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EFFECTS OF EARLY EXPERIENCE ON FEAR BEHAVIOUR OF
COTURNIX COTURNIX

By EDWIN W. RUBEL*
Department of Psychology, Michigan State University, East Lansing, Michigan 48823

Moltz (1960) defined ‘imprinting’ as ‘a pro-
cedure (which) has been found to evoke close
following of the object in such precocial aviaun
species as ducks, geese, coots, moorhens and
domestic fowl.” Other investigators (Scott 1962;
Sluckin 1965) have not limited the definition
of this phenomenon to the topographical char-
acteristic of following behaviour. These authors
indicate that many ‘attachments’ revealed by
responses other than following should be classi-
fied as ‘imprinting’.

The reciprocal relationship between fear be-
haviours and approach and following responses
(‘imprinting’) in precocial birds has been well
documented. The development of {ear behaviour
is involved in the termination of the sensitive
period for ‘imprinting’ (Collias 1952; Hess &
Schaefer 1959; Salzen 1962; Schaller & Emlen
1962; Bateson 1964). Conversely, after following
has been established, presence of the stimulus
object tends to inhibit fear behaviours while
its absence will evoke distress calling and in-
creased activity (Hoffman et al. 1966: Stettner
& Tilds 1966).

From these studies it is not clear whether fear
behaviours are directly affected by early ex-
posure to a stimulus or whether these effects are
dependent on the establishment of approach and
following responses. The latter suggests that
‘imprinting’ is a relatively circumscribed phen-
omenon, while the former implies that approach
and following are only part of an array of be-
haviours which can be altered during a sensitive
period in avian development. In the present study
coturnix quail were used to investigate the effects
of early exposure to a stimulus on the fear
behaviours later elicited by that stimulus.
Approach and following behaviours did not
occur during testing. Thus, it was possible to
demonstrate the existence of a sensitive period
during which stimulation will affect fear be-
haviours independently of the establishment of
following, suggesting that ‘imprinting’ can occur
without following.

*Present address: Department of Psychobiology, Uni-
versity of California, Irvine, California 92664, U.S.A.

Methods

Subjects

The subjects were thirty coturnix quail poults
(Coturnix coturnix). Eggs were collected daily
from the breeding colony in the psychology
laboratory at Michigan State University and set
within two days after collection. The eggs were
incubated at 37-8°C and turned automatically
every 3 hr. Within an hour of hatching the young
poults were placed in individual isolation cages
maintained at 374-1°C where they resided for
the entire experiment except during treatment
and testing. Food and water were available ad
libitum. Each animal was housed in visual but
not auditory isolation from the other animals.

Apparatus

Subjects and recording equipment were housed
separately from the treatment and testing room
which was maintained at 35° to 37°C. The initial
treatment and first test were given in a 182
76 X 61-cm wooden alley with white sides. The
alley floor was covered with green, rough sur-
faced paper to provide adequate traction for the
birds. The top was open and a pulley at each end
supported the stimulus which travelled at a rate
of approximately 10 cm per s up and down the
centre of the alley about 5 cm above the floor.

The second test was conducted in a chamber
consisting of two 30 X 46 x 36-cm wooden
boxes connected by an alley 20 cm wide and 41
cm long. The inside of this chamber was painted
dark grey and the top and bottom were con-
structed of hardware cloth. The stimulus was
positioned in one of the compartments in such a
way that it could not be seen from either the
alley or the other compartment. This testing
chamber was, except for the stimulus, a com-
pletely new environment for the poult.

The stimulus was a red-orange translucent
cylinder (5-7 cm diameter x 12-7 c¢cm high)
with a closed bottom and open top. Within
the cylinder was a 6-V bulb controlled by a timer
which caused the light to flash during stimulus
movement. The auditory stimulus was the click
of the timer, which was mounted between the
alley and the testing chamber.
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Procedure

Upon hatching, each poult was taken from the
incubator and placed in an isolation cage. If
the poult appeared normal and healthy, it was
randomly assigned to one of the five treatment
groups listed in Table I (N = 6 for each group).

