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Classical conditioning of
the nictitating membrane response

in the domestic chick
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The neuropharmacology and neuroanatomy of the domestic chicken (both developing and
mature) has been described in detail. In addition, a wide variety of behavioral tasks has been
used to study learning in chicks. In order to increase their usefulness as subjects in psycho
biological experiments, we examined them in a paradigm where learning occurs gradually and
the chicks are immobile. We demonstrate here that a nictitating membrane response condi
tioning paradigm can be successfully used with 4-day-old chicks. The response is robust and
discrete enough to be manipulated in later work predicting relations between neuronal and
behavioral events.

Because the neuropharmacology of the domestic
chick has been thoroughly examined (Spooner &
Winters, 1966) and its neuroanatomy, both mature
and developing, has been delineated in great detail
(Pearson, 1972), the chick has become a useful sub
ject for the study of both learning and developmental
processes. A wide variety of behavioral tasks have
been used to study learning and development in the
domestic chick (Bateson, 1974; Cherkin & Lee-Teng,
1965; Peters & Isaacson, 1963). However, in most of
these tasks learning takes place within one or very
few trials . Since many forms of learning are not
one-trial phenomena, it would also be desirable to
study the chick using a paradigm where learning
occurs more gradually.

A paradigm which may be applicable to the chick
was developed by Gormezano (Gormezano,
Schneiderman, Deaux, & Fuentes, 1962) to study
associative learning processes in the rabbit. Basically,
this paradigm involves using either an air puff or
facial shock to classically condition the nictitating
membrane (NM) response to a tone in a normal,
intact animal. What is of particular interest is that
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the paradigm lends itself to studying the ontogeny
of learning. Studies have shown that the course and
character of rabbit NM response conditioning can
be significantly altered simply by varying training
and stimulus variables (e.g., Gormezano, 1966, 1972;
Gormezano & Moore, 1969). In addition, this para
digm has been successfully used on animals other
than rabbit (Gruber & Schneiderman, 1975;
Patterson, Olah, & Clement, 1977). Finally,
Thompson has pointed out (Thompson, Berger,
Cegavske, Patterson, Roemer, Teyler, & Young,
1976) that the NM conditioning paradigm is an excel
lent preparation for studying the neuronal basis of
learning in rabbit. The present study attempted to
determine whether this NM response conditioning
paradigm could be used effectively on chicks, and, if
so, whether it could make a suitable preparation for
the study of neuronal and biochemical processes
that correlate with learning and development.

METHOD

Subjects and Apparatus
A total of 12 White-Leghorn cockerels, obtained from a local

hatchery (Pace/Setter Products , Inc., Strain K-137, Alta Lorna,
California) were used as subjects. At the onset of the experiment
the chicks were 98± 10 h old. They were housed individually in
cartons (8.5 ern in diameter x 16.5 cm deep) and allowed free
access to water and starter mash when not in the testing chambers,
which consisted of two adjacent file drawers, ventilated and fully
lined with foam rubber. The two speakers located inside each
chamber were used to continuously deliver a white noise to mask
extraneous sounds or to present the CS, an 8S-dB I,OOO-Hz tone.
The UCS was a series resistance-regulated constant current from
a 2-pole Coulbourn shocker (Model EI3-33) that was capable of
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evoking an NM response. The current was administered through
subcutaneously placed stainless steel No. 0 insect pins located
next to the outer and inner canthi of the right eye. All NM move
ments were recorded on a Grass polygraph as voltage changes
from a minitorque potentiometer with a lever arm hooked via
a fine thread to either a 6-0 nylon or silk (Ethilon) loop previously
sutured near the outer edge of the NM of the chick's right eye.
The polygraph was calibrated before each subject was run so that
1 mm of NM movement caused 2 mm of pen deflection.

A

_----Jf
___---r--'1L...----

Figure 2. Comparison of latencies for Days 1 and 2 of CR
onset measured from start of CS.
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Figure 1 (A) Example of typical UCR. Onset within 10-20 msec.
(B) Example of typical CR. Onset more variable and peak less
distinct. For botb A and B, tbe borizontal reference line equals
100 msec and tbe vertical reference line equals 10 mm.

The VCR to shock onset always occurred within
10-20 msec. It consisted -of a rapid movement,
typically reaching a peak of 5-10 mm within 20 msec
after shock onset (Figure IA) . This VCR pattern
remained constant over trial blocks. The peak was
usually followed by a plateau of approximately
200 msec and a gradual return to baseline. In con
trast, the CRs were much more variable (Figure IB).
They were observed to begin throughout the 250 sec
stimulus period. The CRs of the NM were slower
and weaker than the VCRs and rarely showed
distinct peaks. Visual inspection revealed no
dramatic differences between CRs produced early
and late in conditioning sessions.

