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Tonic immobility in Japanese quail can reduce
the probability of sustained attack by cats

R. K. R. THOMPSON, R. W. FOLTIN, R. J. BOYLAN, A. SWEET,
C. A. GRAVES, and C. E. LOWITZ

Franklin and Marshall College, Lancaster, Pennsylvania 17604

In a two-choice experiment, cats (Felis domesticusi chose an active quail (Coturnix coturnix
japonica) more often than a quail in tonic immobility (TI). In a second experiment, cats were in
dividually presented with two active quail in an open field. Holding and biting by the cat, par
ticularly about the neck, was necessary for inducing TI in a bird. Overall, the total time spent by
a cat in stalking, attacking, and handling a bird was inversely related to the total time spent in
TI by the bird. These results support the hypothesis that TI is a terminal defense mechanism
elicited by predator contact. TI apparently eliminates the movement stimuli that sustain fur
ther attack.

Many invertebrate and vertebrate animals, upon
release from brief physical restraint, do not attempt
to escape but, instead, remain in an immobile state
characterized by relative muscular hypertonicity, in
termittent eye closure, and depressed heart rate (e.g.,
Maser & Gallup, 1977; Nash, Gallup, & Czech, 1976).
This phenomenon has been labeled variously as death
feigning, animal hypnosis, and, more recently, tonic
immobility (TI) (Crawford & Prestrude, 1977; Gallup,
1974).

A major theoretical interpretation of TI is that it
functions as an adaptive terminal defensive reaction
occurring in response to predatory attack (Gallup,
1977; Ratner, 1967). With rare exception (Francq,
1969; Sargeant & Eberhardt, 1975), naturalistic ob
servations supporting this viewpoint are anecdotal
(e.g., Vogel, 1950). Francq (1969), investigating
death feigning in opossums (Didelphis marsupialis),
reported that all 25 animals "fully grabbed" by a
domestic dog displayed T1. Unfortunately, the dog's
reaction to TI was not documented, and, hence,
Bragg's (1945) conclusion that TI is in fact not adap
tive but, rather, is an abnormal fear-potentiated (i.e.,
"scared stiff") response to predation cannot be sim
ply dismissed by Francq's results. Perhaps the only
convincing demonstration of the survival value of TI
in a naturalistic study is Sargeant and Eberhardt's
(1975) finding that 29 of 50 (58010) ducks induced into
TI when seized by a fox (Vulpes fulva) survived the
initial attack.

Most of the experimental data interpreted as sup
porting the antipredator defense theory of TI comes
from laboratory studies investigating the effects of
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such factors as predator distance and physical attri
butes on, for example, the duration of TI (e.g., Gallup,
Nash, Donegan, & McClure, 1971; Hennig, Dunlap,
& Gallup, 1976). However, all of these laboratory
studies have simulated predation through the use of
predator models (e.g., stuffed hawks and owls) and
experimenter-induced TI, and, therefore, the evi
dence they provide for the antipredator defensive
theory of TI is at best indirect. Although the simula
tion procedures have generated considerable impor
tant information about those aspects of predator
models maintaining TI, they have not, indeed can
not, provide answers to questions concerning the
probability either of TI following a predatory attack
or of a predator's response to TI should it occur. Yet,
information about these latter aspects of predator
prey interactions is crucial if the functional role of TI
is to be adequately evaluated experimentally in the
laboratory.

The present study was carried out primarily to de
termine if, under laboratory conditions, TI would ac
tually reduce the amount of attention focused on an
animal by a predator. Also of interest was whether or
not TI would be induced by an attacking animal in
the laboratory, as has been demonstrated in the cited
field studies.

Domestic cats (Felis domesticus) and Japanese
quail (Coturnix coturnix japonica) were used as rep
resentative predators and prey, respectively, in both
experiments. Cats have been used previously in lab
oratory studies of felid predatory behavior (e.g.,
Adamec, 1975; Biben, 1979), although the response
of their prey was not focused upon. Experimenter
induced TI has been demonstrated previously in quail
species (Benoff & Siegel, 1976; Borchelt & Ratner,
1973). Domestic cat predation on natural quail pop
ulations is well documented (Stoddard, 1931), and

Copyright 1981 Psychonomic Society, Inc. 145 00904996/81/010145-05$00.75/0



146 THOMPSON, FOLTIN, BOYLAN, SWEET, GRAVES,AND LOWITZ

genetic analysis of TI in Japanese quail suggests prior
natural selection as an adaptive trait (Benoff & Siegel,
1976). Also, a photograph of a mosaic from ancient
Pompeii depicting a cat preying upon a quail indi
cates that humans have observed the predator-prey
relationship between these animals for at least 2,000
years (Leonard von Matt/Photo Researchers; pub
lishedin the 1979,September, calendar of the American
Museum of Natural History).