Table I. Treatment Groups

Group Age (hr) Treatment

I;: early-exposed 5-9  Placed in alley for 1 hr

with the stimulus alter-

nating each 1/2 min

between S-ON (mov-

I,: late-exposed 10-14 ing, flashing, clicking)
and S-OFF (still, light
off, quiet)*

NI;: early-non-exposed  5-9  Placed in alley for 1 hr
with the stimulus in
S-OFF condition at all
times

NI;: late-non-exposed  10-14

C: control - No initial treatment;
remained in isolation

cage until testing

*The S-ON and S-OFF conditions alternated in order to
provide equal habituation time in the alley under each
condition.

After the appropriate treatment each bird was
individually given two test sessions. Each test
session was 18 min long and consisted of three
3-min trials with the stimulus in the S-ON
condition (stimulus moving, light flashing and
clicking noise present) and three 3-min trials
with the stimulus in the S-OFF condition
(stimulus still, light off, and quiet). The S-ON
and S-OFF trials were counter-balanced so
that each subject received either ON-OFF-
ON-OFF-ON-OFF or OFF-ON-OFF-ON-
OFF-ON in a test session. The first test ses-
sion (36-hr test) was 36 to 42 hr after hatch-
ing. The bird was placed in the centre of
the alley. Within 15 s testing was initiated with
the experimenter recording the number of dis-
tress calls during each 3-min trial. For twenty-
five of the thirty subjects the amount of time
that the poult was either making distress calls,
running about the perimeter of the alley or jump-
ing against the walls was also recorded during
each trial. The total time of these responses was
taken as an indicator of total fear behaviour
(Schaller & Emlen 1962).

The second test session (48-hr test) was con-
ducted 48 to 52 hr after hatching. In this test

the poult was placed in the centre of the testing
chamber. The same procedure for presenting the
stimulus conditions was used as in the 36-hr
test. Distress calls were measured as above.
The total amount of time in each trial that the
subject spent in the compartment with the
imprinting stimulus was also recorded during
this test. This measure was included to get some
idea of the relative importance of audio and
visual properties of the stimulus. Perception of
the visual stimulus was restricted to one of the
compartments and that of the auditory stimulus
was not. If the visual properties were of primary
importance, subjects who had formed an ‘attach-
ment’ to the stimulus might be expected to
spend more time in the compartment with the
stimulus than subjects in which this attachment
had not occurred.

At the termination of the 48-hr test, twenty-
six of the thirty subjects were sexed by cloacal
examination (Homma et al. 1965). This sample
consisted of twelve males and fourteen females
(each treatment group split three to three or
four to two).

Results

Following Behaviour

Active following of the stimulus object during
the 36-hr test was not observed in any of the
subjects from any group. Although Schaller &
Emlen (1962) report that 31 per cent of their
coturnix were observed to do some following
and Ozmon (1968) has observed following be-
haviour, it is clear that under the conditions of
this experiment following behaviour does not
occur during testing.

Distress Calls, 36-hr Test

The distress call data from the 36-hr test are
shown in Figs 1 and 2. In Fig. 1 the trend for
each subject within any treatment group can be
determined by comparing the position of letters
in the S-ON and S-OFF conditions. Figure 1
reveals that in each group, except the late-ex-
posed group (I,), more distress calls are emitted
during the S-OFF condition than during the
S~ON condition.

Figure 2 indicates that when the five treatment
groups are compared within the S-OFF con-
dition only small differences occur. However,
within the S-ON condition, the early-exposed
group (I;) produces fewer distress calls than
each of the other groups, and the late-exposed
group (I,;) produces more distress calls than
each of the other groups.



RUBEL: EFFECTS OF EARLY EXPERIENCE ON FEAR BEHAVIOUR IN QUAIL 429

SO0 e- S-ON S-OFF a
L 5 . b- / b
R . - -8 a y
5 - -a o
R d- -e
" 3 ¢ N a I
2 200k T{ e .
{ ¢ e Lon
(&} - - -
o ¢ } d °
v i b-
w! a f"
« ld 4 .
5 .
o00F aflrd cde
c f
F . dg irf d p
f
o
L € & e €
| dl t
a
o} ball J
It I2 Nl Nip C
GROUP

Fig. 1. Distress calls emitted during the 36-hr test. Bars
represent the mean number of distress calls in each
stimulus condition for each group. The letters (a—f in
each group) reveal, for each subject in each stimulus
condition, the total number of distress calls made. In
each group, except 12, reliably more distress calls are
made during the S-OFF condition (Duncan’s test,
P<0-01 for each group).
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Fig. 2. Mean number of distress calls in 36-hr test for
each treatment group as a function of the three trials in
each stimulus condition. Differences within S~OFF are
not significant. Within S-ON, I; subjects make less
distress calls than other subjects (Duncan’s test, P<<0-05)
and I2 birds produce more than others (Duncan’s test,
P<0-025).

