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a b s t r a c t

A typical open field consists of a square enclosure, bounded by four straight walls joined by identical
corners. For decades behavioral researchers have used the open center and more sheltered perimeter of
such fields to examine the effects of drugs, sex differences, and illumination on the behavioral expression
of fear and anxiety. The present study “reversed” the relative security of the center and periphery of a
circular field to re-examine the functional relation of open field behavior to experience, sex differences
and lighting. Across six daily exposures, males in both the light and dark rapidly increased their preference
for the center. Females in the light developed a similar pattern, though more slowly; females in the dark
continued to spend the great majority of their time in the open periphery, including the edge of the field.
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The behavior of all groups, but especially the dark females, strongly supports the continued importance
ent in

1

h
a
l
t
i
m
a
t
S
c
o
d
[
m
h
[

g
o

1
f

i
n
t
R
e
v
e
h
r
l
t
[

a
e
t
w
a

0
d

erimeter
pen field
ecurity

of environmental assessm

. Introduction

Since 1920s locomotor behavior of domesticated Norway rats
as been studied in standardized open fields [13]. These fields
re typically a 1–2 m square enclosure with 40–60 cm high walls,
ocated on the floor of a well-lit experimental room. Rats express
he majority of their locomotion and rearing in close proxim-
ty to the walls, often taking up temporary residence in one or

ore corners. Disproportionate amounts of locomotion, rearing,
nd time spent near walls and corners, relative to in the center of
he field, have been used to index fear and emotionality [1,13,20,30].
uch measures have found particular popularity in pharmacologi-
al studies examining the anxiety of drugged versus control groups
f rodents [5–7,24]. The open field has also been used to identify
ifferences in the behavior of individuals, strains, sexes, and species
17,18,29,30]. Manipulations of the standard open field environ-

ent, such as turning off the lights or placing objects in the field,
ave also been used to further investigate differences in behavior

9,10,30,32,33].

In the past few decades, published research using open fields has
rown to include additional rodent species and functional analyses
f structural elements of locomotion in the field. These elements
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nclude looping patterns of locomotion, the tendency to orga-
ize movement around individually established home bases, and
he role of movement in increasing security [2,8,11,12,26,27,31,34].
ecent research has used a variety of open field designs, including
levated tables without perimeter walls [11,23,31]. In empty ele-
ated fields, rodents spend the majority of their time at the table’s
xposed edge, where they establish home bases. Other research
as placed free-standing corners in a standard open field and in a
ound field with curved walls. A free-standing corner, whatever its
ocation in the field, is an attractive point for exploration; however,
he home base is usually located at a perimeter corner, if available
31,32].

The present study merged recent lines of open field research to
nalyze further the role of security seeking, related to corners, and
nvironmental assessment, related to free-standing corners and
he perimeter, in determining locomotor behavior. The apparatus
as an elevated circular field with free-standing corners arranged

round the center of the field, but without a wall at the perime-
er (see Fig. 1). This arrangement inverted the potential security
unctions of the center and periphery relative to other open fields.
o further differentiate the functions of behavior at the center of
he field, three of the six free-standing corners (every second one)
aced the center while the other three faced the perimeter. These

wo kinds of corner were intended to differentiate the role of cor-
ers as a discontinuity in the environment to be explored from their
ole in increasing security. We hypothesized that the three corners
pening to the center of the field were likely to be perceived as more
ecure (measured by time spent) than the corners opening toward

http://www.sciencedirect.com/science/journal/01664328
http://www.elsevier.com/locate/bbr
mailto:jeffalstott@gmail.com
dx.doi.org/10.1016/j.bbr.2008.09.001
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indicator lights which might have provided a beacon to the rats.
ig. 1. Side view of the table (left) and a diagram of the table as viewed from the
eiling (right).

he edge of the field (measured by time spent). Further, because the
erimeter of the field lacked both walls and corners, we were able to
xamine the extent to which repeated locomotion and time spent
pproaching and exploring the open perimeter of the field reflects
ssessment of the field’s limits. Finally, because open field research
as often related sex differences and lighting effects to fear and
motionality, we tested the same variables by running male and
emale groups in light or darkness for six daily 5 min exposures.

