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Abstract:  Three ultrasouic deviegs (20, 20-30, and 40 kHz) were tested for effectiveness in repelling
Philippipe rats (Battus rattus mindanensis) under 3 cots of test conditions (i.e., plentiful vs. restricted
Tood suppl_\'. native vs. immigrant rats, and continuous vs. discontinnous ultrasound). Food consumption
was significantly reduced for all devices under the plentiful-food condition. With restricted feod, only the
20-30- and 40-kHz devices reduced feeding. Innnigrant rats (animals preadapted to living adjacent to the
ultrasound test chambers) showed a high avoidance of the new sound chamber ar=as including the control
(no ultrasound), making the test insensitive. Native rats (animals preadapted (confined] to the chambers
before exposure to the ultrasound devices) showed significan® avoidance of foox] in 3 test chambers con-
taining the ultrasound devices, especially the 20-kHz unit. A 2nd repellency measure (rat photocell breaks

per day) yielded a similar index of efficacy for the 3 devices. The 30-kHz device produced the lowest
photacell-break activity daring the native-rat condition. A 30-dB reduced-intensity trial vielded no ret
activity effects for any of the devices. Efficacy of the devices was therefore highly dependent upon ultra-
sonic frequency, intensity, and the preexisting rodent-infestation condition.
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Since the first demonstration that ro-
dents were capable of emitting ultra-
sound (Anderson 1234), many studies
have indicated that ultrasonic frequen-
cies may be used for communication in
Rodentia (Sales and Pye 1974). Ultrason-
ie cries can be elicited in Norway rats
(Rattus norvegicus) by cold stress or
electric shock (Noirot 1972, Bell et al.
1974), isolation of rat pups (Allin and
Banks 1972), or handling (Anderson
1954). High-frequency sounds in the
range of 20-50 kilohertz (kHz) are also
produced by Norway rats during court-
ship (Sules 1972h), after mating (Barfield
and Gever 1972), and during aggressive
encounters (Sales 1972q).

High-intensity sound at 120-150 deci-
bels (dB) has been used to produce au-
diogenic seizures and death in both lab-
oratorv and wild Norway rats (Morgan
and Gould 1941), but such sound levels
may damage the human ear, and wild rats
are not as susceptible as laboratory
strains (Sprock et al. 1967). Although ul-
trasound can elicit alarm response in rats
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in certain situations, there is no firm evi-
dence that ultrasound is noxious to rats.
Only 1 report (Belluzzi and Grossman
1969) indicates that ultrasound may
sometimes be as effective as electric
shock in producing aveidance in rats.
TLis report indicated that albino rats
would reliably avoid the ouset of 20-30-
kHz ultrasound by making an escape re-
sponse in the presence of a cue light.

Several commercial ultrasonic devices
for repelling rats and mice have been
marketed for food-storage warehouses,
grain elevators, and other facilities where
the use of rodenticides may be impracti-
cal. These devices are not ordinarily nsed
in combination with lethal rodent con-
trol, but manufacturers often recommend
that materials that attract rats (harborage,
spilled food, and water) be removed
when the units are installed.

The conditions under which these de-
vices produce their maximum effecis
have not been investigated. For example,
we can hypothesize that food-deprived,
re<ident rats that have been continuously
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exposed to ultrasound should be ex-
tremely difficult to repel. In this report,
we evaluate the repellent efficacy of 3
devices (20, 20-30, and 40 kHz) under
each of 2 levels of food availability, liv-
ing-space familiarity, and ultrasound con-
tinuity. Comparisons of repellent efficacy
for cach set of conditions allow accep-
tance or rejection of the above hypothe-
SCS.

Philippine rats were chosen as test an-
imals because they quickly establish so-
cial hierarchies in a colony situation with
minimal fighting, and because manufac-
turers often seek overseas markets for ul-
trasonic devices. This species causes ex-
tensive damage to rice crops in the
Philippines (Fall 1977), and can cause
serious postharvest losses unless the rice
is stored in rat-proofed structures.

We thank the personnel at the Rodent
Rescarch Center (now the National Crop
Protection Center), Los Banos, the Phil-
ippines, for providing the R. r. minda-
nensis and encouragement in the under-
taking of this research. This work was
partially supported by the U.S. Agency
for International Develogment, under
the proiect entitled “Control of Verte-
brate Pests: Rats, Bats, and Noxious
Birds,” PASA RA(ID) 1-67.