Distress Calls, 48-hr Test

Figures 3 and 4 are analogous to Figs 1 and 2
respectively, except that they represent the
results of the 48-hr test. Figure 3 reveals that
within each of the treatment groups, except the
unexposed controls (C), more distress calls
were emitted during the S-OFF condition than
during the S-ON condition, This effect, although
statistically significant when the groups are
combined, is not nearly as large as in the 36-hr
test. Also evident from Figs 3 and 4 is that in the
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Fig. 3. Distress calls emitted during 48-hr test. The bars
represent the mean number of distress calls in each
stimulus condition for each group. The letters a—f in
each group) reveal, for each subject in each stimulus
condition, the total number of distress calls made. Re-
liably more distress calls are emitted during the S—-OFF
than S~ON condition in group I1 (Duncan’s test P<0-01)
and in combined other groups (Duncan’s test, P<.0-05).
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Fig. 4. Mean number of distress calls in 48-hr test for
each treatment group as a function of the three trials in
each stimulus condition. No reliable differences exist
during the S-OFF condition. Within S-ON, 1; birds
emit less calls than subjects of each of the other groups
(All Mann-Whitney U tests, P<0-01), which do not
differ amongst themselves.
S-ON condition, I; poults emit fewer distress
calls than subjects of the other groups, which do
not differ.
Fear Behaviour, 36-hr Test Only

The measure of the total fear behaviour
shown by each animal is the proportion of time
in each trial of the 36-hr test that was spent
making distress calls, running about the peri-
meter of the alley or jumping and pecking at
the walls. These data were collected on only
twenty-five of the thirty subjects. Figure 5 de-
monstrates that during each trial within the

5-OFF
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Fig. 5. Mean proportion of trial time (3 min) showing
fear behaviour in 36-hr test as a function of treatment
group and stimulus condition. I subjects show less fear
behaviour than the other subjects during each trial within
S-ON (All Mann-Whitney U tests, P<:0-03). In S-ON
other groups do not differ and within S-OFF no differ-
ences are reliable,

S-ON condition, the I (early-exposed group)
shows less fear behaviour than each of the other
groups. When this group is excluded from the
analysis, no significant differences exist sug-
gesting that the other four groups do not differ
in total fear behaviour in the S-ON condition.
When the S-ON and S-OFF conditions are
compared, Fig. 6 shows that within the early-
exposed group (I;) there is more total fear
behaviour during the S~OFF condition than in
the S—-ON condition. However, in the remaining
groups there is less fear behaviour exhibited
in the S~-OFF condition than the S-ON con-
dition.
Time Spent with Stimulus, 48-hr Test Only
Figure 7 shows the meus proportions of trial
time that the subjects in each group spent in the
box with the stimulus. As can be seen from the

ik of ) ~
0

-10F 5 CFF>S-ON

EAN S-ON—-3-GFF

Fig. 6. Mean difference (S-ON minus S~OFF) in the
proportion of time exhibiting fear behaviour as a func-
tion of treatment group. Positive going bars indicate a
greater amount of fear behaviour was shown during
S~ON than S—-OFF. Negative bars indicate the opposite.
L1 birds show more fear behaviour during S-OFF
(Wilcoxon test, 2<20-01). Other subjects show more fear
behaviour during S-ON (Wilcoxon test, P<0-01).
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Fig. 7. Mean proportion of trial time (3 min) in 48-hr
test that the subjects in each treatment group spent in the
compartment with the stimulus in each stimulus con-
dition. No differences are reliable.

figure, none of the treatment groups differed
significantly from each other and the time spent
with the stimulus in the two conditions does not
differ.

