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SUMMARY

This experiment was carried out to
study the effects of cages enrichment on
agomistic interaction and dominance of newly
weaned male laboratory rats using multiple
items in the cage. In a series of three replicates,
72 rats were housed in groups of four in either
‘standard’ or ‘enriched’ cages for six weeks.
Successful aggressive and defensive behaviour
that ended up in a clear winner and loser were
sampled in the first hour of the dark phase of
the light/dark cycle in the first week and every
other week thereafter. Results revealed that

rats in the ‘enriched’ cages showed lower
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levels of both successful aggressive and
successfut defensive bouts compared to rats in
the ‘standard’ cages. Results importantly
demonstrated that enriching cages of
laboratory rat does not change the social order
of the animals experiencing it and that the
order is almost linear. Thus, enriching
conventional Iéboratory cages can ameliorate
behavioural deficits stimulated by prolonged
housing in standard cages such as frustrated
social strategies and excessive agonistic
behaviour and might therefore improve the

welfare of laboratory rats.

Agonistic interaction, Dominance score.
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INTRODUCTION

Experiments on laboratory rodents
have demonstrated wide effects of
environmental modifications, including
physiological (Belz et al., 2003; Chamove,
1989; Roy et al, 2001), psychological
(Chamove, 1989; Patterson-Kane et al,
1999), developmental (Davenport et al,
1976) and therapeutic effects (Hockly et al.,
2002, Passineau et al., 2001).

Rescarch has also elucidated
behavioural benefits from being housed in
enriched environments (Armstrong et al,,
1998; Chamove 1989; Orok-Edem and Key
1994; Van Loo et al., 2002). An important
behaviour in  group-housed laboratory
amimals is agonistic behaviour. Damaging
soctal behaviour between conspecifics, such
as excessive agonistic behaviour, is a
common problem related to housing male
laboratory rodents in captivity (e.g. Hurst et
al., 1999; Van Loo et al., 2002), teading to
physical damage and associated social stress
and poor welfare (e.g. Hurst et al., 1996;
1999).

There is a conflict between the
results of experiments investigating the
effects of environmental enrichment on
agonistic interaction of laboratory rodents.
Some experiments reported that the addition
of environmental enrichment  can,
sometimes, reduce excessive aggression

between rodents kept under standard

264 Vet. Med. 1., Giza. Vol. 57, Ne.3. (2009)

unenriched housing conditions (Armstrong
et al.,, 1998; Chamove, 1989; Orok-Edem
and Key, 1994; Van Loo et al, 2002).
However, in contrast to these findings, there
are data that also reported an increase in
agonistic  behaviour between animals
(particularly mice) housed in groups in
“enriched” housing conditions (Haemisch
and QGartner, 1997; Haemisch et al,, 1994,
McGregor and Ayling, 1999; Nevison et al.,
1999), either due to the encouragement of
territorial behaviour or due to exposure of
vulnerable body parts such as tails to biting
wounds.

When social animals are housed
together, a form of dominance order
emerges as a result of the interaction
between them. That social interaction
between animals discharges a dominant and
subordinate animal(s). It has been shown
that the dominant animal is the one that has
the priority in gaining access to the valued
resources or who supplants its opponent and
remove it away when they meet (e.g. Berdoy
et al., 1995; Hurst et al., 1996).

Despite that clear way of assigning
dominance within group housed animals,
other methods have also been used in
experimental work. One extensively used
method is the outcome of the agonistic
interaction between two animals. Takahashi

(1986), described dominant rat as the one



shows more offensive  (aggressive)
behaviour such as on- top, lateral display
and biting, while the rat shows few or no
offensive behaviour as a subordinate. It was
also defined that a dominant rat in a colony
is the male that never loses whilst the
subordinate is the rat that last shows
defensive behaviour at the end of social
confrontation (Fokkema et al., 1995).

Despite the fact that a very large
number of research has been carried out to
investigate the effect of environmental
entichment in laboratory rodents, nearly
none of these research has considered
whether environmental enrichment changes
dominance order of animals within the cage
or not. Changing the dominance order of a
stable group of rats has been shown to be
stressful (e.g. Burman et al., 2008).