We were not insensitive to the fact that the design
of the study necessitated the possible injury or death
of live unanesthetized birds. We therefore submitted
the rationale and design of the experiments to the
Franklin and Marshall Psychology Department's re
search ethics committee for review and approval be
fore carrying out the research.

EXPERIMENT 1

Movement is apparently the salient prey attribute
that increases the probability of attack in a variety of
different animals, including snakes, rodents, and
carnivores (Eibl-Eibesfeldt, 1961; Fox, 1972; Herzog
& Burghardt, 1974; Leyhausen, 1979; Moyer, 1968;
Van Hemel & Colucci, 1973). According to Leyhausen
(1979), prey movement and direction of movement
are the only factors which innately release crouching,
stalking, and catching actions in cats. An immobile
prey animal is apparently liable to attack only from
cats highly experienced in hunting.

Given that TI, like freezing (Blanchard & Blanchard,
1972), minimizes the primary stimulation for attack,
its presumed adaptiveness might depend upon the
greater likelihood of a predator's terminating an
attack on an animal in TI (Gallup, 1977). To test this
notion, we first tested the preference of cats given a
spatial choice between one unrestrained quail and an
other in TI. A similar procedure, involving cats and
chickens, was used in an unpublished experiment,
described briefly by Gallup (1974), in which the cats
approached and stalked a mobile bird almost three
times as often as they did a chicken in TI.

Method
Subjects. Four domestic cats (Felis domesticusiand 32 Japanese

quail iCoturnix coturnix japonica) served as subjects. The adult
cats were drawn from the Franklin and Marshall Psychology
Department's cat colony and had served previously as subjects in
simple visual and auditory learning experiments. The male and
female quail were at least 15 weeks of age during testing. The birds
had been raised in the psychology laboratories and had been used
previously as subjects in an illness-induced aversion study (Foltin,
1978).

Apparatus. The triangular shaped testing arena was placed in
a f1uorescently lit 3 x 3 m room that had tiled walls and floor and
a suspended wire-mesh ceiling. The two side walls of the arena
were made of i-m-high heavy-duty corrugated cardboard sup
ported by wooden braces. The wall between the test room and ad
jacent observation room formed the base of the arena. The dis
tance from the base of the arena to its apex was 3 m. An alu
minum start box was placed at the apex of the arena. A l-rn-high

corrugated cardboard divider extended I m out from the center of
the base wall into the arena. Animals in the arena were observed
through a 1.2 x 3.4 m one-way mirror set in the base wall .58 m
above the floor. Choice response latencies were recorded using an
electronic (Lab-chron 1405) timer.

Procedure. Each of the four daily testing sessions consisted of
four discrete trials separated by a 10-min intertrial interval. Hence,
a total of 16 trials were run. Each session was run between the
hours of 4:30 and 6:30 p.m., about 6 to 8 h after the regular
daily feeding of the cats with commercial cat chow. A different cat
was used during each session to avoid possible habituation of the
choice approach response resulting from removal of the birds from
the cats after each trial. Also, new quail were used as prey sub
jects in each session.

At the start of each trial, the cat was placed into the startbox
located at the apex of the testing arena. Two quail were then
placed into the arena via two wall openings between the arena and
adjoining observation room. One bird was put to the left and one
to the right of the center divider. One bird was unrestrained and
allowed to move about freely, but the other bird was in a state of
TI induced by an experimenter's briefly restraining it on its side in
the manner described by Gallup, Nash, and Wagner (1971). Spa
tial position of the two types of bird was balanced over trials.
When the two birds were in position, the startbox was raised and
the cat was allowed to enter the arena and approach one bird. Both
the type of bird chosen and the choice response latency were re
corded by the experimenters in the adjoining observation room.
Immediately after one bird was attacked, the cat was enticed away
from the birds, which were then retrieved from the arena. Attacked
birds were then immediately sacrificed with chloroform to mini
mize any further suffering.

