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such as food and water consumption,
weight gain and behaviour in rats housed
on each type of floor.
Preference testing is a well proven
method for comparing animal husbandry
conditions and has been used to compare
choices made for different types of flooring
both in farm animals such as poultry
[Hughes & Black 1973, Hughes 1976,
Dawkins 1978, Dawkins 1981, Dawkins &.
Beardsley 1986, Petherick et al. 1990), pigs
(Marx &. Schuster 1980, van Rooijen 1981,
Farmer &. Christison 1982, Hutson 1989),
cattle (Grittner 1977) and in laboratory
animals including rabbits (Turner et a1.
1992L rats and mice lBlom et al. 1993).
Preference testing has also been used to
demonstrate that laboratory rats and mice
will choose cages differing in criteria such
as size and shape (Syme &. Syme 1976,
Weiss et ai. 1982, Weiss &. Taylor 1985),
amount of shelter (Baumans et a1. 1987L
complexity (Hughes 1968, Denny 1975),
sources of environmental enrichment (Will
et a1. 1979, Bradshaw &. Poling 1991) and
type of nestbox (Buhot-Averseng 1981,
Buhot 1986).
Preferences may differ according to the
time of day when animals are tested. For
example, Denny (1975) found that rats
chose to spend more time in a complex
cage than a simple one. This was
particularly so during the day, when rats
apparently preferred to rest in the complex
cage which probably offered more hiding
places. At night, more time was spent in
exploring both cages. It has been
recommended that preference testing be
carried out over at least a 24-h cycle (Blom
et a1. 1993). This should also ensure that
differences in preference during the dark
and the light period are observed. Rats and
mice tend to explore a novel environment
and so their initial choice may be for an
unfamiliar cage (Hughes 1975). However,
preferences may change with time (Will et
a1. 1979) and this is another reason for
extending the preference test over 24 h.
The choice which an animal makes is
also likely to be affected by its previous
experience (e.g. Dawkins 1977). Therefore
it was necessary to carry out preference
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testing on rats which had been reared
either on solid or on grid floors.
Any preference test should require some
effort on the part of the test animal. The
greater the cost of choosing an option, the
greater is the importance of the choice to
the animal (Dawkins 1990j Broom &.
Johnson 1993). The preference test
described here required a limited amount of
locomotion for the animal to make a
choice. In further studies to be reported,
the animal was required to make a greater
effort before it could reach the floor of its
choice.
Materials and methods
Animals and housing
Sixty-four male weanling Sprague-Dawley
rats 1 weighing between 85 and 146g, were
randomly distributed in pairs in
polypropylene cages measuring
56 x 38 x 20 cm2. Half of the rats were
placed into cages with solid floors and

sawdust bedding3 (Group S) and the other
half into cages with stainless steel grid
floors (wire diameter 1.9 mmi mesh size
7.5 mm x 7.5 mm) suspended over trays
(Group G). The same type of sawdust
bedding was placed in the trays for rats in
Group G in order that all rats had olfactory
experience of this substrate. Eight rats were
also purchased for use in pilot preference
studies and housed in pairs, 4 on grid floors
and the other 4 in pairs on solid floors.
The animals were kept under barrier
conditions with ventilation under positive
pressure. They were fed ad lib on a
complete expanded diet4 and mains water
was available ad lib from water bottles. .
Temperature and humidity were fully
controlled at 21°C ± 2 and 50% ± 10. The
light: dark period was 12h: 12h, with
lVirus antibody free CRl: CD BR rats. Charles
River UK Ltd, Margate, Kent
2RC2 cage. North Kent Plastic Cages Ltd, Erith,
Kent
3Goldchip sawdust. Special Diets Services Ltd,
Witham, Essex
4R&Ml SQC(E). Special Diets Services Ltd,
Witham, Essex
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lights on at 03:00 h and off at 15:00 h. This
time schedule was convenient to the
experimenters because the rats could be
placed into the preference systems shortly
before lights out and be observed from
outside the room for a period thereafter.
The light intensity was 100 lux in the
main part of the room. This is lower than
is conventional because pilot preference
tests show.ed that when the rats were in
the preference cages in a room with a light
intensity of approximately 350 lux, they
spent most of the light period hiding under
the food hoppers. During the dark period, a
dim red light (2 lux at 'rat level') was
illuminated, enabling video recording.
The solid-floored cages were cleaned out
twice a week and the trays under the gridfloored cages were cleaned at the same
time. The rats were transferred into clean
cages every 2 weeks. When cages and trays
were cleaned, all of the rats were removed
from their cages, briefly handled and placed
into a plastic bucket before being returned
to their cages. Thus they all received the
same amount of handling twice a week.
Food and water consumption
Food and water consumption in each cage
were measured weekly by weight and rats
were individually weighed at weekly
intervals, from one week after arrival. The
same electronic balancel was used for
weighing animals, food hoppers and water
. bottles.
Home cage behaviour
Behaviour was recorded in 16 cages, 8
selected at random from each group. It was
only possible to view 8 cages at anyone
time so the recordings were made on 2
separate occasions, 2 weeks apart (at this
time, the rats were aged 18 to 20 weeks).