This experiment was therefore
carried out to investigate the effects of cage
enrichment on agonistic interaction of rats
using multiple items in the cage. Another
aim of the experiment was to investigate
whether enriching cages of laboratory rats
affects the form of the dominance order

within the cage.

MATERIALS AND METHODS

1. Animals and housing:
This experiment was carried out in the
experimental animal unit, Department of

Clinical Veterinary Sciences, University of
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Bristol, UK, using three batches of rats.
Within each batch the two experimental
treatments used were replicated twice, Each
batch comprised twenty-four outbred newly
weaned male Wistar rats.

The rats were six weeks of age on
arrival, and were randomly allocated, in
groups of 6, in four large metal cages with
sawdust as a bedding material till the start of
the experiment. A pellet food and tap water
were provided ad-libitum. Rats were
maintained under an artificial 12:12 h
light:dark cycle, with white light on between
1200 hr and 2400 hr and a continuous dim red
lighting (two 60 watt bulbs) to facilitate dark
phase observation, at a temperature of 2042
°C.

Cages were checked daily and were
cleaned out on a weekly basis. The fur of each
rat was marked with hair dye in one of four
different patterns on the day of arrival. These
marks were refreshed after three weeks,
allowing sufficient time after dyeing before
behavioural observation to reduce any possible
effects of the dyeing process on behaviour
(e.g. Hurst et al, 1999). Tails were also
marked, in one of eight distinguishable
manners, with a permanent marker pen to
provide an additional means of identification

{(Burman et al., 2008). Tail marks were

renewed every week.
2, Experimental design:
Rats were allocated to one of two

housing systems for six consecutive weeks:

265



1- “Standard”; polypropylene cages (48.5 cm
length x 33 cm width x 21 em  height)
without any additional cages structures.

2- “Enriched”™ standard cages that were
supplied with a number of additional cage
structures such as gnawing objects (aspen
wood blocks, wood ball and nylabones),
shelter (rodent retreat), devices for climbing
(ladder and ropes) and other objects to
stimulate general activity and gnawing such as
crawl balls and wood balls. The description of
these additional cage structures and the

frequency of their provision is presented in
Table 1. In addition to the cage enrichment,
foraging opportunities were also increased.
This was done by mixing four intact food
pellets, and four pellets that had been broken
into numerous small pieces with the bedding
material after the cages were cleaned every
week. Foraging devices have been shown to
be an effective way of enriching laboratory rat
cages (e.g. Johnson et al., 2004).

Table 1: Description of the additional structures used to enrich the cages.

Structure Numl.)er Provision and renewal Description
supplied
Throughout the experiment,
Shredded paper | Handful renewed every week.
Throughout the experiment, 5 cm x 5 e¢m steritized cotion
Nestlets 4 renewed every week. fibre pads.
Aspen wood 1 Throughout the experiment, 34 mm x 70 mm long aspen
block renewed every week. wood block.
Throughout the experiment, 205emL x15.7ecm W x 11.5
Rodent retreat 1 reintroduced uncleaned to the cm H Guinea pig huts, red-
(shelter) .
cage. tinted.
Throughout the experiment,
Percher 1 reintroduced uncleaned to the Fure cotton rope and_natural
wood, Percher Spider.
cage.
Crawl ball 1 For one week on!y throughout the { 115 mm, with 3 x 58 mm holes,
experiment. red-tinted polycarbonate.
For one week only throughout the 60 cm length of 1.5 cm
Rope 1 . .
experiment. diameter hemp rope.
Nylabone 1 For one week on_ly throughout the | Regular size, original flavour,
experiment. (36g), Nylabone.
Ladder 1 For one week on!y throughout the 9 step wooden ladder 35.5 cm,
experiment.
Wood ball 1 For one week on}y throughout the | Roll ‘N’ chew (srr_lall), natural
experiment. wood 9 cm diameter.
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3. Behavioural observation:

