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REACTIONS OF CHICKS TO VISUAL CHANGES DURING THE FIRST
TEN DAYS AFTER HATCHING

By D. M. BROOM*
Sub-Department of Am’mal Behaviour, Madingley, Cambridge

The behaviour of young precocial birds a few
days after brief or extended exposures to con-
spicuous objects has been extensively studied
(Sluckin 1964; Bateson 1966). In these experi-
ments the young bird is often subjected to a
complex environmental change in which it is
carried by the human observer to a strange pen
and its reaction to a conspicuous, often moving,
object assessed. Birds of different ages react in
different ways to such a situation. Bateson (1964)
exposed naive chicks to a model in a runway on
days 1 to 5 after hatching and found that the
percentage of birds following was greatest on the
first day and the percentage of birds avoiding
was greatest on day 5. Similarly, Schaller &
Emlen (1962) scaled avoidance reactions shown
by various species of precocial birds when an
object was suddenly pushed towards them and
found that the reaction increased with age from
10 to 140 hr.

The behaviour of a bird in such tests is likely
to be affected by any contact with the observer,
perhaps the only moving object previously seen
by that bird. In the experiments described here
1 have therefore studied the reactions of young
chicks to changes in their visual environment
which could be brought about without the chick
detecting the presence of the observer. In the
first experiment chicks were subjected to one of
five changes at either 2, 6 or 10 days of age.
The second is a more detailed study of the
changes, over the first 10 days, in chicks’ re-
actions to one of the tests.

In order to assess the reactions to a test
situation, it is necessary to be able to compare
the behaviour after the environmental change
with that of the same birds while completely
undisturbed (Broom 1969). These experiments
have been designed to allow such compar-
isons.

Methods
Subjects

Eggs of a breed (‘Chunkies’) of domestic fowl

were transported from a commercial hatchery

*Present address: Department of Zoology, University of
Reading, Reading.
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to Glevum Superior incubators 3 to 4 days prior
to hatching. They were placed in the incubators
so that each egg was touching at least one other
egg in order that any mechanisms for syn-
chronization of hatching might be maximally
effective (Vince 1964; 1966a & b). Seventy-five
per cent of the eggs hatched during a period of
6 hr and the chicks were transferred to rearing
pens when 2 to 8 hr old (experiment 1) or 9 to 15
hr old (experiment 2). The incubator was dark-
ened and transfer was effected using an opaque
box with a lid so that chicks did not see one
another or the experimenter for more than a
maximum of 30 sec.

Conditions of Rearing and Observation

The chicks were kept in visual isolation in
pens with a floor area of 700 cm2 and with 23-cm
high hardboard walls painted matt grey. In
experiment 1, where overhead illumination was
varied, the roof of the pen was translucent ‘opal’
Perspex with a tubular filament bulb above it
and one wall was made of wire netting. In ex-
periment 2 the roof of the pen was wire netting.
A 6V, 0:3A torch-bulb was mounted 12 cm
from the ground in the centre of one wall of
each pen. This bulb was fixed in a grey-painted
metal holder and could be silently illuminated
by the experimenter.

All birds had ample food and water at all
times. A standard measure of chick crumbs was
put into each pen prior to transferring the chicks
to the pens and at 5, 7 and 9 days. In experiment
1 water was supplied by a pipe with a 5-cm
diameter hole on the upper surface in each pen.
Chicks could easily drink from these holes and
the pipe could be filled without disturbing the
birds. In experiment 2 water dishes were pro-
vided which were filled on days 2 to 10. The mean
temperature in each pen was maintained at
29° to 34°C.

During the feeding operations at 5, 7 and 9
days in both experiments and the provision of
water on days 2 to 10 in experiment 2, one arm
and the head of the experimenter were visible
to each chick for 5 to 10 sec. Apart from this,
the chicks did not see any humans during rearing
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or testing for their pens were shielded by hard-
board and black cloth partitions from the part
of the room which the experimenter entered.
The behaviour of the chicks could be watched
from darkness through one-way plastic film
so that the chicks could never see the experi-
menter. This was checked by looking at the
observation points from the position normally
occupied by the chicks. Chicks never fixated
an observation point. All the experimenter’s
movements were kept as quiet as possible and a
5-min interval after reaching the observation
position was always allowed before any record-
ing. This was started at least 30 min after feeding
or water provision, if this took place on the day
of observation, and occurred between 09.00
and 13.00 hours GMT.