Results and Discussion
The unrestrained moving bird was chosen by the

cats on 14 of the 16 trials. No one cat chose a bird in
TI more than once. This proportion (.875) of ap
proaches to the moving bird differs significantly
from chance (z = 3, p < .005). Mean choice re
sponse latencies on Trials 1 through 4 were 2.5,3.1,
6.5, and 23.2 sec, respectively. The mean for Trial 4
contained one deviant latency of 83.7 sec, which was
obtained when one cat initially failed to leave the
startbox.

The results demonstrate that TI clearly reduces the
probability of a bird's being attacked by a cat when
a moving bird is present. These results are also con
sistent with the earlier unpublished finding (described
in Gallup, 1974) that cats approached and stalked
moving chickens significantly more often than they
did immobile birds. Both sets of results support the
hypothesis that the adaptiveness of TI lies in its elim
inating the salient movement stimulus that not only
elicited but also sustained the approach response of
cats.

EXPERIMENT 2

TI in the first experiment, as in other laboratory
studies (e.g., Gallup et al., 1971), was induced by an
experimenter and not by the cat. In this experiment,
the cats initially encountered only moving birds. One
aim was to confirm in the laboratory that TI, unlike
freezing, appears as a terminal defensive reaction
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only after a bird actually is restrained physically by a
cat. But, perhaps more importantly, we also wanted
to determine if predator-induced TI, should it occur,
inhibited continuation of an attack, as predicted by
the antipredation defensive reaction interpretation of
TI and suggested by the results of Experiment I. Be
cause it is unlikely that social quail would normally
be alone when first attacked, two quail were used on
each trial.

Method
Subjects. The four cats used in the first experiment served again

as predators, one cat per session. Thirty-two new quail were used
as the prey subjects. A different pair of quail was used on each
trial.

Apparatus. Except for the removal of the center divider, the
testing arena was the same as in the first experiment.

Procedure. Each of the four daily testing sessions consisted of
four 4-min discrete trials separated by a IO-min intertrial interval.
At the start of each trial, a cat was placed in the startbox at the
apex of the arena. Following the release of two unrestrained mo
bile quail into the arena, the cat was released from the startbox
and timing of the 4-min trial was begun.

During each trial, the total time spent by the cat in stalking,
attacking, and prey handling each bird was recorded. Stalking was
defined as noncontact prey-oriented movements; attacks were rapid
forward movements culminating in physical contact with a bird;
and prey handling involved manipulation of a bird by the cat with
its forepaws and/or mouth (cf. Biben, 1979). The number and lo
cation of cat bites during prey handling was recorded. as was
the total time spent by each bird in TI. TI was defined as prey
immobility following contact by the cat and was characterized by
the bird's lying on its side or back with its legs stretched out rigidly
and showing no response to prey handling or other stimulation.
Freezing was defined as immobility occurring without actual con
tact by the cat and was characterized by the bird's standing mo
tionless in a crouched "hunched" position.

At the end of each trial, the cat was enticed away from the
birds, which were removed from the arena and sacrificed with
chloroform.

Results
Two of the four cats did not attack or bite any of

their respective eight prey birds but instead spent
each trial simply following and stalking the two birds
about the arena and occasionally nosing and lightly
batting the birds with their forepaws. None of the
birds on these eight trials went into TI. Instead, they
attempted to escape by running away from the ap
proaching cat and occasionally abruptly fluttering
vertically into the air. In one instance, a bird froze in
a corner of the arena for about 100 sec, during which
the cat stalked and followed the other bird about the
arena.

The other two cats not only stalked their respective
prey quail, but also attacked, bit, and handled them.
Also, TI was induced at least once in one bird of a
pair on four of the eight trials, in both birds on three
trials, and in neither bird on one trial. On this partic
ular trial, one bird froze for all but about 5 sec of
the trial and the cat stalked. but did not attack. the
remaining bird.