Table 1 Categories
rat. (Modified
after
Draper (1967))
Behavioural
category
Rest
Walk
Rear
Explore
Dominate
Submit
Feed, drink
Groom
Dig

of behaviour in the laboratory
Grant & Mackintosh
(1963) and

Description
Remain immobile in a 'relaxed' posture
Take several steps quickly across the
cage
Pause in an upright posture, with the
forelegs off the ground
Take a few slow steps, pause and sniff
the cage environment
Stand on hindlegs over rat in submission
Lie flat on back with ventral surface
exposed to other rat
Take food or water into mouth
Movements of the mouth or feet over
the body
Scoop or scratch sawdust with forefeet

before video recording began. Recording2 in
real time was carried out for 3 h on 4
consecutive nights. By advancing the time
recorded by 3 h each day, it was possible to
obtain a representative sample of the whole
12 h dark period. No recordings were
carried out during the light period since
rats are generally inactive at this time. The
video recordings were analysed by
instantaneous scanning of each cage every
10 min. The behaviour of all rats was
recorded at these times, following the
descriptions of behavioural elements in the
laboratory rat by Grant & Mackintosh
(1963) and Draper (1967) (Table 1). The
behaviour of each rat was recorded at every
observation point but data for individual
rats were not analysed separately since
there were interactions between cage
mates.
Response to handling
Twelve rats, 6 from each group were

Four cages from each group were placed on

selected to be scored for ease of handling;

the floor and a video camera was mounted
overhead. The rats were allowed at least
8 h to habituate to the new cage position

the identity numbers of these rats were
chosen at random before testing. Each rat
was removed from its cage by a technician
familiar to the rats, and was placed into a

IOhaus GT 8000. Ohaus Scale Corp. Florham
Park, NJ, USA. Tested at each weighing using
5 g and 1500g weights. Serviced and calibrated
annually.

2Usinga Pulnix Tm 526 video camera and
Mitsubishi HS 5300-Evideo recorder, in infrared light.
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Table 2 'Docility score' used to describe the ease
with which rats could be handled
'Docility
score'
1
2

3
4
5

Description
Impossible to handle without being bitten
Nervous and showing some attempt to bite
Slightly nervous, requiring gentle
restraint, but no attempt to bite
Easy to handle, with no sign of nervousness. Easily restrained
Very easy to handle. No need for restraint

plastic bucket. This was then handed to an
observer who was not involved with the
study and who was unable to see from
which cage the rat had been taken. The
observer lifted the rat out of the bucket,
briefly handled it and returned it to the
bucket. She was asked to score each rat on
a scale of 1 to 5, 1 representing an animal
which was very difficult to handle and 5
representing one which was very easy to
handle (see Table 2.).This experiment was
repeated on 2.further occasions at monthly

Fig 1 Preference testing system consisting
joined by a perspex tube

intervals, a selection of rats being made at
random on each occasion. Thus a total of
36 rats was tested in this way.
Preference testing
The rats were allowed 6 weeks to
acclimatize before this type of testing
began. A preference system was devised
which consisted of 2.cages, identical to
those in which the rats were housed, one
of which had a solid floor with sawdust
bedding and the other which had a grid
floored Hoar with sawdust placed in the
tray under the cage. The two cages were
joined together by means of a perspex tube,
6 em long and 6.5 em in internal diameter
(see Fig 1). Four identical preference
systems were used in each trial and they
were placed on the floor in parallel with
solid-Hoored and grid-floored cages
alternating. This was done to minimize
possible confounding effects if the rats
preferred one side of the room or the other.
It also has to be borne in mind that the
cages were placed rather close to the video

