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Open-field behavior in domestic chicks tested
individually or in pairs: Differential effects of

painted lines delineating subdivisions of the floor

R. BRYAN JONES and NINAL. CARMICHAEL
Roslin Institute (Edinburgh), Roslin, Midlothian, Scotland

The open field is a common test of fear, but the apparatus varies widely. Lines painted on the floor
facilitate measurement of locomotion (areas entered), but, though some animals balk at lines, this vari
able has received little attention. In Experiment 1, lO-day-oldfemale chicks were tested individually in
an open field with an unmarked floor or one delineated into areas by 1- or 3-mm-wide black lines.
In Experiment 2, chicks were tested in pairs in the presence or absence of 3-mm-wide lines. Strong
intraindividual correlations demonstrated that both paces and areas entered are effective measures of
locomotion. Chicks tested individually were unaffected by the presence or width of lines. Conversely,
pair-tested chicks paced and pecked more when the floor was delineated. Given the latter flndings,
some standardization is recommended.

The open-field test has become established as a stan
dard instrument in many laboratories, largely because of
the ease and rapidity with which a number of basic be
havior patterns can be measured. Its wide applicability has
also contributed to its popularity; for example, open-field
behavior is sensitive to environmental, experiential, phar
macological, and genetic manipulation. The test has been
traditionally used to estimate fear (emotionality), although
the interpretation ofopen-field behavior is a controversial
issue. Indeed, researchers have evoked several behavioral
constructs to explain their data; these have included fear,
arousal, social motivation, predator evasion, exploration,
and territorial marking (Archer, 1973; Gallup & Suarez,
1980; Gray, 1979; Jones, 1987a, 1989;Walsh & Cummins,
1976). However, these interpretations are not mutually in
compatible, and it has been argued that fear may represent
a common motivational state (Jones, 1989).

In most studies, the open field has consisted of a novel,
barren, well-illuminated enclosure that is larger than the
home cage and from which escape is prevented. However,
this is a catholic definition. Many different types of appa
ratus have been used, and there has been considerable vari
ation in shape, size, material, substrate, color, ambient
noise, illumination, temperature, novelty value, and so on.
Open-field behavior is sensitive to variations in all of these
features (Jones, 1987a; Jones & Faure, 1982; Walsh &
Cummins, 1976), and calls have been made for some stan
dardization of the apparatus across laboratories (Walsh &
Cummins, 1976).
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Some researchers (Archer, 1973; Walsh & Cummins,
1976; Wimer & Sterns, 1964) have also painted lines on
the floor in order to delineate subdivisions or discrete
areas of the open field and thereby to facilitate the mea
surement of one aspect oflocomotor behavior in labora
tory rats and mice (expressed as the number of areas en
tered). However, some domestic animals, such as cattle
and pigs, are known to balk at and refuse to cross areas
of high contrast on the floor, such as those created by
shadows, plastic strips used as door thresholds, and drain
grates (Grandin, 1994). Indeed, in the western United
States, the highway department often paints lines across
the road to prevent cattle from crossing (Grandin, per
sonal communication, January 1995). Thus, the presence
or absence oflines on the floor of the open field and dif
ferences in their nature may represent other potentially
confounding sources of variation between laboratories.
However, to the best of our knowledge, the potential ef
fects of such lines on open-field behavior had been ne
glected until Greenberg (1994) demonstrated that the
width of such lines influenced ambulation in spiny mice.

Although the bulk of open-field research has focused
on laboratory rodents, the domestic chick is also receiv
ing growing attention in this respect. Indeed, because
fear can seriously damage the welfare, management, and
performance ofpoultry (Jones, 1996), its assessment and
reduction are important. Furthermore, it has been sug
gested that the open-field responses ofyoung chicks may
represent potential selection criteria for future commer
cial breeding programs (Faure, 1980). Here, however,
there has also been considerable diversity in the types of
open field used in different laboratories (Jones, 1989),
and the floors either have remained unmarked or have
been subdivided by white or black lines into squares, rec
tangles, circles, or various other shapes (Archer, 1976;
Faure, 1981; Gallup, Ledbetter, & Maser, 1976; Jones &
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Waddington, 1992; Sanberg, Faulks, Anson, & Mark,
1982). The nature of the substrate used in the open field
is already known to be influential, with chicks showing
greater ambulation when it consisted of wood shavings
or wire mesh rather than paper (Jones & Black, 1979).
Lines painted on the floor might also represent a partic
ularly influential variable because not only are domestic
chicks capable of fine visual discrimination but they
generally pay close attention to the ground and readily
peck at conspicuous or discrepant stimuli (Dawkins, 1968;
Rogers, 1995). However, there is no information concern
ing the potential effects of painted lines on their open
field behavior.