Discussion
Evidence of Imprinting

Although none of the subjects showed ap-
proach and following responses during testing,
behavioural differences between the early-
exposed (1;) birds and those of the other four
groups were quite striking. During the S-ON
condition, subjects of the early-exposed group
spent most of the time quietly sitting near the
centre of the apparatus in the posture depicted
in Fig. 8(a), while during S-OFF they stood up.
moved around or emitted distress calls. The birds
of the other groups were continually running
back and forth along the perimeter of the cage,
jumping and pecking at the walls, or stopping
only long enough to emit a series of distress
calls. These findings are similar to observations
on fear behaviour in 14-day-old imprinted
ducklings (Stettner & Tilds 1966) and the de-
velopment of avoidance behaviour in several
species of precocial birds including the coturnix
quail (Schaller & Emlen 1962).

In both tests the early-exposed group showed
considerably fewer distress calls in the presence
of the stimulus than each of the other groups.
In addition, the amount of total fear behaviour
evoked by the stimulus was reliably less in the
early-exposed group than in the other groups.
The early-exposed group made fewer distress
calls and showed less fear behaviour during the
S-ON condition than the S-OFF condition,
whereas the other groups showed greater fear
behaviour while the stimulus was present than
in its absence (Fig. 6). The fact that during the
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Fig. 8. (a) Posture of coturnix poult while sitting quietly.
(b) Posture of coturnix poult while making distress calls.

S-OFF condition there were no reliable differ-
ences in distress calls or fear behaviour suggests
that in the absence of the stimulus all of the
groups are approximately equal in their reaction
to the environment. [The sharp decline in distress
calls and fear behaviour, seen in the early-ex-
posed group between trials 2 and 3 of the S-OFF
condition (Figs 2 and 5), can be explained by
the observation that many of the poults from
this group appeared to fall asleep during the
preceding S-ON trial and continued sleeping
throughout most of the final S-OFF trial.]
Comparison of the results obtained from the
early-exposed and late-exposed (1,) birds elimin-
ates habituation to the stimulus as an explan-
ation for these data, since both of these groups
had the same amount of exposure to the stimulus.
Also, the comparison between the early-exposed
group and the early-non-exposed (NI;) group
indicates that fewer distress calls and less fear
behaviour are due to early exposure to the stim-
ulus and not a general effect of early exposure
to the alley.

One other similarity existed between the early-
exposed (I;) subjects of this study and ‘im-
printed’ birds described by other authors: The
subjects frequently emitted soft peeping notes

while the stimulus was in the S~ON condition.
None of the birds from the other groups showed
this type of vocalization during the tests. Ac-
cording to Farris (1964) these vocalizations
sound much like those that Collias (1952) calls
‘contentment notes’ emitted by chicks when
approaching familiar objects, eating, or moving
about undisturbed. Collias & Joos (1953) show
spectrographic differences between these calls
and the distress calls of the chick to variation in
‘stimulus contrast’. Other investigators (Hess
1959; Moltz 1960) have noted that chicks tend
to make ‘contentment calls’ in the presence of an
object on which they have imprinted.

This study indicates that early exposure to the
stimulus resulted in a diminution of fear be-
haviours elicited by that stimulus whereas later
exposure was ineffectual. These results suggest
that the early-exposed subjects may have formed
an ‘attachment’ to the stimulus object an-
alogous to that seen in ‘imprinted’ chicks or
ducklings, but that the topography of the
response differed. This interpretation does not
imply that following behaviour is absent from
the parent-young interactions of coturnix or
that it cannot be artificially elicited (Ozmon
1968; Schaller & Emlen 1962). It does suggest
that imprinting involves a complex repertory
of behaviours including, but not exclusively,
approach and following. The particular be-
havioural responses which occur at any time
may depend on many factors such as species,
age of treatment, age of testing, and natural
ecology of the animal.