of a grid-floored

cage (left) and a solid-floored
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Fig 2 Preference testing systems separated by solid boards. Video camera suspended overhead. Infrared light source in far left hand corner. Video monitor and recorder on trolley to right of cages

recorder and monitor, so that ultrasound
from this equipment might have been

preference testing. Trials started one hour
before the dark period and continued for

audible to the rats (Sales et al. 1989). Such

24 h. During this time the rats' behaviour

sounds could also affect the choice of cage
in which the rats preferred to dwell.
Each system was separated from the next
and from the rest of the room by solid
wooden boards 30 cm high (see Fig 2), so
that the rats had no visual contact with
each other and only minimal auditory and
olfactory contact.

was monitored by video camera with timelapse recording and the use of infra-red
illumination allowed video-recording
throughout the light-dark cycle. On
viewing the video recordings, each rat was
observed every IS min and its position in
the test system and whether it was active
or resting was noted.

Pilot studies showed that when tested in
pairs, the rats competed for resting sites,
often leading to displacement of the
subordinate rat whose preference could not
therefore be realistically measured.
Preference studies were therefore carried
out on individuals and each rat was
randomly allocated to start the trial in
either the grid-floored or the solid-floored
cage, a total of 32 116from Group G and
16 from Group SJ rats being tested. Rats
were selected in random order for

The food and water supplied to each cage
in the test system was weighed before and
after each preference trial and food and
water consumptions in both cages were
calculated. The same electronic balance as
referred to previously was used for
weighing food hoppers and water bottles.

Statistical analysis
The increase in body weight during Weeks
I to 14 was calculated for each of the rats
in groups Sand G. The mean food
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consumption per rat across the 14 week
period was calculated for each cage within
the 2 groups and the same calculation was
carried out for water consumption. Data on
food consumption, water consumption and
weight gain for the 2 groups were then
analysed using F-tests within the analysis
of variance.
Following analysis of the video tapes the
total number of observations of each
behavioural element in each cage was
calculated and the resulting data for all
behavioural elements were analysed by
means of Mann-Whitney U tests.
For the analysis of preference tests, the
total numbers of times rats were observed
resting or active in each cage was
calculated. The resulting data were
analysed by means of an analysis of
variance to determine whether there were
differences in the time spent active and the
time spent inactive in each cage for each
group of rats. Food and water
consumptions in the solid-floored cage and
the grid-floored cage of each test system
were calculated. The consumptions of each
group of rats in each type of cage was
analysed using an analysis of variance.

Results
Food consumption, water consumption
and weight gain
Food consumption was slightly higher in
the animals housed in the grid-floored
cages with a mean difference [P=O.031) in
food consumption of 18.2g per animal per
week, and the 95% confidence interval
indicating that the difference is likely to be
between 1.2 and 24.4 g (see Fig 3). It was
considered that the reason for this
difference could be that there is more
wastage of food in the grid-floored cages,
because of pieces of food being dropped
through the gaps in the grid floors. Food
scatter in the trays under all grid cages was
therefore collected over a period of one
week and the mean food wastage per rat
was found to be 28.5 ± 7.5 g. Scattered food
in solid floored cages was mixed in with
the sawdust and could not therefore be
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Fig 3 Mean weekly food consumptions of rats
housed on grid floors (Group G) or solid floors
(Group S)

measured; however the amount was
observed to be minimal. It therefore
appeared likely that wastage of food in the
grid-floored cages would have accounted for
the apparently greater food consumption by
rats housed in these cages. No significant
difference in water consumption was found
between the 2 groups. Neither were any
significant differences found in body weight
gain which could be attributed to flooring.

Homecage behaviour
The behavioural elements (see Table 1)
observed in the rats were the same for both
groups except that the category 'dig' could
not be carried out in the grid-floored cages
and was observed only once in a cage with
a solid floor. A total of 144 observations
(6x 12 h x 2 animals) was made of each
cage and on each instantaneous scan, a
record was made of the behavioural
element being performed. Since 8 cages
from Group Sand 8 from Group G were
studied, the total number of observations
of each group numbered 1152. There were
no significant differences between the 2
groups in the frequency of the various
behavioural elements (see Table 3).
However, feeding was observed more
frequently in the solid-floored cages and
this approached significance at 5%
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Table 3 Frequency of behavioural
categories
observed in rats housed on solid or grid floors
Table 1 for definitions
of behaviour)

(see

Behaviour

Group G

Group S

Rest
Walk
Rear
Explore
Dominate/submit
Feed
Drink
Groom
Dig

618
48
110
283
36
29
5
23
0

600
33
122
282
34
57
5
18
1

(P=O.052). Although it was anticipated
that rats housed with sawdust bedding
might spend time digging, this behaviour
was only recorded once in Group S rats.