Several batches of eggs were necessary for
both experiments. There appeared to be few
differences between batches in any respect, but
within each batch the number of birds allocated
to each test condition and each testing age were
kept equal so far as was possible. Each bird
was tested once but, whatever the age when
tested, all birds remained in their pens until 10
days old. The experiments were designed so
that for each combination of age and test
conditioning, N = 12. Since a few birds died,
N varied from 9 to 12.

Testing and Recording Procedure

Experiment 1. The testing and rearing con-
ditions were varied in one of two ways. (1) The
torch-bulb on the wall of the pen was either
illuminated, using a constant voltage supply,
or not illuminated. (2) The diffuse overhead

illumination provided by a tubular, filament bulb

above an ‘opal’ Perspex sheet 4-8 mm thick
was made ‘high’ or ‘low’ by adding or removing a

resistor from the circuit. The sizes of the re-
sistors in this circuit were adjusted so that the
average of six readings from a Weston Master 5
light meter, taken at 90 degrees to one another
in the centre of the pen, was the same as that
obtained by this method when the torch-bulb
was on (4-2) or off (2:6). The effect of these
illumination differences on the temperature of
the pen was negligible.

The birds were watched for: (1) 15 min while
undisturbed, (2) 15 min after the observer had
moved a single, silent slide-switch which altered
the illumination in one of the 5 ways, and (3) a
further 15 min after the illumination had been
returned to its initial level. The five experimental
changes are detailed in Table I.

Birds’ activities were recorded by means of an
Edgcumbe moving-paper event recorder whose
twelve pens could be deflected by means of a
switchboard on the lap of the observer. The
switches were selected for their quietness and
modified so that they made less noise than a
chick’s footfall. The event recorder was kept in a
different room from the chicks since it made some
noise when the pen was deflected.

The behaviour observed was coded on to the
twelve channels of the event recorder using the
‘period occurrence’ technique. At the end of
successive 10-sec periods, each of fifteen measures
of behaviour were recorded by a pen deflection
(or two) if they had occurred in that period.
Using this method, two or three animals could
be observed at once but every activity seen
during the watch was shown on the final record.
The disadvantage that no differentiation is
made between activities which occur continu-
ously and those which occur once during each
period was minimized by making the period as

Table 1. Description of Five Experimental Changes

Rearing condition— Testing condition— Return—
Group 15-min watch 15-min watch 15-min watch
Diffuse Mean light Diffuse Mean light
illuminaton  Buib on intensity illumination  Bulb on intensity
from above wall (Weston 5) from above wall (Weston 5)
1 Brightar low off 26 high off 4-2 Return
2 Dimmer high off 42 low off 2:6 to rear-
3 Dimmer, ing con-
Bulb-on high off 42 low on 42
ditions
4 Bulb-on low off 26 low on 4-2
5 Bulb-off low on 42 low off 26
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short as possible. The 10-sec intervals were in-
dicated by means of a tape recorder, in an ad-
jacent room, connected to an earphone 1 to 2 cm
from the ear. This noise could not be heard by
the chicks.

Calls were arbitrarily classified into only two
groups, ‘loud calls’ and ‘twitters’. Chicks seemed
able to make calls, which appeared as various
shapes on a sonogram, both quietly and loudly
but ‘twitter’ calls were almost always quiet.
The conclusion that a continuum exists in chick
calls was in agreement with Andrew (1964).
An elaborate analysis like that of Guyomarc’h
(1966) might reveal new information but would
require continuous tape recording during observ-
ation.

Experiment 2, The procedure was the same as
that for experiment 1 except that only one change
was used, the illumination of the torch-bulbs
in pens at the lower of the two illumination
levels, and the behaviour after the return to
initial illumination was not watched. The chicks
were tested at one of the following ages: 13,
21, 34, 43, 5%, 64, 84, or 104 days after hatching.

Results
The initial reaction (3 sec) to a change was the
same for all birds tested. Provided the chick was
awake when the change occurred, it started
suddenly or abruptly stopped whatever it was
doing and fixated the torch-bulb if this had been

" illuminated or extinguished. This reaction, which

was also observed when the reverse change was
brought about, habituates after successive pres-
entation of the same change (Broom 1968).

After the first 3 sec there is a period during
which most of the chick’s activities are recorded
less frequently than among undisturbed birds.
This period of reduced activity may start as
complete immobility and occasionally merges
gradually into sleep. After some time the fre-
quency of activities returns to the undisturbed
level but there is often a subsequent period of
increased activity when the chick may jump up
the sides of the pen and peck at the walls.

Vocalizations are loud and frequent after the
environmental change and may continue even
if the chick is immobile. Twitter calls reappear
when the other activities of the chick return to
the undisturbed level.

