetation on the road verge is thick, or when there is a crest or bend in the road.
This advice is probably the most effective method of reducing collision rates with
kangaroos, and it is the author’s opinion that it is largely these modifications in driver
behaviour that result in any perceived effectiveness of the Shu Roo.

Conclusion
The promotional literature proclaiming the scientifically proven efficacy of this
ultrasonic deterrence device, the Shu Roo, grossly exaggerates its capabilities.  The
results of the signal characteristics and behavioural responses generate four clear
conclusions:

• The Shu Roo is not purely ultrasonic.
• The Shu Roo does not produce sound that is detectable at 400 m.
• The Shu Roo does not alter the behaviour of either eastern grey kangaroos or red

kangaroos.
• The Shu Roo does not reduce the number of collisions between vehicles and

kangaroos.
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