Ease of handling
All the rats tested in this way were allotted
a score of between 3 and 5 inclusive,
indicating that they were considered to
be between average and very easy to
handle. The summed scores of rats kept on
solid floors and those kept on grid floors
were identical, thus providing no evidence
that flooring per se had any effect upon
docility.
Preference testing

both cages. Recording of preferences for
each rat began at least 15min after both
cages had been entered. There was no
evidence that the rats were aware of rats in
other cages and movements of rats in
adjacent test systems were not
synchronized. Frequently only one or 2 rats
were observed to be active while the others
were resting. No preference was seen for
one side of the room or the otherj thus the
rats also showed no preference to be close
to or distant from ultrasounds which may
have been emitted by the video recording
equipment.
Activity, in the form of frequent
journeys from one cage to the other as well
as exploration of both cages, continued
from the start of the test until lightson although rests of up to 3 h often
occurred during the dark period. When the
light period began, the rats rapidly
sought a place to rest. They then remained
still except for an occasional foray to
feed.
As shown in Table 4, the preferred
resting place was usually the solid-floored
cage. This was preferred both for the long
rest during the light period and for short
rests taken during. the dark period. Many of
the rats from both groups were found to
rest in the solid-floored cage during all our
observations,

After 10 to 15minutes' exploration of the
cage in which they had first been placed,
the rats passed through the perspex tube
into the second cage. This was usually
followed by rapid passages through the tube
in each direction, allowing exploration of

although 2 of the rats in

Group G were observed more frequently
resting on a grid floor Isee Fig4). During
active periods, the preference shown by
rats for the solid floor was much less
marked than that observed when the rats
were resting.

Table 4 Mean percentages and 95% confidence intervals of times rats were observed on solid floors
compared with grid floors (Group 5: reared on solid floors. Group G: reared on grid floors)
Group S

Group G

Both groups

(n= 16)

(n=16)

(n=32)

95.5*
83.7, 100

80.6*
68.8,92.4

88.0*
79.4, 96.6

Mean % times active on solid floor

55.4*

Corresponding

50.5, 60.3

55.5*
50.6,60.4

55.4*
52.0,58.8

81.9*
73.8,90.0

72.2*
64.1,80.3

77.1*
71.2,83.0

Mean % times resting on solid floor
Corresponding

95% confidence

95% confidence

interval

interval

Mean % times observed on solid floor
Corresponding

95% confidence

interval

*indicates all preferences for solid floors are significant (P< 0.05) using analysis of variance
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Fig 4 Distribution
of times rats observed to rest
on a solid floor as compared with a grid floor
(Group G. reared on a grid floor) and (Group S.
reared on a solid floor)

There was no significant difference
between the preferences of rats from Group
G and Group S for dwelling on the solid
floor, showing that previous experience of
floor type did not have a marked effect on
this measure. It was therefore possible to
pool the data on preferences for the solid
floor in all the rats during activity,
inactivity and total time [P<O.05).
Measurement of food and water
consumption on each side of the preference
system indicated that rats consumed more
food in the cage which had the same type
of floor as their home cage but both groups
consumed more water in the grid-floored
cages (Table 5) (P<O.05).

Table 5

& Broom

Discussion

12

e'"

Morris

Mean food

preference

testing

and water

intakes

Rats from
Group S

Rats from
Group G

Mean food
intake
Mean water

in the

systems

Solid
cage

Grid
cage

Solid
cage

Grid
cage

II.S g"

20.6 gb

24.4 gC

6.6gd

17.3 ml"

23.3 mlb

17.3 ml"

21.8 mlb

intake
Superscripts a and b. c and d respectively indicate values
which are significantly different (P< 0.05) from each other