All behavioural
carried out by the same experienced researcher
throughout the study. The observer entered the

observations were

experimental room at least five minutes before
the scheduled start time of the observation to
allow the rats to habituate to his presence (e.g.
Hurst et al., 1999). Behaviour sampling, or
conspicuous behaviour recording, was used to
record each occurrence of a complete
aggressive and defensive bout between dyads of
rats in each experimental group. All aggressive
bouts that ended up with a clear winner
(dominant ‘over’ position) and loser
(submissive ‘on-back-posture’ position) were
recorded with the identity of the rat. A rat was
identified as a winner when it ended the
confrontation adopting the dominant over
position (an animal stands with its forepaws or
all paws over its opponent who adopts the
submissive on-back-posture, lies on its back and
exposes the ventral surface of the body)
according to  (Baenninger, 1967; Meaney and
Stewart, 1981; Panksepp, 1981; Takahashi,
1986). This form of behaviour was chosen
because it is easily measured (Panksepp, 1981),
and represents the clear end point of aggressive
encounters between rats in a laboratory
situation.

Behaviour sampling was carried out,
using a check sheet, in one session for the first

hour of the dark phase (1200 hr to 1300 hr) for
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three weeks throughout the experimental time.
It started from the first week and continued
every other week (1%, 39 and the 5"
observation week) because other data were
being collected from the rats in the other weeks

(2™, 4™ and 6™ week of the housing period).

4, Statistical analysis:

SPSS (version 12.0 for windows) was
used for all statistical analyses. Data were
checked for normality and homogeneity of
variances to test for the suitability of using
parametric tests. All data met assumptions of
parametric statistics (normality, homogeneity of
variance, linearity) (Fowler and Cohen, 1990).

Differences between the two housing
systems in the frequency of successful
aggressive and successful defensive bouts were
tested using an independent r-test. Data are
presented as estimated marginal means (EMM)
+ SE. For each housing system correlations
between the total frequencies of successful
aggressive and successful defensive bouts in
each observation week and over the entire
experimental period were measured using
Pearson correlation test. To determine the form
of social dominance of laboratory rat, a further
correlation between successful aggressive and
successful defensive bouts in each observation
week and over the entire experimental period
was done using a Partial correlation technique
controlling for the effect of housing system and

replicate.
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RESULTS

1. Differences between housing systems:

As shown in figure 1, there was a significant
effect to the housing system on the frequency of
successful aggressive bouts. Rats housed in the
unenriched systems were found to be more

frequently involved in successful aggressive

|

bouts (tip = 4.46, P<0.001) as compared to
those housed in the enriched systems. Similarly,
as shown in figure 2, rats of unenriched systems
were found to be more frequently involved in
successful defensive bouts (19 = 3.82, P<0.001)
as compared to those housed in the enriched

systems.

aggressive bouts

Average frequancy of successtul

Enriched

Unenriched

Figure 1: EMM = SE ‘Average frequency of successful
aggressive bouts” by the rats in the two housing systems,

*rk P <0.001
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Figure 2: EMM + SE ‘“Average frequency of
successful defensive bouts’ by the rats in the two
housing systems, *** P <{),001
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2. Effects of housing systems on dominance
and its stability over time:

For the enriched housing system, both total
frequency of successful aggressive bouts and
in the first

observation week correlated positively with

successful defensive bouts

those of the third observation week and with

the total frequency of successful aggressive and
defensive bouts of the entire experimental
period (Table 2 and 3). All of these findings
were similarly evident when data of the
unenriched housing system was analysed on its

own,

Table 2: Pearson correlation coefficient of
successful aggressive bouts over observation
weeks and the entire experimental period.

Agl | Agd | Ag5 | AgT
Agl 1 NS | 032" | 0447
Ag3 NS 1 0.48 {0.65
Ag5 | 0327 | 048 I {063
AgT | 044" | 065 {063 | 1
Ag= Successful aggressive bouts.
1,2,3=1% 3% and 5% observation week.
T= Entire experimental period.
*P <0.05 ** P <0.01

NS = non significant

Vet. Med. J., Giza. Vol. 57, No.3. (2009)
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Table 3: Pearson correlation coefficient of
successful defensive bouts over observation
weeks and the entire experimental period.