To the extent that the primary goal of rat behavior in an open
eld is safety and security seeking, rats should spend proportionally
ore time in the center of our “reversed” open field, with greater

ime spent inside the free-standing corners facing the center than
nside those facing the periphery. Similarly, rats should avoid differ-
ntially the periphery of the field beyond the area, particularly the
dge of the perimeter. On the other hand, to the extent that assess-
ng the limits of the space in which an animal finds itself on a daily
asis is an important determinant of its behavior, we expect to see

ersistent time spent in the outer circle of the field, including sniff-

ng and whisker contact at the edge of the field. Finally, based on
ast results, we expect males to show more “security seeking” than

emales, spending more time in the center and the center-facing
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orners, and groups run in the dark to spend less time in the center
f the field than comparable groups run in the light [4,9,15,21,30].

. Materials and methods

.1. Subjects

The subjects were 18 male and 16 female lab rats (Rattus norvegicus) between 4
nd 5 months old at the beginning of the study. All rats had previously participated
n a behavioral study of spatial learning in a Morris water maze. Rats were housed
ndividually in metal cages (24 cm deep, 20 cm wide, 18 cm high) in a colony room,

here they received food and water ad libitum. The colony was lit from 7 a.m. to 7
.m. and dark the remaining hours. Colony temperature was maintained between
6 and 78 F.

.2. Food deprivation

Starting 6 days before the beginning of the experiment, food was no longer
vailable ad libitum. The rats were weighed daily 10 to 20 minutes before their
egular afternoon feeding, then given a daily amount of food designed to reduce
nd maintain their body weight at 85% of their free feeding level. The rats rapidly
howed anticipation of this feeding time, with increasing alertness, locomotion, and
rooming beginning in the afternoon hours. Throughout the experiment the rats
ere weighed before they were taken from the colony, and were fed at least 15 min

fter their return.

.3. Experimental room

The experiment took place in a 3.65 m × 3.65 m sound insulated room with a
lack floor, designed to minimize uncontrolled sensory cues. All four walls were
overed by heavy, black, vinyl curtains hung from a track in the ceiling immediately
n front of each wall. In trials run in darkness, three of the curtains were pulled back
o the corners of the room to increase the illumination provided by the infrared LED
ight bank for the infrared-sensitive video camera. The remaining curtain covered
he insulated door on all trials to further deaden sound and prevent light leaks. The
-m high ceiling was white tile and hosted four air vents and eight fluorescent light
xtures with four 17 W bulbs each. Lights and vents were symmetrically arranged,
hough only one vent was active. Suspended from the middle of the ceiling was a
ircular start cage, 10 cm tall and 26 cm in diameter, made of wire mesh covered in
uct tape. This cage, with a diameter slightly larger than the length of a rat, was
ttached to a string which ran through a pulley system in the ceiling to outside the
oom. To introduce a rat into the environment, the experimenter would place the
at underneath the start cover at the center of the field, exit the room, and raise the
over to the ceiling from outside using the string.

.4. Table

The experiment proper took place on a circular, wooden table, placed in the
iddle of the room. The table was 1.67 m in diameter and raised 1 m off the ground

n two metal sawhorses. Six free-standing corners were arranged around a virtual
ircle on the table with a diameter half the diameter of the table (see Fig. 1). The
orners were 30.5 cm tall, consisted of two 10 cm × 2.5 cm wooden segments nailed
ogether at right angle, and were mounted on end with pegs stuck into holes in the
able equidistant from the edge and center of the table. The corners were sufficiently
all that rats did not climb on top of them. The table and corners were painted black
nd sealed with polyacryclic. The arrangement of the corners created a center area
alf the diameter of the apparatus, the “inner circle,” and a peripheral area, the
outer circle”. The corners alternated directions, with three corners opening in to
he center and three opening out to the periphery.

.5. Tracking

As noted, an infrared-sensitive Panasonic video camera was placed at the center
f the ceiling with an infrared LED bank hung near it. The camera was connected to a
VD recorder, monitor, and computer outside the room. The experimenter observed

he rat on the screen while the video feed was written onto a DVD. The behavior of the
ats was simultaneously digitally captured on the computer with a tracking program
Ethovision, by Noldus Information Technologies, NL) which provided the ability to
nalyze the rat’s movements in the field. Trials run in the light were illuminated by
he fluorescent lights. All trials run in the dark were illuminated by the infrared LED
ank, which emitted a wavelength of light longer than rats can see [22]. The only
ntry door to the room was designed with gaskets to block sound and light and was
overed by a black vinyl curtain, as previously described. The camera had no visible
.6. Procedure