Figure 1 shows, for 5-day-old birds, the change
in the median percentage of 10-sec periods in
which four measures of behaviour were re-
corded at 3-min intervals after the illumination
of a torch-bulb in the pen.

Where a modification of behaviour was still

changes during woaich—-doy 5
40

Median %
of periods

20_———

immobile

calling
loudly

20 p—————

pecking
ground

twittering

1 1 1 1 J
before fo-3 3-6 6-9 9-12 12-15
on min
Fig. 1. Behaviour of chicks while undisturbed and after
illumination of a torch-bulb in their home pen. Each
point is the median of 12 birds. Wilcoxon tests comparing
points marked + : ‘immobile’ and ‘calling loudly’ P<0-01,
pecking ground’ P=0-1, twittering P<<0-1 (all 2-tailed).

evident at the end of the 15-min test situation,
the behaviour usually returned towards the
undisturbed level when the reverse change
occurred.

The reactions of birds of various ages to the
several tests used have been quantified in two
ways: ﬁrstly_ by the increase or decrease, as
compared with the undisturbed level, in the
frequency with which each measure of behaviour
was recorded in a period of time after the change,
and secondly by the delay before the undisturbed
level of each activity was reached.

In experiment 1 the differences between tests
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in their effects on behaviour were apparent at all
ages and the differences between ages were in the
same direction in each test. The results described
under the heading ‘Test Differences’ refer to
experiment 1. The effects of increasing age on
the reactions of chicks to a visual change were
the same in experiments 1 and 2 so the results
of the more detailed study in experiment 2 are
reported under the heading ‘Age Differences.’

Test Differences. It has been established
(Broom 1969) that there are no large differences
in activity while undisturbed between birds
reared at the two levels of illumination used
in these tests. There were however differences in
the reactions of chicks to the various tests.

Birds subjected to tests 2 (dimmer) and 5
(bulb-off) gave fewer loud calls after the initial
change than did those subjected to tests 1
(brighter), 3 (dimmer, bulb-on), or 4 (bulb-on).
The increase was greatest in tests 3 and 4 in
which a torch-bulb was switched on. The per-
centage of birds calling loudly in the 15 min
while undisturbed (B), after the change (C),
and after the return (R) is shown in Fig. 2
for each age and each change. Table II shows the
results of Wilcoxon tests on this data and Fig. 3
shows that most birds called loudly just after
bulb-on in tests 3 and 4 and the period of loud
calling extended for longer in tests 1, 3 and 4
than in tests 2 and 5.

A peried of reduced activity or immobility

followed all of the initial changes but was pro-
longed if the illumination level was low after
the change. Fig. 4 shows the median percentage
of periods in which any movement occurred
that included one or more of the following
activities: walking, preening, pecking the ground
or wall, drinking, or twittering. Wilcoxon tests
comparing undisturbed levels and levels after
the change gave a value of P<<0-01 (2-tailed)
for the decrease in test 2 at 2 days and 10 days
and in test 5 at 2, 6 and 10 days. There was no
decrease for which P<<0-01 in tests 1, 3, and 4.

It can be seen from Fig. 4 that the activities
of all the 6-day-old birds gradually increased
after the drop when the change occurred. This
increase was continued after the reverse change
in tests 1, 3, and 4 so that the final level was
higher than the undisturbed level but when the
illumination conditions were restored to their
previous level in tests 2 and 5, the activity of the
birds rapidly recovered to the undisturbed level.

A reduction in illumination level depressed
chick activity but otherwise caused a less marked
reaction than did other tests. Calling could have
continued despite reduced activity. The similar-
ity of the results of tests 3 and 4 indicates that
the increase in the mean illumination level which
occurred in 4 but not in 3, was less important
than the sudden appearance of a point source of
light in determining the reactions of a chick.

Age Differences. The differences between

%-of birds calling loudly in IS5 minutes—5tests~3 ages

|ooT ] 2

601~

a0l

B .C R
Islmin/ after affer
undisturbed bulb-on bulb-off

i | B
B C R B C R

Fig. 2. The increase in loud calls by all chicks after bulb-on was greatest in

tests 3 and 4 and least in tests 2 and 5.

than younger chicks.