Dil | D3 | DS | DIT
Dfl 1 NS | 047 | 049
Df3 | NS i 0.44" [ 0.65
Dfs | 047 | 044" 1 0.62"
DIT | 049" | 0.65 | 0.62" 1

D= Successful defensive bouts.

1,2,3=1% 3" and 5* observation week.
T= Entire experimental period.
** P <0.01

* P <0.05

NS = non significant

As shown in table 4 and 5, results of the

partial correlation technique were also the
same. Regardless the treatment and replicate,
there were positive correlations between the

total frequencies of both successful aggressive

and successful defensive bouts of the first
observation week and those of the

observation week and the entire experimental

period

Table 4: Partial correlation coefficient () of
successful aggressive bouts over observation
weeks and the entire experimental period.

Agl Ag3 Ags AgT

Partial r Partial r Partial r Partial r
Agl 1 N§ 0.35° 067"
Ag3 NS ] 0.39" 0.50™"
Ags 0.35" 0.39" 1 0.5t
AgT | o067 0.50™" 0.51™ 1
Ag= Successful aggressive bouts.
1,2, 3= 1% 3" and 5% observation week.
T= Entire experimental period.
+P <0.05 ** P <0.01 *+x P <0.001

NS = non sienificant
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Table 5: Partial correlation coefficient (#) of
successful defensive bouts over observation
weeks and the entire experimental period.

Dfl Df3 Df5 DIT
Partial r | Partial r | Partial r | Partial r

Df1 1 NS 041" 0.66
Df3 NS 0.44" 0.49
DS | 041 | 044 1 0.71
DIT | 0.66 | 049 | 071 1

Df= Successful defensive bouts.

1, 2,3 = 1, 39 and 5® observation week.

T= Entire experimental period.

* P <0.05 ** P <001 *+x P <0001

NS = non significant

DISCUSSION

The results of this
demonstrated that prolonged housing of rats

experiment

in enriched cages greatly decreased their
agonistic activities. One possibility is that in
unenriched cages, due to the lack of any
physical structures, rats themselves may be a
more prominent focus of their cage-mates’
attention, and therefore attract relatively
more and

non-aggressive aggressive

interaction. Non-aggressivs social
investigation has previously been reported to
promote aggressive responses (e.g. Robitaille
and Bovet, 1976). The lack of cage structures
may also simply increase the chance that two

rats come into direct contact with each other.

Vet. Med. J., Giza. Vol. 57, No.3. (2009)

Close proximity of animals was reported to
increase aggression in mice (Van Loo et al,,
2001), and the haphazard

collision of two running rats might
also induce an aggressive response (e.g.
Robitaille and Bovet, 1976). The provision of
additional structures such as a shelter,
bedding and nesting materials and crawling
balls into enriched cages may also have
provided rats with an increased opportunity
to escape aggressive attacks by cage mates,
whercas in unenriched cages, retreat may
have been less easy to achieve, due to the
lack of suitable sheiters and refuges, resulting

in a frustrated escape response (Hurst et al.,
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1999). The ability to escape an attacker in
enriched cages may have resulted in fewer
decisive aggressive encounters whereas in
unenriched cages, where escape may have
been more difficult, loser rats may have
ended up adopting the submissive posture
more frequently, resulting in the dominant
likely embarking in a bout of aggressive
grooming (Hurst et al., 1999).

The reduction of agonistic behaviours
in enriched conditions may also have been
due to the nature of the husbandry probedures
used in this experiment, cage cleaning in
particular. Cages of all rats were cleaned out
completely once a week. Whilst this process
was cartied out in exactly the same way for
both housing types, it involved returning
some of the enrichment items such as the
shelter, uncleaned. The re-introduction of
these items to the enriched cages may have
imposed some level of familiarity to the
environment (by providing familiar olfactory
and visual cues), which may in turn have
reduced agonistic interaction between rats in
these cages. It has been shown in laboratory
mice that incomplete cage cleaning regimes
that allow retention of some uncleaned
objects (e.g. nesting but not bedding
materials) decreased inter-male aggression
(Van Loo et al., 2000).