The present study addressed this issue in two separate
experiments. Chicks are most commonly tested in isola
tion in the open field. Therefore, in Experiment 1, we
recorded the open-field responses of individually tested
lO-day-old female chicks as a function of the presence or
absence ofblack lines painted on a gray floor and of their
width (lor 3 mm). However, chicks are also frequently
tested in pairs, trios, or even larger groups (Jones, 1989).
The presence of social companions in the open field has
been reported to reduce fear, to modify vocalization and
locomotory behavior, and to increase pecking at food
and nonfood items by domestic chicks (Hogan & Abel;
1971; Jones, 1983, 1989; Jones & Merry, 1988; Tolman,
1965; Wilson, 1968). In this context, it could then be ar
gued that the presence of lines might be more likely to
elicit exploratory pecking and to thereby indirectly af
fect locomotion when birds are tested socially. There
fore, in Experiment 2, we compared the open-field re
sponses of pairs of chicks when they were tested in the
presence or absence of 3-mm-wide black lines on the
otherwise gray floor.

Because sex differences have been reported in the re
sponses ofdomestic chicks exposed to an open field or to
sudden isolation (Jones, 1987b; Jones & Faure, 1982;
Jones & Williams, 1992; Vallortigara & Zanforlin, 1988),
an arbitrary choice was made, and only female chicks
were used. The chicks were always tested when they were
10 days old. This age was chosen because, as overall bias
to right hemisphere control develops, fear levels are
thought to become relatively stable from Day 9 or 10 on
wards (Andrew & Brennan, 1984). Our choice of a cir
cular open field with a gray floor painted with black lines
reflected the type ofapparatus that we have typically used
in our laboratory. Furthermore, beginning with Hall
(1934), open fields have most commonly been circular.

GENERAL METHOD

Subjects and Husbandry
Female ISA Brown chicks (a medium-hybrid line originally de

rived from a Rhode Island Red x Rhode Island White cross) were
used in both experiments. The chicks were obtained in two batches
(48 in Experiment I, and 56 in Experiment 2) from a commercial
supplier at I day ofage. Upon receipt, they were allocated at random
to one of three groups of 16 or 20 chicks. The groups were then

housed in separate compartments within the upper and middle decks
ofa three-deck tier brooder. The bottom deck was not used because
of the low levels ofillumination and extraneous stimulation to which
its residents would have been exposed. Food (chick starter mash)
was provided ad lib in a trough at the front of the compartment, and
water was freely available from nipple drinkers situated along one
side of each compartment. The photoperiod ran from 0500 to
1900 h, and the ambient temperature was maintained at approxi
mately 29°C. The chicks remained undisturbed apart from routine
maintenance activities until they were tested at 10 days of age.

Open-Field Apparatus and Test Room
The open field was situated in a room different from that in

which the chicks were housed, and it consisted ofa 75-cm-diameter
circular arena. The 45-cm-high metal wall was painted matt black,
whereas the wooden floor was colored pale gray. Three different
types of floor were used in Experiment I. The first was unmarked
(U). The second was marked by a circular black line (indelible ink)
that divided the floor into an inner area and an outer area and
by three black lines drawn across the diameter and at 60° to each
other. These lines subdivided the floor into 12 areas of approxi
mately equivalent size; all lines were 1 mm wide (OF I). The third
type offloor was similarly subdivided by black lines, but these were
3 mm wide (OF3). In Experiment 2, only the U and OF3 floors were
used.

The ambient temperature in the test room during both experi
ments was similar to that under which the chicks were housed. Ven
tilator fans ran continuously in both the housing and the test rooms,
and they provided similar levels of what might be construed as
white noise.