Figure 2 provides a comparison of latencies of CR
onset from CS onset over Days I and 2. The mean
CR latency for Day I was 201.2 msec (SD = 9.93,

Procedure
The subjects were run in pairs for 2 consecutive days, with the

first experimental day commencing at 98± 10 h posthatch, On
each day, each subject was initially immobilized by being firmly
wrapped in I-in. -thick foam rubber and bound with masking
tape. Only the subject's head was allowed to protrude from this
encasement. The head was then gently turned to the left, pressed
back against the foam rubber , and secured by taping the beak
to the foam rubber, leaving only the right eye exposed and free
to move. Once immobilized, the subject was clamped to a ring
stand and the thread from the potentiometer was hooked to the
chick's NM. The current for the UCS was set each day to a level
(typically 0.1-0.2 rnA) which was just above the threshold for
eliciting an NM response from both subjects . The same level of
current was used for both subjects . Finally, the subjects were
placed in the running chambers, the white noise was initiated,
and the chambers were closed.

On Day I, after being placed in the running chambers with
the white noise on, the subjects were given 20 to 40 min in which
no stimuli were presented in order to habituate them to the
experimental situation. At the end of this habituation period ,
conditioning was begun.

The subjects were randomly assigned to one of two stimulus
conditions (i.e., paired or unpaired) until there were six subjects
in each condition. Each subject was conditioned under the same
stimulus condition for both experimental days. In the paired
stimulus condition, a total of 210 trials per day was used. During
a trial, the CS was presented for 350 msec. Approximately
250 msec after CS onset, the UCS was presented. The CS and UCS
terminated simultaneously 100 msec after UCS onset. A randomly
varying intertrial interval of 50, 60, or 70 sec was used for these
paired trials. In the unpaired stimulus condition, a random
sequence of 420 trials per day was used for each subject, with a
trial consisting of presentation of either the CS or the UCS alone .
An equal number of CS and UCS trials was used. In the 210 un
paired CS trials, stimulus duration was 350 msec. For the 210 un
paired UCS trials, stimulus duration was 100 msec. Randomly
varying intertrial intervals of 20, 30, and 40 sec were used with
the unpaired trials. The unpaired stimulus condition had a dual
purpose . First , the unpaired CS"trials served to determine whether
the CS, per se, was capable of eliciting NM responses. Second,
the unpaired UCS trials served as a control for sensitization
to facial shock.

RESULTS

All NM responses were measured by hand from
polygraph records . A CR was defined as any
temporal NM movement greater than 0.5 mm which
occurred after the onset of the CS, but before the
onset of the VCS for the paired trials, and within
250 msec after the onset of the CS in the unpaired
trials. In order to simplify the analysis of the NM
responses, the 210 trials in the paired stimulus condi
tion and the 210 CS-alone and 210 VCS-alone trials
in the unpaired stimulus condition were arbitrarily
separated into blocks of 15 trials .
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Trial Day 1 Day 2

Table 1
Means and Standard Deviations of the Percentage of CRs

Occurring on Paired and Unpaired Trials Across Days

N = 14) and for Day 2 was 189.3 msec (SD = 14.65,
N = 14). This difference is significant (t = 13.55,
p < .01). It might be noted that, for rabbits, CRs
typically develop (or occur) at the end of .the CS
period and move forward in time. Rarely, If ever,
do CRs occur throughout the CS period as they do
in the chick.

An analysis was made of the percentage of CRs
occurring within each block of paired and unpaired
trials on each day. The percentage of CRs was signifi
cantly greater for the paired trials than for the un
paired trials, F(l,IO) = 12.29, p < .006. Also, there
were significantly more CRs on Day 2 than on Day 1,
F(l,IO) = 17.18, p < .002, and these CRs changed
significantly as a function of trial blocks, F(l3,130)
= 9.95, p < .001. The means and standard devia
tions of the percentage of CRs for the paired and
unpaired trials on each day are presented in T~ble. ~ .

While the interaction among these means was signifi
cant, F(l, 10) = 13.39, p < .004, a post hoc analysis
of this interaction using Tukey's HSD test indicated
that the significance of these differences was
primarily due to the rather substantial increase in the
percentage of CRs occurring on Day 2 for the paired
trials (p < .01). None of the other means differed
significantly from each other.