Orok-Edem and Key (1994)
demonstrated that provision of some
chewable items, such as gnawing blocks and

wooden tongue depressors to the cages of
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laboratory rats, reduced the frequency of
fighting, although the study only lasted 5
days and any novelty effects may not have
worn off in this time. It is possible that
allowing the animals to exert simple control
over the environment (e.g. by providing
objects that can promote the expression of
species-specific  behaviours such  as
gnawing), motivation for  agonistic
interactions may decrease.

Reduced aggressive encounters and
subsequent improvement in welfare, between
members of group-housed animals in
enriched conditions, have also been reported
in pigs (O’Connell and Beattie, 1999), laying
hens (Gvaryahu et al, 1994), captive
primates (Kitchen and Martin, 1996) and
mice (Armstrong et al., 1998; Van Loo et al,,
2002, 2003). In contrast, other experiments
have reported an increase in agonistic
behaviours, particularly in enriched-housed
mice (Haemisch and Gartner, 1997,
Haemisch et al., 1994; Van Loo et al., 2002).
The increase of agonistic behaviours in
enriched cages was interpreted as to be due to
either close proximity and exposure of parts
of the body that are vulnerable for biting,
such as tails (Van Loo et al, 2002), or
stimulation  of behaviour

(Haemisch and Gartner, 1997; Haemisch et

territorial

al., 1994). This increased aggression in
enriched environments appears to be a
species difference in response to the housing

environment, with male laboratory mice



Table 5: Partial correlation coefficient (r) of
successful defensive bouts over observation

weeks and the entire experimental period.

Dfl Df3 Df5 DIT
Partial r | Partial r | Partial r | Partial r
Dft I NS 041 0.66
Df3 NS 1 0.44" 049
Dfs | 0417 | 044 1 0.71 "
DIT | 066~ | 049 | 071 1
D= Successful defensive bouts.
1,2,3=1% 3" and 5® observation week.
T= Entire experimental period.
* P <0.05 #% P <001 *+% P <(,001

NS = non significant

DISCUSSION

of this
demonstrated that prolonged housing of rats

The results experiment
in enriched cages greatly decreased their
agonistic activities. One possibility is that in
unenriched cages, due to the lack of any
physical structures, rats themselves may be a
more prominent focus of their cage-mates’
attention, and therefore attract relatively
more and

non-aggressive aggressive

interaction. Non-aggressivs social
investigation has previously been reported to
promote aggressive responses (e.g. Robitaille
and Bovet, 1976). The lack of cage structures
may also simply increase the chance that two

rats come into direct contact with each other.
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Close proximity of animals was reported to
increase aggression in mice (Van Loo et al,,
2001), and the haphazard

collision of two running rats might
also induce an aggressive response (e.g.
Robitaille and Bovet, 1976). The provision of
additional structures such as a shelter,
bedding and nesting materials and crawling
balls into enriched cages may also have
provided rats with an increased opportunity
to escape aggressive attacks by cage mates,
whereas in unenriched cages, retreat may
have been less easy to achieve, due to the
lack of suitable shelters and refuges, resulting

in a frustrated escape response (Hurst et al,,
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1999). The ability to escape an attacker in
enriched cages may have resulted in fewer
decisive aggressive encounters whereas in
unenriched cages, where escape may have
been more difficult, loser rats may have
ended up adopting the submissive posture
more frequently, resuiting in the dominant
likely embarking in a bout of aggressive
grooming (Hurst et al., 1999).