EXPERIMENT 1

Method
Each chick was tested individually and once only at 10 days of

age. It was picked at random from one of the three brooder com
partments, carried approximately 5 m by hand, and placed in the
center of the open field. A video camera was suspended 2 m di
rectly above the open field, and the chick's behavior was recorded
for subsequent analysis using a closed-circuit television system.
The three test conditions (U, OFI, and OF3) were imposed in ran
dom order, and 16 chicks were tested in each. A diagrammatic rep
resentation of the open-field subdivisions was also prepared on an
acetate sheet; this was placed on the television screen during analy
sis of responses in the U test situation. The following measures
were recorded over the 5-min observation period: the latencies to
vocalize and to ambulate, and the numbers ofvocalizations, paces,
areas entered, jumps, pecks at the environment, and defecations.
The chick was deemed to have moved from one area to another
when the major part of its body had crossed the line. The chick was
marked with indelible ink and then returned to its home cage after
testing; the mark ensured that it was not inadvertently retested. If
defecation had occurred, the floor of the open field was cleaned
with paper tissues before the next trial.

Comparisons of the behavioral measures were made across each
ofthe three test conditions using the Kruskal-Wallis analysis ofvari
ance (adjusted for ties). The Mann-Whitney U test (two-tailed) was
used for between-test comparisons if these were deemed necessary.
The degree of intraindividual association between the two scores of
locomotor behavior (areas entered and paces) was determined using
pooled data and the Spearman rank correlation coefficient.

Results
Apart from jumping, the chicks' open-field responses

were not affected either by the presence or absence or by
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Table I
Open-Field Responses of Individually Tested Female Domestic Chicks When

the Floor Either was Unmarked (U) or was Delineated Into Sectors
by I-mm-wide (OFt) or 3-mm-wide (OF3) Black Lines

U OFI OF3

Measure M SE M SE M SE P

Latency (in seconds)
to vocalize 25.4 18.5 26.8 18.5 40.8 25.3 .44

Latency (in seconds)
to ambulate 48.9 19.6 104.7 29.4 67.8 26.3 .18

Number of:
Vocalizations 388.4 35.4 279.5 40.1 290.3 41.6 .10
Paces 28.3 4.7 40.1 12.8 33.9 10.5 .85
Areas entered 5.9 0.8 5.0 1.1 5.2 1.0 .60
Jumps 1.5 0.8 0.6 0.4 0.4 0.2 .04
Pecks 2.7 1.1 1.5 1.1 0.2 0.2 .09
Defecation 1.3 0.1 1.0 0.2 1.1 0.2 .49

Note-p values derived using the Kruskal-Wallis analysis of variance.

the width of the lines painted on the floor (Table 1).
Jumping was observed more often in the U test situation
than in either the OFI (U= 78,p< .039) or the OF3 (U=
76,p < .032) tests. This finding is considered likely to re
flect chance, particularly since only 19 of the 48 chicks
tested actually jumped (11 in U, 4 in OFl, and 4 in OF3).
Of these, most jumped only once; however, the U group
contained 1 outlier that jumped 12 times.

A high intraindividual correlation ir, = .946; N = 48;
t = 6.782; P < .001) was found between the numbers of
paces and of areas entered.

EXPERIMENT 2

Method
Pairs of chicks were captured from one of the three home com

partments and immediately carried to the test room. One ofthe chicks
was marked on its head with indelible ink in order to facilitate iden
tification. They were then placed simultaneously in the center of the
open field. Two types offloor were used on this occasion. These were
either the unmarked gray floor or one subdivided into 12 sectors with
3-mm-wide black lines. Fourteen pairs of chicks were tested in each
ofthese situations. The chicks' responses were recorded on videotape
over a 5-min period, and the variables described above were again
measured for each of the 2 chicks. The previously unmarked chick
was spotted with ink before both were returned to the brooder.

For each variable measured, the scores recorded for each mem
ber ofa pair were summed and then halved to give a single value for
each pair. The resultant pair means were then used as data points.
The Mann-Whitney Utest was used to compare chicks' responses
in the two test situations. The intraindividual association between
the numbers of paces and of areas entered was calculated using
pooled data and the Spearman rank correlation coefficient.