Sensitive Period

The results of this experiment indicate that
there is a sensitive period for the reduction of
fear behaviours in coturnix. This period, how-
ever, does not coincide with the sensitive period
for approach and following behaviour in the
species studied here. Whereas birds exposed to
the stimulus 5 to 9 hr after hatching exhibited
relatively little fear behaviour during testing,
the late-exposed group showed as much total
fear behaviour and as many or more distress
calls than did the control groups. The disparity
between these data and the sensitive period for
the establishment of approach and following
behaviour in other gallinaceous birds (Sluckin
1965) may be due to the difference in response
parameters or to the exceedingly rapid matur-
ational rate of the coturnix quail (Wetherbee
1961).
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Relationship Between Fear Behaviour and Distress
Calls, An Hypothesis

Two sets of rather unexpected, but interesting,
results occurred in the present experiment. First,
the control groups (NI, NI,, and C) produced
more distress calls in the S-OFF than the S-ON
condition in both tests. Secondly, the late-
exposed group emitted more distress calls than
the other groups during the 36-hr test. These
results can be explained if the mutually exclusive
nature of the two fear responses exhibited by
young coturnix quail is considered. One of the
fear responses is escape behaviour. This
activity includes running around the perimeter
of the enclosure, pecking at the walls, and
jumping at the corners. The second fear activity
is distress calling. In the present experiment it
was observed that the birds never displayed these
behaviours simultaneously. The distress call of
the young coturnix quail only occurred when
the bird was in the posture depicted in Fig. 8 (b),
and never while the bird was running.

It has been suggested that fear responses can
be considered a systematic sequence of activities
where the amount of ‘stimulus contrast’ or
novelty in the environment determines which
particular response will occur (Kaufman &
Hinde 1961; Salzen 1962; Schaller & Emlen
1962; Andrew 1964; Phillips & Siegel 1966;
Ratner 1966; Broom 1969). These reports also
suggest that escape responses (i.e. intense loco-
motion and jumping against the walls of the
enclosure) are elicited in situations of greater
‘stimulus contrast’ or novelty than those situ-
ations normally evoking distress calls. That is,
escape behaviour appears to be a stronger fear
response than distress calling; however, direct
experimentation is needed to establish this
point. Thus, it is hypothesized here that the
respective probabilities for the appearance of the
two responses are dependent on the amount of
novelty in the total stimulus complex of the bird.

Although this hypothesis is in need of direct
experimental testing, several points of evidence
can be established for interpreting the behaviour
of the control groups and late-exposed group
with this model. First, it predicts that presenta-
tion of the imprinting stimulus will elicit in-
creased fear behaviour in subjects to whom the
stimulus is entirely novel. This prediction sug-
gests that the reason the control groups pro-
duced fewer distress calls in the S-ON than
during S-OFF is because the intensity of fear
in the S-ON condition raised the probability of
escape behaviour, thereby inhibiting distress

calling. Such an interpretation is further sup-
ported by the fact that although distress calls
occurred with reliably greater frequency in the
S-OFF condition, total fear behaviour (escape
activity 4+ distress calls) diminished going from
the S-ON to the S-OFF condition (Fig. 6);
again suggesting that escape behaviour was
markedly increased in the presence of the stim-
ulus. The behaviour of the late-exposed group
is explained by the fact that these subjects had
been previously exposed to the imprinting stim-
ulus, allowing them to habituate to some
extent; thereby lessening the probability of
escape behaviour and raising the probability
of distress calling. One point of further evidence
lends support to this interpretation. Although
this group (I,) showed reliably more distress
calls than the other groups in the S-ON con-
dition of the 36-hr test, these subjects did not
exceed the other groups in total fear behaviour.
Thus, the amount of escape behaviour must
have been less than that of the control groups.

Summary

Isolated coturnix quail of two post-hatch
ages were individually exposed to a moving,
flashing, clicking stimulus on the day of hatch-
ing. Two other groups received identical treat-
ment except for exposure to the stimulus, and a
fifth group was given no initial treatment.
Thirty-six and 48 hr after hatching each bird
was tested with the stimulus functionally
present and absent. Results indicate that there
is a sensitive period in the development of
coturnix during which exposure to a stimulus
will produce a diminution in fear behaviours
later elicited by that stimulus. Following of the
stimulus object did not occur during testing.
Birds exposed to the stimulus 5 to 9 hr after
hatching exhibited fewer distress calls and less
fear behaviour when later tested with the stim-
ulus present than each of the other groups in-
cluding those birds exposed to the stimulus
10 to 14 hr after hatching. It is suggested that
the following response may be only one of an
array of responses involved in imprinting.