After TI was induced in a bird, the cat would leave
it to stalk the remaining moving bird. A bird would
be reattacked if it came out of TI during a trial. In
one case, a bird was reattacked, killed, and partially
eaten after it came out of TI and moved while the
second bird was still in TI. Of the total 18 separate
times that TI induction was observed, it occurred
9 times following a neck bite, 7 times following prey
handling about the head, twice following a back bite,
and never following a wing bite or prey handling of
the non neck parts of the bird's body. There was con
siderable individual variability both in the time spent
by the two cats in preying upon (i.e., stalking, at
tacking, and handling) each bird (mean = 93.6 sec,
SD = 76.02 sec, range = 5 to 200 sec) and in TI
durations recorded for the quail (mean = 80.3 sec,
SO = 85.5 sec, range = 0 to 217 sec). A Pearson
product-moment correlation between cumulative
TI duration per trial for each bird and the total time
it was preyed upon by the cat was significant (r =
-.71, p < .01). In other words, the more time a bird
spent in TI during a trial, the less time it was preyed
upon.

Discussion
The results of this experiment demonstrate that TI

does occur in response to attack. The birds' initial re
sponse to an approaching cat was to flee. Freezing
was also observed on occasion before actual contact.
However, mere physical contact, such as paw-batting
of a bird by a cat, was not sufficient to induce TI in
a bird. TI was observed only in those cases in which
a eat's behavior culminated in holding and biting,
particularly biting about the neck region. This pat
tern of responses by the birds, especially the associa
tion between TI induction and the locus of the nor
mal felid predatory bite (Ewer, 1973), confirms that
TI is a terminal defensive reaction that occurs only
after other defenses have failed but the animal has
survived the initial contact (cf. Ratner, 1976; Rovee,
Kaufman, & Collier, 1977). The probability of sur
vival following the initial attack may be affected by
other factors, such as the eat's hunger and past pred
atory experience (Biben, 1979; but cf. Polsky, 1975).

Another major finding of this experiment is the in
verse relationship between TI duration and contact
with the cat. This finding provides strong experi
mental evidence that TI is effective in reducing the
probability of sustained attack and handling, as indi
cated by the results of our first experiment, by elim
inating the movement stimuli that elicit attack by the
cat. The observation that once TI was induced a cat
left a bird to stalk the remaining moving bird lends
some empirical credence to historical and recent an
ecdotes in which Dr. Livingston and Legault were
dropped by an attacking lion and a polar bear, respec
tively, in order to attack another person who was
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moving (Greenwood, 1885, and Legault, 1976, as
cited in Mountjoy, 1980).

One might argue that, in a natural setting, alter
native, moving birds might not be readily available
to entice the cat away from a captured immobile
bird as was the case in the present experiment. Mem
bers of a quail flock likely would rapidly flee and dis
perse in response to the eat's initial attack. However,
Leyhausen's (1979) observations that cats invariably
walk away temporarily from captured prey as soon
as it stops moving (also see Biben, 1979) suggests
that alternative, moving prey might not be a neces
sary condition for an animal in TI to be left with an
increased opportunity to escape.

The considerable variability in TI duration ob
tained in the present experiment is consistent with
similar findings in studies of experiment-induced TI
in various species (e.g., Gallup et al., 1971). This
similarity in the birds' TI responses across studies en
courages the view that the data obtained using simu
lated predation procedures are not artificial but do
accurately reflect the functional relationships be
tween TI and predation.

The individual variations in the cats' responses to
the birds is consistent with similar observations made
in studies of predatory behavior in cats by both
Adamec (1975) and Biben (1979). The behavior of
the two cats that stalked, pawed, but did not attack
and bite their birds is reminiscent of the defensive
attack and predatory-play behaviors described by
Adamec (1975) and Biben (1979), respectively. The
failure of two of our four cats to attack and bite birds,
therefore, is possibly attributable to a conflict be
tween a fear of the unfamiliar birds and movement
induced attack tendencies which might have been re
solved had the cats had greater experience with the
birds. However, these cats did attack birds in Experi
ment 1. Therefore, it may be more parsimonious to
interpret the results with two moving prey (Experi
ment 2) in terms of an approach-approach conflict,
which reduces the probability of attack on anyone
bird.

In summary, the results of the present study con
firm that movement is the primary salient stimulus
eliciting attack by cats. More importantly, we believe
that the results provide the first clear evidence from
a laboratory study that TI occurs in response to at
tack and, once induced, reduced the probability of
sustained attack. These results therefore provide
strong empirical support for the theory that TI is a
terminal defensive reaction that may well have adap
tive significance in the context of predator-prey in
teractions.
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