All rats were individually released on the table environment for one 5 min trial
n each of six successive days. The trials were run in mid-afternoon, within the 2 h
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most frequently observed behavior at the edge of the table in the
dark was hanging the head over the edge, turning the neck until
their vibrissae contacted the side and underside of the table. There
were no significant interactions involving days, sex, and/or light-
16 J. Alstott, W. Timberlake / Behaviou

efore the rats’ feeding time. On each day each rat was removed from its home cage
nd carried to the lab in metal carrying cages with four individual compartments.
or each trial, the experimenter removed a single rat from its compartment, carried
t into the experimental room, and placed it on the center of the table, beneath
he start cover. For animals to be run in the dark, the room was dark when the
xperimenter entered with the rat. After placing the rat underneath the cover, the
xperimenter left the room, covered and shut the door, and began recording on the
VD player. The experimenter then raised the cover, using the pulley-aided string,

o release the rat to move about the arena. Once the cover was pulled completely
ut of the camera’s way (approximately 2 s), the experimenter started Ethovision’s
racking of the rat. After Ethovision tracking started, the trial lasted 5 min before the
xperimenter entered the room (still in darkness, for rats run in the dark), picked
p the rat using light from the open doorway, and returned it to the carrier. The
xperimenter then cleaned away any feces and urine with paper towels and an
rganic acid cleaning solution. This solution removed odors and was blotted dry
efore the next trial After all rats had been run they were returned in their carriers to
he colony and placed in their cages to be fed later according to the food deprivation
rocedure described above. Because the rats traveled to and from the colony as a
roup, but had individual trials, there was some waiting time in the carriers. The
ats waited 10–60 min before their trial, and 20–90 min before their return to the
olony. The order in which the rats were run varied, meaning the exact time waited
y any individual rat was unpredictable within this range from day to day.

.7. Measures

The primary measure was the amount of time the rats spent in central and
eripheral areas of the field, presented as a percentage of the 5 min in each trial.
hese areas included the “inner circle” and “outer circle,” as previously described
n Section 2.4. The inner circle had a radius of 83 cm (half the table’s width) and
overed 25% of the table’s surface area. The outer circle covered the remaining 75%
f the table. The inner circle was identified as more secure because the surrounding
ix free-standing corners provided cover, while the outer circle was exposed and
ncluded the “cliff” at the perimeter. The outer 10 cm of the outer circle, which cov-
red 22.7% of the total table surface area, was designated as the “edge” and also
ecorded.

The time spent within 10 cm of the six free-standing corners was the final loca-
ion measure. The corners each had two sides: a “recessed” side (presumed more
ecure) and a “protruding” side (presumed less secure). These two sides were fur-
her differentiated by whether the side was in the inner or outer circle (see Fig. 1).
his created four corner-related positions for the rat, ranging from the least secure
outer circle, protruding corner” to the most secure “inner circle, recessed corner.” In
ddition to corner-related measures, we recorded two locomotion measures: total
istance covered and percent of time spent moving. “Moving” was defined as occur-
ing when the rat’s sampled velocity was greater than 2 cm/s. The results for all
easures failed Mauchly’s test of sphericity (p ≤ 0.05). Therefore, all measure val-

es and statistics reported are the estimated marginal means and p- and F-values
alculated by a multivariate analysis of variance.

. Results

.1. Inner circle

On the first day all four groups spent roughly equal time in the
nner circle (Fig. 2), all near the 25% level expected by chance, based
n the area of the inner circle relative to the whole table. Over sub-
equent days, males and females in the light quickly increased time
pent in the inner circle to nearly 90% for the males and 70% for the
emales. Males in the dark also increased their inner circle time
ver trials, but more slowly and to a notably lower asymptote of
5%. Surprisingly, females in the dark actually decreased time spent

n the inner circle over the next 5 days (F(5, 27) = 2.88, p = 0.033),
ventually spending only around 15% of the trial there. Disregarding
ighting differences, there was a weak interaction of days and sex
F(5, 27) = 2.278, p = 0.075): males and females both started with a
ow inner circle time that increased over daily trials, but the males
ncreased their time more rapidly. There was no interaction of sex
nd lighting independent of days (F(1, 30) = 2.128, p = 0.155).
.2. Free-standing corners

While initially rats showed little preference for any corner, by
he fifth day both sexes in the light came to spend over 60% of their
ime at the recessed (safest) free-standing corners in the inner cir-

F
b

ig. 2. Inner circle time for both sexes and lighting conditions by days. Vertical bars
enote standard errors.

le (Fig. 3). Over the course of the experiment, males and females
n the light spent, respectively 50 and 40% of their total time, at
he recessed corners in the center (F(1, 31) = 16.65, p < 0.001). These
hree corners were the areas of the field with the most cover. In
ontrast, neither males nor females in the dark showed any prefer-
nce for a corner type throughout the experiment; females spent
o more than 5% of trial time by any given corner type, and males
pent no more than 11% (F(5, 27) = 10.88, p < 0.001).