Preference testing showed that in this
study, rats preferred to dwell in cages with
solid floors rather than grid floors. There
was a marked difference in the preference
for the solid floor, depending upon whether
the rats were active or resting. Rats were
only observed slightly more frequently on
solid than grid floors during active time, so
apparently the rats were not averse to
being active on grid floors. Relevant to this
is the fact that rats observed in solidfloored home cages showed similar types
and frequencies of activity to those housed
in grid-floored home cages.
The rats were much more likely to
choose a solid floor when resting. Since the
rats apparently spent a relatively large
proportion of their time resting,
approximately 70-75%, then the
availability of a floor type on which they
prefer to rest is very likely to enhance their
comfort and improve their welfare.
However, firm conclusions on the
importance of housing rats on solid floors
cannot be drawn without recourse to a
study showing the strength of preference
for a solid floor. A study in which rats
were required to lift a weighted barrier in
order to reach a solid floor will be
described in a further paper (Manser et ai.
submitted) .
An examination of the data in the
preference study shows that rats were
observed on the solid floor on 77.1 % of
total occasions. This finding was similar to
that recorded by Blom and colleagues
(unpublished data), who gave rats a choice
between solid and grid flooring but did not
observe the animals during testing. It is
therefore not known whether the rats in
their study also showed different floor
preferences according to their activity. A
similar overall preference for a solid floor
was shown by Syrian hamsters
(MesocIOcetus auratus) which were
observed during 70% of their time on the
former rather than on a wire-mesh floor
(Arnold & Gillaspy 1994).
Measurement of food and water
consumption on each side of the preference
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system showed that rats preferred to eat in
the cage which had the same type of floor
as their home cage. This was possibly
because the rats felt relatively safe on a
familiar type of floor. Water consumption,
on the other hand, was slightly higher in
the grid floors for animals from both
Groups G and S and it is not clear why
this should be. However, the rats were
frequently observed to run into the gridfloored cage after resting on the solid floor
and it is possible that they might tend to
drink at this time, soon after waking.
In this study, preferences for only 2 types
of floor were tested and these were solid
plastic with sawdust bedding and metal
grids respectively. Further studies might
have elucidated whether the rats preferred
the solid floor per se, whether they
preferred the presence to the absence of
bedding material or whether they preferred
the plastic to the metal substrate. One
possible reason why the rats did prefer the
cages with solid floors might be that a
plastic floor with bedding would be better
insulated and therefore warmer than a
metal grid and this could explain why the
rats were particularly likely to choose the
solid floor for resting. Studies of thermal
preferences in laboratory rats have shown
that they select higher temperatures during
the light (resting) than during the dark
[active) period (Gordon 1993). Another
possible reason for the preference could be
that a solid floor offers more support to a
recumbent rat than a grid floor.
No differences were found between rats
housed on grid or solid floors in body weight
gain, food consumption or water consumption.
Within the limitations of these simple
parameters, there was no evidence to
indicate that keeping rats on grid floors for
up to 5 months is likely to be deleterious
to their health. It is possible, however, that
a longer study might have yielded some
differences in these parameters, particularly
if the rats had been kept into old age when
problems with sore feet might have developed.
No statistically significant differences were
recorded in the behaviour of rats housed on
grid or solid floors. Rats on solid floors
were observed feeding more frequently and

this difference approached significance.
This finding was surprising in view of the
fact that food consumption was lower in
this group of rats. However, a possible
explanation could be that rats in this group
fed more frequently, but consumed less at
each feeding bout, than rats housed on grid
floors. This difference might be related to
an overall higher activity level in the rats
on solid floors. It is also possible that the
discontinuous method of scoring behaviour
may have underestimated feeding frequency
as well as the frequency of digging, which
may have been of short duration.
The study also revealed no effect of
flooring on the docility of rats which are
handled in a standard way. Possibly
difficulties in handling rats on grid floors
are related to the fact that these rats are
normally handled only once every 2 weeks
when their cages are changed. They are
thus less accustomed to handling than rats
housed in solid-floored cages which are
handled twice a week when their cages are
cleaned. The results suggest that briefly
handling rats twice a week is sufficiently
frequent to produce docile animals.
Situations where rats are difficult to handle
are likely to be stressful both for handlers
and for rats and should be avoided if
possible. Thus the fact that rats kept on
solid floors are likely to be handled more
frequently than those on grid floors is
another advantage of this type of housing.
On balance, the evidence from this study
points to the fact that housing rats on solid
plastic floors with bedding rather than
metal grid floors is likely to be beneficial
to their welfare. It is therefore
recommended that rats be housed in this
way whenever there is no compelling
reason to use grid floors.
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