Results
Paired chicks paced and pecked at the environment

significantly more when they were tested in an open
field with a delineated floor rather than an unmarked
floor (Table2). A numerical tendency to enter more areas
was also apparent in the presence oflines. Jumps are not
reported in Table 2 because this behavior was observed

in only 1 of the 56 chicks tested, and this chick jumped
only once. In those trials where pecking was observed in
the lined open field, the chicks showed similar (p = .773)
numbers of pecks at the black lines per se (4.5 ± 0.92,
mean and standard error) and at the general environment
(4.0 ± 0.77).

Scores ofwalking and of areas entered were positively
and highly correlated within individual birds (pooled
data; rs = .900; N = 28; t = 5.096; P < .001).

DISCUSSION

Although subdividing the floor of an open field with
painted lines in order to aid the measurement of loco
motor activity is a common practice, its potential role as
an influential variable had been virtually neglected.
However, the apparent interplay found in the present
study between this variable and the social situation at test
sounds a cautionary note, at least in the domestic chick.

On the one hand, apart from jumping, the open-field
responses of socially housed, individually tested chicks

Table 2
Responses of Socially Reared Female Domestic Chicks

When They Were Tested in Pairs in an Open Field
with an Unmarked Floor or One That was

Delineated Into Sectors by 3-mm-wide Black Lines

Unmarked Lined

Measure M SE M SE p

Latency (in seconds)
to vocalize 89.1 23.4 59.2 22.1 .46

Latency (in seconds)
to ambulate 134.1 34.0 107.6 18.5 .25

Number of:
Vocalizations 178.4 30.1 119.1 24.5 .66
Paces 11.1 4.4 26.1 5.6 .03
Areas entered 2.5 0.4 3.6 0.5 .09
Pecks 0.50 0.23 3.50 0.08 .005
Defecation 0.32 0.09 0.25 0.09 .52

Note-p values derived from analysis by the Mann-Whitney U test
(two-tailed).
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were unaffected by the presence or width of black lines
painted on the gray floor. Jumping was observed more
often when chicks were tested on an unmarked (U) floor;
however, in view of the low number ofbirds that showed
this behavior and the presence of an obvious outlier in
the U treatment group, this finding probably reflects a
chance effect. Collectively, these findings suggest that
rigid standardization ofthe presence or width oflines de
lineating subdivisions may not be required when mea
suring the open-field behavior of individually tested do
mestic chicks. Whether this conclusion generalizes
across different ages, strains, and species, across differ
ent shapes, sizes, and colors ofopen field, or even across
different numbers, colors, and shapes oflines remains to
be determined. However, it is interesting to note that
Wimer and Sterns (1964) found no differences in loco
motor activity when mice were tested either in a visually
simple open field that had been divided into squares with
black lines or in one that had been made visually com
plex by the addition of outlined geometric forms within
the squares.

On the other hand, pacing and pecking at the environ
ment were observed significantly more often when pairs
of chicks were tested in an open field with a delineated
floor rather than an unmarked floor. Open-field ambula
tion often reflects attempts to escape from the enclosure
or to reinstate social contact with the home group
(Gallup & Suarez, 1980; Jones, 1987a). However, given
the virtual absence of jumping and the numerical ten
dency toward reduced vocalization, the high levels of en
vironmental pecking shown in the presence of lines are
more consistent with an interpretation based on height
ened exploration rather than social reinstatement or es
cape. Furthermore, pecking was directed not only at the
lines but also to other areas of the floor and the wall.

Strong intraindividual correlations were found in both
experiments between the numbers of paces and of areas
entered. These correlations suggest that both these scores
are effective measures oflocomotor behavior. These find
ings are also reminiscent of the significant association
reported (Faure & Jones, 1981) when the open-field be
havior of domestic chicks was recorded automatically
(number of light beams broken) and by direct observa
tion (number of paces).

In conclusion, although individually tested chicks were
unaffected, the presence of lines on the floor influenced
open-field behavior when chicks were tested in pairs. The
latter finding suggests that standardization of this vari
able across laboratories could eliminate at least one po
tential confound and thereby aid the interpretation of
open-field data. Standardization could be easily and
effectively achieved in one of two ways. First, if closed
circuit television is available, the floor of the open field
could be remotely subdivided by placing an acetate sheet
marked with a grid pattern over the monitor screen. Sec
ond, in view of the positive association found here be
tween the scores of pacing and of areas entered, simply

counting the number ofpaces should yield effective mea
sures of ambulation.
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