Older chicks showed a larger increase
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Table 1I. Results of Two-tailed Wilcoxon Tests Comparing Undisturbed Level (B) with Level after Change (C) and (C) with
Level after Return (R)

Test 2 3 5
Comparison
As Bv.C Cv.R | Bv.C Cv.R | Bv.C CvR |Bv.C Cv.R |Bv.C Cv.R
e
2 day +
<002
6 day + — + + — + —
01 0-1 01 <0-01 0-05 0-05 0-05
10 day 4+ — + + | — + —
<0-01 0-01 <01 <001 <001 001 <0-01

+ indicates an increase and — a decrease. No figure is included if the comparison gave a value of P>0-1.

reactions is exemplified in Fig. 5 by the median
number of periods during which the birds were
immobile after successive 3-min intervals during
the test. The older birds took longer to drop to
the undisturbed level of percentage of time
immobile (Table III), longer to reach their
minimum level after bulb-on, and longer before
they moved in every 10-sec period out of 3 min.
Table III shows the delay after bulb-on before
returning to the undisturbed levels of moving,
pecking the ground and twittering. The delay
is very short at 14 days but increases considerably
by 21 days and goes on increasing until 104 days.

As a consequence of these changes in the
duration of the reaction to bulb-on by birds of
different ages, the total frequency of the various
measures at a fixed time after bulb-on, e.g. 15 min
is more likely to show an increase among young
birds but an overall decrease among older birds.
The reduced activity period occupies a greater
proportion of the 15-min test at 104 days than
it does at 14 to 34 days. Thus, when the median
number of 10-sec periods moving in the 15 min
after bulb-on was compared with the median
for the same birds while undisturbed, the result
was a decrease for the first 3 days (day 14
P<0-05, 23 P<0-02, 34 P<<0-01) but an increase
for older birds (day 64 P = 0-02). The measures
twittering, pecking the ground, walking and
moving near the bulb also showed an increase
among younger birds but a decrease or no
change among older birds.

Some measures of behaviour were not affected
by the change with age in the duration of the
period of reduced activity. In addition to ‘calling
loudly’, ‘jumping’ and “pecking the wall’ showed
an increase over the undisturbed level at all ages.
Both of these might be interpreted as attempts

to get out of the pen and away from the un-
familiar light. The median number of periods
‘preening’ or ‘drinking’ did not reach the un-
disturbed level by the end of this 15-min test
at any age.

I have summarized comparisons between the
15 min while undisturbed and the 15 min after
bulb-on in Fig. 6. The measures at the top of the
figure are those which showed a decrease at all
ages while the increase becomes more dominant
with progression down the figure, until at the
bottom, the measures showed it at all ages tested.
The arrangement of measures is entirely based
upon the direction of the change in 15 min after
bulb-on. The four measures which showed a
5 to 6 day peak (Broom 1969) while undis-

Table III. Median Time (min) during Test before Activity
Recorded as much as while Undisturbed

Day Moving Pges(l)(lizgl Twittering
13 13 43 7
2 a3 6 124
8% 73 10} 15+
104 9 15+ 15+
Mann-Whitney
U test
(2-tailed)
13v. 2% >0-1 >01 0-06
13v. 83 <0-02 <0-02 <0-02
1}v. 104 <002 | <0-02 <0-02
23 v. 10} <003 0-04 >0-1

PRy

;
it
.
2
:

PRy

b SR Sy Mg s fesele o



BROOM: REACTIONS OF CHICKS TO VISUAL CHANGES 313

% of periods immobile in watch

days
N k_'%
L 1 L L } {
1
1 1
3%
1 \ 1 ) N
!
50} 47

1
50}~ 5%
L
T \ 6 2
| e———— ! I : ;
!
“F \——?‘ N
1 I 1 ]
\ 1
50| 102
P———
L 4 L 1 1
before §0-3 3-6 6-9 8-I2 12-15

on min

Fig. 5. Behaviour of chicks while undisturbed and after
illumination of a torch-bulb in their home pen. Each
point is the median of 9 to 12 birds.

turbed, those which are the characteristic’

activities of undisturbed birds, are all .in tbe
upper half of this Figure, while those which did
not show such a peak, with the exception of
‘drinking’, showed more of an increase,

The changes on day 104 were generally the
most pronounced while those on day 13 were
smallest. This is shown at each stage during the
test but is most obvious when the undisturbed
level is compared with the 3 min after bulb-on,
Such a comparison shows a decrease for most
measures, if there was a change, for the effect
of the period of reduced activity was evident at
most ages. The decrease was, however, shown by
the most measures at 104 days and by the least
at 14 days.

Some components of reactions to environ-
mental change are common to birds of all ages
but, using the measures of behaviour described,
the reaction becomes more obvious to the ob.
server and more prolonged as the chick gets
older. The increase in reaction is most pro-
nounced between the Ist and the 2nd or 3rd
days but there is still some increase between the
6th and 10th days.