METHODS

Sixty male rats captared in the Phiiip-
pines were shipped by air to Denver,
Colorado. All were individually caged for
at least 3 weeks before testing, and were
givea Purina Laboratory Rat Chow and
water ad libitum.

The 3 ultrasound devices under test
were: 20- and 40-kHz generators (Urie
One,' Smith-Lee Co., Oneida, N.Y.), and

! Reference to trade names does not imply en-
dorsement by the Federal Government.
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Fig. 1. The experimental test facility for simultaneous
comparison of rat responsns to 3 ultrasonic devices (U,~
U;) vs. control (C). The enlarged view details the interior
of 1 of the ultrasound test chambers.

a device that cycled from 20 to 30 kFz
every 0.3 seconds (Kent and Grossman
1968). The 3 devices produced peak out-
puts of 118, 116, and 103 dB, respec-
tivelv, as measured 30 cm from the
source with a B & K sound-level meter.
Both Urie One devices operated with a
50% duty cvele, and the 20-30-kHz de-
vice generated a continuous signal.

All experiments were conducted in an
insulated metal building with a floor area
of 95 m?. Four interconnected 9-m? en-
closures with 6.35-mm wire-mesh covers
were located inside the building (Fig. 1).
Connecting tunnels and sides of the en-
closures were constructed with 12-gauge
galvanized steel sheeting. Tunnel di-
mensions were 3 x 0.6 x 0.3 m. Located
in the center of each enclosure was a sep-
arate sound-attenuating test chamber
(1.95 m?) constructed of 0.6-cm plywood
and double walls of 3.75-cm-thick com-
pressed fiberglass (Fig. 1, exploded
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view). Each chamber had 2 10 x 10-cm
entrances. The chamber interiors acted
as housing for each of the 3 ultrasound
devices (20, 20-30, or 40 kHz); the 4th
chamber contained a silent control de-
vice. Each chamber also contained 200 g
of powdered food, water bottles, and an
infrared photocell detector. During test
trials, introduced rats could freely move
through the iaterconnecting tunnels and
visit any enclosure or test chamber. Peak
frequency output and intensities of each
device were measured within and out-
side each ultrasound test chamber before
any animals were tested. Sound attenua-
tion at the entrances to each chamber was
50 dB. No measurable ultrasound levels
were detectable 20 em from the cham-
bers.

Plentiful- vs. Restricted-food
Experiment

Two groups of rats (N = 12 each) were
tested for ultrasound repellency under
identical conditions except food avail-
abilitv. Each group was first acclimated
to the enclosures, test chambers, and tun-
nels for 3 days. During this period, Pu-
rina Laboratory Rat Chow and water
were available in the enclosures and
chambers. All food was then removed
from the enclosures, and the rats were
forced to enter the chambers to obtain
food. The 3 ultrasovnd devices were op-
erated continuously for both groups
throughout this 10-day period. Food con-
sumption and rat activity (photocell
breaks) in each chamber were measured
daily. The 12 rats tested under the plen-
tiful-food condition were given 200 g of
lab chow in each chamber daily; the an-
imals in the restricted-food condition
were given only 100 g of lab chow in cach
chamber. Thus, in the plentiful-food con-
dition, 16.67 g of food was available per
rat per day if all animals avoided the ul-
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trasound test chambers and fed from the
control chamber. In contrast, in the re-
stricted-food condition, only 8.33 g of
food was available (daily) for each rat
from the control chamber. These 2 con-
ditions simulated 2 kinds of food-storage
rat-infestation situations, i.e., food scar-
city vs. abundance in areas adjacent to a
food-storage area.

Native- vs. Immigrant-rat Experirnent

In the 2nd experiment, 1 group of rats
(N = 12) was labeled “native,” meaning
ihat their first exposure to ultrasound oc-
curred in a familiar area. A 2nd group
(N = 12) was labeled “immigrant,”
meaning that their first exposure to ultra-
sound also involved their first access to
an unfamiliar area. Relative efficacies of
the devices were thus evaluated under
conditions that simulated either a pre-
ventive usage (i.e., prevent or reduce rat
invasions into a structure) or a corrective
usage (i.e., eliminate or reduce an exist-
ing rat infestation of a structure).

The immigrant-rat group was given 3
days of acclimation to the enclosures and
tunnels, but was excluded from the test
chambers, with wire mesh placed across
the entrances. Food, water, and shelter
were available ad libitum. During the 10-
day test phase, the ultrasound devices
were activated, the entrances opened,
and food, water, and shelter were avail-
able hoth inside and outside the cham-
bers. Amount of food consumed and rat
activity were measured daily.