The analysis of the CRs in terms of trial blocks
revealed significant differences in the development of
CRs over blocks for the paired and unpaired trials,
F(13,130) = 9.47, p < .001. Also, the development
of CRs over blocks was significantly different for
each day , F(13,130) = 2.27, p < .01. But what is
more important is that the relationship of CR
development between the paired and unpaired trials
changed significantly as a function of day F(l3, 130)
= 2.84, p < .001. Figure 3 shows the percentage of
CRs which occurred in each block on each day for
the paired and unpaired trials . It can be seen from
Figure 3 that the curves for the unpaired trials on
Days 1 and 2 are very similar and reflect little change
in CR development. While the anlaysis in general
indicated no significant differences between the
paired and unpaired trials on Day 1, the Day 1 curve
in Figure 3 for the paired trials shows a small, but
consistent, increase in CRs over blocks. This increase
is particularly evident for the last six blocks . How
ever, a substantial change in CRs over blocks is
evident only in the Day 2 curve for the paired trials .
A trend analysis of the interaction depicted in Fig-
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The results of the present study clearly show that
the NM response conditioning paradigm can be used
as an effective means for studying learning in the
chick. The chick's NM response to facial shock was
found to be both robust and discrete with a short
latency-to-onset and a steep rise to peak amplitude.
the tone CS appears to be quite capable of producing
a CR which is consistent with the research on rabbit
(e.g., Berger, Alger, & Thompson, 1976; Gormezano
et al., 1962). Spontaneous NM responses were con
sistently low, never exceeding 5% in either the paired
or the unpaired stimulus condition.

Overall nonassociative rates of responding in this
preparation appear to be Jow. For example, there is
an absence of a large number of CRs during the
initial unpaired trials (see Figure 3) and a lack of

DISCUSSION

Figure 3. Percentage responses for the paired and unpaired
trials as a function of trial blocks on Days 1 and 1.

ure 3 indicated that the development of CRs for the
paired trials on Day 2 was primarily linear in nature,
F(I,10) = 10.89, p < .008 . However, the cubic
component was also significant, F(l, 10) = 5.04,
p < .05.

Finally, the period of time occurring 250 msec
prior to the onset of the CS was analyzed for the
presence of spontaneous NM movement. The per
centage of spontaneous NM responses for both
stimulus conditions was consistently low for both
days of running. No significant differences were
found between the paired and unpaired stimulus
groups for either day .

Figure 4 shows that the percentage of spontaneous
responses 250 msec prior to the onset of the CS starts
out around 6% for both paired and unpaired
controls. Although rather higher than data reported
for the rabbit, it is consistent between paired and un
paired groups. Interblock variability is high . Mean
percent spontaneous responses for the experimental
group (N = 14) are 3.56 (SO = 2.60) and 2.69
(SO = 2.82) for Days 1 and 2. The control group
(N = 14) emitted 4.52 (SO = 2.59) and 3.56
(SO = 2.51) mean percent spontaneous responses
on Days 1 and 2.
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Figure 4. Percentage of spontaneous responses over Days 1 and 2.

any significant change over trials in either the
response amplitude to the shock in the unpaired
ues trials or the frequency of response to the tone
in the unpaired es trials. Finally, we noted that the
presentation of the es produced a response approxi
mately 8070 of the time, which appears to be higher
in the chick than in the rabbit. Gormezano et al.
(1962) reported that for rabbits NM responses
occurred on less than 5% of the unpaired es presen
tations.

Figure 4 indicates a downward trend in the num
ber of spontaneous responses over each day, al
though this may be partially obscured by the inter
block variability. One possibility is that this may be
a habituation effect to the ues. Initially, each time
the shock was presented it raised the chick's level
of arousal, and blinking, therefore, increased. As
shocks continued over trials , their influence de
creased and the chick returned to a less aroused state.
Thus, the decrease in spontaneous responses was due
to ues habituation. If this possibility is correct, of
course, it implies that only the last blocks in each
day were representative of the chick's normal spon
taneous response level, although this level would
be comparable to that found in the rabbit literature.
Unfortunately, without the existence of UeS-only
and no-stimulus groups to compare, the possibility
of a habituation effect to the ues remains to be
proven.

It would seem that chicks are capable of gradual
"associative" learning and that in the present study
this learning is primarily linear in nature. However,
what is interesting is that most of the learning
appears to have occurred on Day 2. While some '
learning seems to have taken place on Day 1, it is
hardly noticeable. The rather dramatic difference
in behavior between Day 1 and Day 2 raises an
important question for future research. Perhaps
this behavioral difference is primarily due to matura
tional differences in the chick's capacity to make
associations or is an artifact of the particular stimu
lus parameters employed in the present study. We

are also considering a consolidation hypothesis as
an explanation.

We feel this study demonstrates that the condition
ing of the chick NM response is a reliable model for
studying behavioral and neural plasticity.
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