The reduction of agonistic behaviours
in enriched conditions may also have been
due to the nature of the husbandry procedures
used in this experiment, cage cleaning in
particular. Cages of all rats were cleaned out
completely once a week. Whilst this process
was carried out in exactly the same way for
both housing types, it involved returning
some of the enrichment items such as the
shelter, uncleaned. The re-introduction of
these items to the enriched cages may have
imposed some level of familiarity to the
environment (by providing familiar oifactory
and visual cues), which may in turm have
reduced agonistic interaction between rats in
these cages. It has been shown in laboratory
mice that incomplete cage cleaning regimes
that allow retention of some uncleaned
objects (e.g. nesting but not bedding
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fighting, although the study only lasted 5
days and any novelty effects may not have
wom off in this time. It is possible that
allowing the animals to exert simple contro}
over the environment {¢.g. by providing
objects that can promote the expression of
species-specific  behaviours such  as
gnawing), motivation for  agonistic
interactions may decrease.

Reduced aggressive encounters and
subsequent improvement in welfare, between
members of group-housed animals in
enriched conditions, have also been reported
in pigs (O°Connell and Beattie, 1999), laying
hens (Gvaryahu et al, 1994), captive
primates (Kitchen and Martin, 1996) and
mice (Armstrong et al,, 1998; Van Loo et al.,
2002, 2003). In contrast, other experiments
have reported an increase in agonistic
behaviours, particularly in enriched-housed
mice (Haemisch and Gartner, 1997,
Haemisch et al., 1994; Van Loo et al., 2002).
The increase of agonistic behaviours in
enriched cages was interpreted as to be due to
either close proximity and exposure of parts
of the body that are vulnerable for biting,
such as tails (Van Loo et al., 2002), or
stimulation  of

(Haemisch and Gartner, 1997; Haemisch et

territorial  behaviour
al., 1994). This increased aggression in
enriched environments appears to be a
species difference in response to the housing

environment, with male laboratory mice



being less socially tolerant than other species
(Gray and Hurst, 1995).

The results of the correlation test
showed that, in enriched cages, there were
significant positive correlations between the
frequency of both successful aggressive and
successful defensive bouts of rats over the
observation weeks and between them and
those of the total experimental period. The
correlation between total frequencies of
aggressive and defensive bouts of first and
third week was not significant. These results
were also evident for the rats in unenriched
cages. This means that there was always a
clear dominant and a clear subordinate
animal in each cage of the enriched cages. It
has previously been demonstrated that when
laboratory rats are housed in groups in
standard laboratory cages, they may behave
aggressively towards each other in order to
develop a stable social hierarchy and that it
takes almost two to three weeks to develop
(Stefanski, 2001; Stefanski et al., 2001). The
results of this experiment demonstrate
therefore that environmental enrichment,
despite decreasing the agonistic interaction in
laboratory cages, does not change dominance
order. This could be due to the fact that the
addition of physical items such as rodent
retreat, wooden balls and perchers to cages
may compartmentalize them into various
partitions which may in turn allow animals to
escape their conspecifics attacks and to mark

their territories. The lack of positive
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cotrelations  between  aggressive  and
defensive bouts of the first and third week
may reflect that the dominance order was not
yet formed and that it needs more than two
weeks to develop.

The results of the partial correlation
technique showed that there were also
positive correlations between successful
aggressive and successful defensive bouts
over the observation weeks, except for the
fist and third week, and between them and
those of the entire experimental period. This
means that repardless, the housing system
and replicate there was always a clear
dominant and a clear subordinate animal
within each cage. This finding is in
accordance with those of Baenninger (1966)
who reported that groups of rats (up to five
animals per cage), if kept in harmony and
undisturbed, can develop a stable form of
nearly linear social hierarchy post weaning
and over nine weeks time. The way that was
used in this experiment to assign dominance
score in laboratory rats appears therefore
reliable under different housing environment
of standard and enriched laboratory cages.

It can be concluded that environmental
enrichment may affect some key behaviours
of the laboratory rat such as agonistic
interaction. Prolonged housing of rats at
highly complex cages reduced their agonistic
interaction and, most importantly, produced
no change in the dominance order. Taking

these findings together, it appears that
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enhancing the complexity of cages of
laboratory rats by the particular cage
modification regimen implemented in this
experiment could be considered enrichment
and could therefore result in an improvement

of welfare in these animals.
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