The results of this experiment also suggest
that there is a systematic hierarchy of behav-
ioural responses to novel stimuli in this species.
A testable hypothesis was presented which sug-
gests a mutually exclusive set of responses with
probabilities of occurrence dependent on the
amount of novelty in the stimulus complex of the
organism. This hypothesis is amenable to direct
experimental testing since both stimulus para-
meters, novelty, and response parameters,
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activity and distress calls, can be readily quan-
tified.

Acknowledgments

This article is based upon a thesis submitted
to the Department of Psychology, Michigan
State University, in partial fulfillment of the
requirements for the M.A. degree.

The author wishes to express his appreciation
to Miss Maureen Hattle for her assistance in
collecting the data, and to Dr S. C. Ratner for
sponsoring this research. Special thanks are also
due to Dr M. Balaban, Dr G. Gottlieb, Dr. G. 1.
Hatton, Dr J. 1. Johnson and Dr J. A. King
for their criticisms and suggestions on earlier
drafts of this manuscript.

REFERENCES

Andrew, R. J. (1964). Vocalization in chicks, and the
concept of ‘stimulus contrast’. Anim. Behav., 12,

64-76.

Bateson, P. P. G. (1964). Changes in activity of isolated
chicks over the first week after hatching. Anim.
Behav., 12, 490-492,

Broom, D. M. (1969). Reactions of chicks to visual
changes during the first ten days after hatching.
Anim. Behav., 17, 307-315.

Collias, N. E. (1952). The development of social be-
havior in birds. Auk, 69, 127-159.

Collias, N. E. & Joos, M. (1953). The spectrographic
analysis of sound signals of the domestic fowl.
Behaviour, 5, 175-188.

Farris, H. E. (1964). Behavioral development, social
organization and conditioning of courting be-
havior in the japanese quail (Coturnix coturnix
japonica). Unpublished doctoral dissertation,
Michigan State University.

Hess, E. H. (1959). Imprinting. Science, N.Y., 130,
133-141.

Hess, E. H. & Schaefer, H. H. (1959). Innate behavior
patterns as indicators of the ‘critical period’. Z.
Tierpsychol., 16, 155-160.

Hoffman, H. S., Schiff, D., Adams, J. & Searle, J. L.
(1966). Enhanced distress vocalization through
selective reinforcement. Science, N.Y., 151, 352~
354

Homma, K., Siopes, T. D., Wilson, W. O. & McFarland,
L. Z. (1965). Sex determination in quail chicks
by cloacal examination. Quail Quart., 2, 21.

Kaufman, 1. C. & Hinde, R. A. (1961). Factors influ-
encing distress calling in chicks, with special
reference to temperature changes and social
isolation. Anim. Behav., 9, 197-204.

Moltz, H. (1960). Imprinting: empirical basis and
gl}ioretical significance. Psychol. Bull., 57, 291-

Ozmon, K. B. (1968), Proactive and retroactive effects of
electroconvulsive shock on imprinting in japanese
quail (Coturnix coturnix japonica). Unpublished
doctoral dissertation, University of Maine,
Orono.

Philips, R. E. & Siegel, P. B. (1966). Development of
fear in chicks of two closely related genetic lines.
Anim. Behav., 14, 84-88.

Ratner, S. C. (1966). Comparative aspects of hypnosis.
In: Handbook of Clinical and Experimental
Hypnosis (Ed. by J. Gordon). New York: Mac-
Millan.

Salzen, E. A. (1962). Imprinting and fear. Symp. zool.
Soc. Lond., 8, 199-217.

Schaller, G. G. & Emlen, J. T. (1962). The onotogeny of
avoidance behaviour in some precocial birds.
Anim. Behav., 10, 370-381.

Scott, J. P. (1962). Critical periods in behavioral develop-
ment. Science, N.Y., 138, 949-958.

Sluckin, W. (1965). Imprinting and Early Learning.
Chicago: Aldine Publishing Co.

Stettner, L. J. & Tilds, B. N. (1966). Effect of presence
of an imprinted object on response of ducklings
in an open field and when exposed to a fear stim-
ulus. Psychonom. Sci., 4, 107-108.

Wetherbee, D. K. (1961). Investigations in the life history
of tlﬁmcommon coturnix. Am. Midl. Nat., 65,
168-186.

(Received 23 April 1968; revised 6 November 1968;
second revision 15 December 1969; third revision 15 April
1970; MS. number: a705)