Discussion
In experiment 1, chicks reacted to each change in
the same way initially but their further reactions
differed in duration and in the extent that they
were obvious to an observer according to the
change. The largest increase in calling loudly
occurred if a torch-bulb was illuminated and the
duration of the period of loud calling was greater
if the overall illumination level was raised than
if it was reduced. Activity levels were affected
by the illumination level after the change. They
recovered to the undisturbed level more
quickly on return to the rearing condition, if
that change had been a decrease in illumination.

Since similar results were obtained at each
of the ages studied, it seems likely that all the
chicks were able to detect the different changes.
As far as can be tested, a chick is just as capable
of discriminating quite small visual differences
a few hours after hatching as at 1 week old
(Tallarico 1961; Fishman & Tallarico 1961).
After the initial reaction the period of reduced
activity, often complete immobility first of all
and then some movement and loud calling,
occurs for any large, novel environmental change
but the subsequent period of increased activity
may be specific to a novel increase in illumination
level.

The interpretation of these results, which
shows that the duration of the various stages in
reactions to an environmental change affects the
overall frequency of activities in a test of fixed
length, may account for some of the results of
Hogan (1965). He studied the reactions of junglc
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15min before/15 min offer
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Fig. 6. Each of the nine horizontal lines indicate the difference between the
percentage of periods in which the behaviour was recorded before bulb-on
and that after bulb-on at ages from 13 to 10} days. The results of a 2-tailed
- Wilcoxon test is shown at each point (o

fowl chicks, 4 to 12 days old, to a mealworm
and found that birds tested in a strange pen
moved, pecked and preened less than did birds
watched in their home pen. When the strange
pen was in the familiar room, ‘shrill calling’
increased and ‘sleeping’ decreased as compared
with the home pen results, but when that pen
was in a strange room there was a large increase
in ‘sleeping’ but no change in ‘shrill calling’. It
seems likely that the period of immobility was
more marked among birds tested in both a
strange pen and a strange room.

In experiment 2, 13-day-old birds showed the
smallest number of changes in their behaviour
when their environment was changed, and be-
came habituated to the change most quickly.
Older birds showed a more obvious and a more
prolonged reaction to the change. These findings
are of particular interest in view of work on
brain recording. Tuge, Kanayama & Yueh
(1960) found that a depression in EEG was just
detectable after the illumination of a very bright
light near a chick on the last day before hatching
but that this depression became successively

..... P<01,0....P<002).

more marked at 3 and 6 days after hatching.
Corner, Peters & van der Loeff (1966) recorded
from the cerebral hemispheres and found that
the duration of a desynchronized period follow-
ing a sudden sound was considerably shorter on
day 1 than on subsequent days.

My results are also in accord with those of
Kaufman & Hinde (1961), Schaller & Emlen
(1962), Bateson (1964), and others who have
found that actions such as calling loudly on
moving away are more frequent amongst older
than amongst younger birds if their environ-
ment is sufficiently changed. An increase in the
duration of chicks’ reactions with increasing age
was also shown by Hogan (1966). Working with
jungle fowl, he found that birds presented with a
mealworm for the first time on days 1, 2, 4 or 7
ran around carrying that mealworm for the
longest period at 7 days and for the shortest
on the first day, before eating it.

A chick, or any other animal, must learn the
characteristics of its immediate environment over
a period of hours and days and must therefore
be more familiar with that environment whep
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older. The ‘model’ of the long-term surroundings
which the bird has formed is more firmly estab-
lished among older birds so that their mechan-
ism for detecting a change will reveal a greater
discrepancy and will be followed by a greater
behavioural change than would occur in a young-
er bird. This idea that the extent of the reaction
of an animal to a novel experience is related to
the nature of the previous experience, i.e. to the
degree of novelty, has been proposed by Bindra
(1959), Kruijt (1964) and others.

Summary
The reactions shown by young chicks to environ-
mental changes were estimated by comparing
their behaviour whilst undisturbed with that
after the change. The observer was not a part
of the rearing or testing conditions.

After a brief, general reaction to any change,
naive 2-, 6- and 10-day-old chicks showed a
greater, more prolonged reaction to an increase
in illumination, especially if due to a torch-bulb,
than to a decrease. The magnitude and duration
of chicks’ reactions to torch-bulb illumination
increased from 14 to 104 days, particularly
during the first 2 to 3 days.

It is assumed that animals gradually learn the
characteristics of their environment and that
the results of this learning, which might collect-
ively be called an environmental model, form the
basis for comparisons made when the environ-
ment changes. The reaction to a change is
greater if the model has had longer to become
established.
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