.3. Edge and outer circle

All groups spent much less time than chance within 10 cm of
he table’s edge, with an average of 1.02% time spent at the edge
ersus the 22.7% of the table’s surface area the region occupied
Fig. 4, white bars). Further, during the 6 days of exposure the aver-
ge portion of time spent at the edge (combining sexes and lighting
onditions) was nearly halved, 1.68% on day 1 and 0.82% on day
(F(1, 27) = 3.36), p = 0.017). In the dark, though, both sexes spent
ore time by the edge, with females almost doubling the time spent

y males (F(1, 30) = 6.62, p = 0.015). Additionally, for both sexes the
ig. 3. Time spent by the four kinds of corners in a lit environment by days, com-
ining both sexes.
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ig. 4. Time spent within 10 cm of the table’s edge, both as percent of total time
white) and relative to time in the outer circle (black). This region made up 22.7% of
he table’s surface area, making time spent in all groups far below chance.

ng. Finally, because the edge region is contained within the outer
ircle, we evaluated whether differences in time spent at the edge
f the field by different groups simply reflected time spent in the
uter circle. To examine this, we tested the ratio of the time spent
t the edge to the time spent in the outer circle (see Fig. 4, black
ars). All reported effects were still significant, indicating that the
ehavior at the edge did not simply reflect the behavior of the rat

n the outside circle.

.4. Locomotion measures

Fig. 5 shows that for all groups distance moved decreased
lightly over the six daily trials, though significantly more for males
han for females (F(5, 27) = 2.92, p = 0.031). Although both sexes
overed roughly equal ground in the light, in the dark females
oved a significantly greater distance than males (Fig. 5) (F(1,

0) = 5.35, p = 0.028). Additionally, as shown in Fig. 6, all groups
lightly decreased time spent moving (velocity greater than 2 cm/s)
uring the 6 days, from an average of 86% on day 1–74% on day 6 (F(5,
7) = 6.92, p < 0.001). There was no significant effect of the sexes on

ime spent moving, nor an interaction of days with sex or lighting.
owever, combining sexes, rats in the dark spent 90% of their time
oving, while those in the light moved only 67% of the time (F(1,

0) = 62.39, p < 0.001) (Fig. 6).

Fig. 5. Distance moved for both sexes and lighting conditions by days.
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Fig. 6. Time spent moving for both sexes and lighting conditions by days.

. Discussion

In an open field, rats typically spend the largest portion of their
ime by cover. However, when cover is completely unavailable, in
he form of an empty field with no walls, rats instead spend the
argest portion of their time at the edge, a cliff [23,31]. Just as
nclosed open fields place the protective wall at the perimeter,
revious research placing cover in an open field without walls has
ositioned the cover at the edge, overlapping the draw of cover
ith the possible attraction of assessing the perimeter [23,31]. This

tudy sought to differentiate and compare cover and the perime-
er as determinants of exploration in rats by physically separating
hese two features. A circular, elevated open field without walls was
sed, in the middle of which stood a circle of six free-standing cor-
ers. To test an array of preferences for security and exploration,
oth female and male groups of rats were exposed to the field in
he light or in the dark for 6 days.

On the first experimental day, regardless of sex or illumination,
ll groups spent a proportion of time in the inner and outer circles
oughly equal to chance (25 and 75%), showing extensive move-
ent throughout the entire field. After the first day, though, both

exes in the light and males in the dark spent increasingly more
ime in the protective inner circle, with males in the light spending
lmost 90% of each trial in the most secure area (Fig. 2). Additionally,
ats in the light spent approximately 60% of each trial at the recessed
orners of the inner circle, the area with the most cover (Fig. 4). In
ontrast to their security seeking behavior in the light, females in
he dark spent slightly less time than chance in the inner circle,
verall spending more time in the exposed outer circle. Further-
ore, both females and males in the dark had no preference for the
ore secure free-standing corners. Increased activity in exposed

reas by females in the dark has been observed previously in stan-
ard, enclosed open fields, but not in such a marked fashion [30].