The native-rat group was first confined
inside the test chambers (3 rats per cham-
ber) for 7 days with food and water avail-
able. Then all rats were released from the
chambers, the 3 ultrasound devices were
activated, and the animals were allowed
free access to all 4 chambers.

The native-rat condition was then rep-
licated with the ultrasound output of
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Table 1. Daily food consumption (g) of Philippine rats exposed to the control and 3 ultrasound chambers for 10 days

under each of 6 test conditions.

Ultrasound chamber

Control 20 kHz 20-30 kHz 40 kHz

Test condition £ sD i D £ sD % SD
Plentiful food 40.8 20.3 6.8 10.8** 10.2 7.6* 5.1 9.4**
Restricted food 46.4 10.4 16.2 79 11.6 4.8** 13.3 6.2%*
Lnmigrant rats 4.1 5.1 3.8 12.0 1.8 57 38 2.2
Native rats 88.0 9.8 0.0 0.0** 393 23.0* 36.0 14.9*
Native rats (=30 dB)  41.9 15.0 88.4 8.8 377 20.4 39.1 7.9
Rat activated 374 224 7.3 5.2%* 8.5 5.3* 11.8 70

® P < 0.05 (vs. control), ** P < 001 (vs. control).

each device reduced 30 dB, simulating
an increase in distance of 10.7 m from the
ultrasound source. This simulated a rat
i1 festation where only a few devices are
used to protect large arcas of food-storage
space (i.e., approximately 360 m*device)
inside a structure.

Continuous- vs. Discontinuous
(Animal-activated)-ultrasound
Experiment

The 12 rats used under the plentiful-
food condition also provided data for a
continuous-ultrasound test condition. A
separate group of 12 male rats was tested
under these same conditions except that
photocell beams were used to activate
the 3 ultrasound devices individually for
20 seconds when a rat entered 1 of the
test chambers. This was accomplished by
connecting 3 Agastat (Model 26150A)
time-delay relays to the photocell cir-
cuits. This procedure was designed to re-
duce rat habituation or deafness effects
that could result from long-term exposure
to high-intensity ultrasound.

Statistical Analyses and
Interpretation of Effects

The raw data were tabulated into 12
Friedman Randomized Block tests (6 for
food consumption and 6 for photocell
breaks) with control, 20, 20-30, and 40
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kHz as the main variables for =ach con-
dition. If significant (P < 0.05) differ-
ences were found among the various
types of devices, Wilcoxon Rank Sum
tests were run on preselected pairs (i.e.,
Control vs. 20, 30, or 40 kHz).

For the 3 main experiments, food-con-
sumption and photocell-break data were
transformed to + or — percent change
from control-chamber values to compen-
sate for day-to-day variations in overall
feeding and activity levels. To obtain a
“percent repellency” measure, the sign
(+ or —) of the percentages was reversed
(i.e., —40% feeding equals +40% repel-
lency). Separate Friedman’s nonparamet-
ric analyses (Winer 1962) were then cal-
culated using the percent-repellency
measures for all conditions for each de-
vice and both measures. Thus, 6 Fried-
man Randomized Block analyses were
used in this part of the analysis.

RESULTS
Repellent Efficacy

The experimental design used during
all test conditions did not incorporate di-
rect replications with independent groups
of rats. It was therefcre necessary to con-
duct 6 separate analyses on the consump-
tion data and 6 on the photocell-break
data (Tables 1, 2). The food-consumption
measure was more sensitive in detecting
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Table 2. Activity (photocell breaks per day) of Fnilippine rats exposed to the contrcl and 3 ultrasound chumbers for 10

days under each of 6 test conditions.

Ultrusound chamber

Control 20 kHz 20-30 kHz 40 kHz

Test condition X sD 1 SD t sD 2 sD
Plentiful food 185.9 70.5 229 18.1** 98.4 61.6 294 33.8**
Restricted food 164.8 66.3 85.5 34.2 16.6 8.3¢* 483 31.7*
Immigrant rats 137.2 91.1 18.4 14.1** 152.6 152.2 90.2 29.7
Native rats 167.9 111.7 7.0 16.0** 162.6 85.7 162.1 50.3
Native rats (—30 dB) 308.4 146.2 869.3 148.5 205.6 73.8 315.7 458
Rat activated 142.6 927 39.0 27.6 439 36.9 43.2 20.3

* P < .05 (vs. control), ** P =2 0.01 (vs. control),

differences (P <2 0.05) among devices
when compared with the rat-activ.ty
measure (10 vs. 6, respectively). The cor-
relation coefficient between the 2 mea-
sures was 0.717 (Pearson r). In 3 of 6 tes:
situations for both measures (consump-
tion and vhotocell breaks), the 20-kdz
device was effective in repelling the rats.
However, this device had no repellent
effect under the restricted-food condi-
tion, suggesting a constraint on its use in
situations where rats might be highly
motivated to seck food. The most dra-
matic ultrasound repellency effect oc-
curred in the native-rat condition; no
food wuas taken from the 20-kHz test
chamber during this 10-day test trial.
However, no repellency effect was
shown for any of the devices under the
native-rat conditien when all ultrasound
intensities were reduced 30 dB (Tables
1, 2), indicating that both frequency and
intensity of ultrasound are necessary
components for producing feeding repel-
lency.

Paired Test-condition Effects

Food-consumption repellency for the
20-kHz data decreased (P < 0.03) when
conditions were changed from plentiful
food (82.6 = 26.6% repellency) to restrict-
ed food (3.0 = 30.5% repelleney), and
when the change was made from the

native-rat condition (100 * 0.0% repel-
lency) to the immigrant-rat condition
(-12.2 + 125.0% repelleicy). The pho-
tocell activity measure decreased (P <
0.10) from 84.6 = 13.8% repellency under
the plentiful-food condition to 34.2 *
30.0% repellency under the restricted-
food condition.

Friedman tests for the 20-30-kHz data
showed no changes (P > 0.05) in repel-
lency under any of the 3 paired compar-
isons, i.e., plentiful vs. restricted food,
immigrant vs. native, or continuous vs.
discontinnous ultrasound. The 40-kHz
device vielded a decrease (P < 0.05) in
food-consumption repellency when con-
ditions were changed from continuous
(84.6 + 27.0% repellency) to discontin-
uous ultrasound (58.5 + 26.4% repellen-
cy).

.Bepellency of the ultrasonic devices
was, therefore, highly dependent upon
test condition changes. The 20-kHz de-
vice was as effective as the other 2 de-
vices when food was freely available;
however, under the restricted-food con-
dition, the 20-30- and 40-kHz devices
continued to produce some repellency,
whereas the 20-kHz device had no re-
pellency throughout the 10-day trial (Fig,.
2). In the native-rat condition, the 20-kHz
device produced complete feeding re-
pellency for the entire 10-day test.

J. Wildl. Manage. 46(1):1982



ULTRASOUND REPELLENCY IN RATS * Shumake et al.

153

1001 peenTIFUL FOOD 1007 |MMIGRANTS
(CONTINUOUS)

80 80 —— CONTROL
-
g €0 ~ e  ==ee- 20 KHZ

sl

<
@ 40 40 . e 20-30 KHZ
o i

20f / AT P 20§ A e 40 KHZ
2 Y ’ - 1 9% -
O o z 0 Miﬂ
= 2 4 6 8 10 2 4 6 8 10
o
=
@
> 1001 ResTRICTED FOOD 100)NATIVES 1001 ANIMAL ACTIVATED
0 ] {DISCONTINUOUS)
O eo 80 80
8 60 - 60 60
e} o0 o ' 1
e 40 Y 401 40

20{ - 204 20

L ‘\/(. 1
0 v [+] 0

DAYS

"2 4 S5 8 10

OF TESTING

Fig. 2. Daily tood consumiption of Philippine rats in each chamber during each 10-day test.

{itrasound-habituation Effects

In the native-rat condition, the rats sta-
bilized their food consumption in the
control chamber at a level between 80
and 100 g/day after day 1 (Fig. 2). For
both the 20-30- and 40-kHz devices un-
der this same coadition, food consump-
tion rapidly increased from less than 20
g/day on day 2 to more than 50 g/day on
day 10. These sharp rises in food con-
sumption constitute prima facie evidence
that habituation tu the 2 devices occurred
rapidly. These same effects were evident
in the photocell-break measures: steadily
increasing from 59 to 212 for the 20-30-
kHz device, and from 76 to 189 for the
40-kHz device.