.1. Lighting Effects

The observed effects of light in depressing locomotion conform
ell to reports from previous research [4,9,21,30]. These differences

n behavior between the light and dark groups are likely due in
art to a balance between immediate access to information pro-
ided by light and the rat’s evolutionary history of avoidance of

rightly illuminated areas. Darkness is an excellent cover against
isual predators, so remaining near or in protective locations likely
as a smaller impact on fitness in the dark than in the light. As a
esult, we might expect rats in the dark to be less security seeking
nd/or “fearful” than in the light.
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While part of the higher activity of the dark groups was likely
ue to a release of the inhibitory effects of light on movement it

s worth considering that dark groups cannot use vision to initially
cquire and daily reacquire information about the nature of their
nvironment. In contrast, light groups can relatively quickly deter-
ine they are in a familiar environment without moving around

xtensively [4].This may account for the rapid movement of the
ight animals over days to a secure area. In contrast, the dark
roups must patrol the environment daily to establish that little
as changed. By this argument, the impact of prior exposure to the
nvironment on total locomotion should be less for rats in darkness,
hich it was.

.2. Sex differences

As expected from previous data, males showed more security
eeking behavior than females, as evidenced by more time spent in
he inner circle and in the recessed corners. Interestingly, although
n the light males spent slightly more time in the inner circle than
emales (see Fig. 2), males spent relatively even more time in the
nner circle than females in the dark. Thus, although the light data
howed trends conforming to previous literature reporting that
ales are more cautious and fearful than females [15,19,30], it

eemed odd that males should be relatively even more fearful in the
ark than females. This suggests there may be another contributor
o differences in male and female open field behavior.

The weak interaction of sex and days with regard to time in
he inner circle (males increasing inner circle times faster than
emales), may indicate that males adapted to the environment

ore quickly than females. Given that all groups behaved simi-
arly on the first day, the subsequent difference between the sexes

ay not originate from different overall preferences or levels of
motionality, but from disparities in certainty of knowledge of the
nvironment. Previous research has shown a male advantage in
patial memory, due in part to several differences in neural struc-
ures, as well as the memory disrupting effects of estrous cycles
3,14,16,25,28]. Finally, in the present experiment, comparison of
ime spent moving relative to distance covered shows that males

ove more slowly, possibly exploring more thoroughly. For these
easons, males may better retain information about the spatial envi-
onment than females, and so spend relatively less time renewing
t in the dark.

.3. Females in the dark

It seems possible that the remarkable behavior of females in
he dark reflects an interaction of lighting with sex differences. At
he end of the experiment males in the light spent around 30%

ore time in the inner circle relative to males in the dark, while
emales in the light spent greater than 50% more time in the inner
ircle than in the dark. At the same time, females in the dark spent
ore time than any other group at the edge of the outer circle.

he traditional explanation for such differences in activity would
e that rats are more cautious in the light than in the dark, and that
ales appear more cautious that females [9,15,19,21,30]. However,

s noted above, these hypotheses do not precisely fit the results we
btained.

In the present study, female rats in the dark spent an unex-
ectedly large amount of time in the outer circle of the field and
t the edge, despite the absence of safety or cover in these areas.

hile research in traditional open fields has shown that females

n the dark spend more time in the open than male rats, they do
ot show as large a preference for exposed areas as found in the
resent experiment. A possible contributor to the present effect is
hat females simply seek more information about the surrounding

[

[

ain Research 196 (2009) 214–219

nvironment than males. However, as mentioned above, females
re not as adept at remembering the spatial aspects of the open
eld as males, perhaps especially without visual cues present. As
result, females in the dark may spend more time and movement

o assess salient features of the environment, such as objects, cover
nd the periphery.

. Conclusion

Our data provide additional evidence that cover and security
re important determinants of both male and female rat locomotor
xploration under conditions of both light and dark. In the tradi-
ional open field, four walls and corners make up the perimeter of
he environment, simultaneously providing cover and an opportu-
ity to assess the limits of the field. In the present study, we reversed
he location of cover by placing free-standing corners in the center
nd removing walls and corners from the periphery. This change
eversed the dominant location of time spent in an open field from
he periphery to the center. In the light, both males and females
pent by far the most time in the “secure” inward facing corners rel-
tive to all other corners. However, both sexes continued to check
he periphery of the field, including the edge, daily, assessing the
imits of the environment.

In contrast, in the dark both sexes showed less security seeking
ehavior, spending more time outside the inner circle and at the
dge, even though the field had no attractive perimeter wall. These
emales spent by far more time in the outer circle and at the edge
han any other group. The size of the difference suggests that female
ats in the dark are not simply less fearful than females in the light
r male rats in the light or dark (although that could be so), but
ifferentially motivated to persist in exploring the peripheral areas
f a dark environment. Thus, while female rats may be uniquely
ess cautious than males in the dark, they may also acquire envi-
onmental information in more depth, more slowly, and/or with
oorer retention in the absence of visual data.
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