No other test conditions or devices pro-
duced such rapid increases in the mea-
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sures (i.e., rapid loss of repellency) over
the 10-day trials. The immigrant-rat con-
dition tended to suppress feeding in all
chambers (including control) for the en-
tire 10-day trial, making this test condi-
tion insensitive to detecting repellency
differences among the 3 devices. The an-
imal-activated-ultrasound condition pro-
duced an unstab!e control-chamber feed-
ing pattern (Fig. 2).

DISCUSSION

The 3 hypotheses under test predicted
that the rats would show less repellency
when (1) food deprived, (2) familiar (res-
iden?) to a given area, and (3) exposed to
continuous rather than discontinuous (re-
sponse-contingent) ultrasound. The Ist
hypothesis was accepted and the 2nd was



154

rejected for the 20-kHz device. The 20-
30-kHz device produced no repellency
changes between sets of conditions, and
the 40-kHz device indicated a rejection
of the 3rd hypothesis, 1e., continuous-
was greater than rat-activated-ultrasound
repellency.

The observed changes in repellency,
as conditions were changed, are some-
what difficult to understand or explain.
Our data indicate that a 20-kHz device
could be potentially effective in reducing
feeding and rat habitation where there is
abundant food or where there has been
an existing, undisturbed rat infestation
(plentiful-food and native-rat conditions,
Table 1, Fig. 2). When the rats’ food was
limited (restricted-food condition), both
the 20-30- and 40-kHz devices were more
effective. Only 1 device (20 kHz) had the
effect of completely suppressing rat ac-
tivity in 1 condition (native rats). Thus,
the 20-kHz data predict high effective-
ness for protecting food stores only if the
rats have been previously adapted to a
restricted living space that has been al-
most free of external sounds.

A reduction of even 90% of food con-
sumption or rat activity can be unsatis-
factory when food is being stored for
human consumption. Spoilage from
exposure to air or moisture and contami-
nation from rat excreta are often more im-
portant cconomic factors in rat damage to
stored food than actual food consumption
by rats. Some manufacturers of ultra-
sound rodent-repellent devices are now
recommending the use of bait and traps
to augment effectiveness (W. B. Jackson,
pers. commun.). That is, the ultrasound
can be used to produce sound “shadows”
where these other control methods or de-
vices can be made more effective in the
presence of food and shelter. Although
habituation effects were not generaily ev-
ident during many of the test periods,
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they could occur over several weeks, as
has been demonstrated previously in
field tests (LaVoie and Glahn 1977).

Alihough the 20-30- and 40-kHz de-
vices both suppressed rat feeding and ac-
tivity under several of the conditions, our
data obtained with Philippine rats did
not confrm the report of Belluzzi and
Grossman (1969) that the 20-30-kHz de-
vice was as repellent as electric shock.
Previous work with this species (Shu-
make et al. 1979) has indicated high re-
pellency with low-level alternating-cur-
rent electric shock.

Our data did not confirm that the ultra-
sonic devices under test nimicked natu-
ral ultrasonic signals in Philippine rats.
For example, the 20-kHz device pro-
duced complete suppression of feeding
activity in the native-rat condition when
operated at the full 118-dB level. How-
ever, when the sound level was reduced
to 88 dB, perceptible to most rodents of
this size (Kelly and Masterton 1977), re-
pellency was obliterated. The 20-kHz de-
vice probably acted as a painful stimulus
when operated at 118 dB, but did not op-
erate as either a painful stimulus or an
alarm signal when attenuated to 88 dB.
This 30-dB reduction simulated a dis-
tance of 10.7 m from the source. From a
practical standpoint, all ultrasonic ro-
dent-repellent devices are quite limited
in their effective range because the en-
ergy is quickly dissipated and does not
normally reach occluded areas unless re-
flective surfaces are available.

Our data for the native-rat trial suggest
that ultrasound at high intensity can pro-
duce a response similar to a food neo-
phobia (Barnett 1975) in Philippine rats,
especially when the animals have been
living in a highly stable, restricted-sound
environment for several days before ul-
trasound is introduced. The possibilities
of producing the above effect should be

J. Wildl. Manage. 46(1):1982
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evaluated using other rodent species.
Likewise, the potential of using uitra-
sound, and other disruptive stimuli, to
enhance traditional rodent-control meth-
ods such as baiting, trapping, and fumi-
gants should be evaluated in semifield
environments. Although these ultra-
sound devices are most often marketed as
a preventive means of dealing with rat
infestations, they could prove to be even
more useful as an adjunct to traditional
rat control in structures. Future research
should be directed along these lines, and
should include direct replications of each
test condition so that habituation and re-
pellent efficacy can be further evaluated.
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