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Abstract Animal Welfare 1999, 8: 361-379

‘Environmental enrichment’ is often considered to improve captive animal welfare.
However, some studies using male mice, Mus musculus, indicate that increasing cage
complexity increases aggression. Limited evidence suggests that enrichment differs in its
effects on behaviour and physiology between strains; but behaviour also differs between
strains in non-enriched environments. Differences in enrichment type, evaluation methods,
and strains used, have caused difficulty in interpreting the efficacy of environmental
enrichment in improving welfare. Using enrichment suitable for commercial laboratories
(nesting material and a Perspex tunnel), we compared within-cage behavioural and
physiological responses among males of six strains housed in non-enriched standard
polypropylene cages with those housed in ‘enriched’ cages. Outbred ICR(CD-1) and TO
mice, and inbred BALB/c mice were more aggressive than C57BL/6, CBA/Ca and DBA/2
mice, which exhibited low levels of aggression typical of most inbred strains. Enrichment did
not significantly affect aggression levels. Animals in enriched cages spent more time
investigating the internal cage environment, eating and drinking, and in stereotypic
behaviour patterns, although levels differed between strains. The greatest increase in
stereotypy levels (bar-related stereotypies) with enrichment was found in DBA/2 mice.
Higher testosterone levels were maintained over the study period in mice housed in enriched
cages, and in more aggressive strains. IgG levels were also higher in mice housed in
enriched cages, and in the outbred strains ICR(CD-1) and TO compared with inbred strains.
The relationship between aggression, testosterone and ‘enrichment’ suggests that increasing
complexity in laboratory cages may increase a naturally selected territorial response in
some strains. The implications for strain-specific welfare are discussed.
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Introduction

Laboratory mice are used worldwide in scientific research (Festing 1979). They are typically
housed in caging systems designed primarily for ease and economy of maintenance rather
than with a consideration for the behavioural requirements of the animals (Newberry 1995).
Recently, considerable effort has been made to find ways of improving the housing of
laboratory animals. Objects presumed to be of benefit to the inhabitants are often added to
increase complexity in captive environments, a process termed ‘environmental enrichment’.
Objects likely to appeal to the mouse are, or are functionally analogous to, those that are
found in its environment of evolutionary adaptation. To be widely implemented in
laboratories, enrichment must be easily incorporated into different husbandry regimes
(Scharmann 1991; Sherwin 1997), and the materials selected must be cost-effective
(Newberry 1995) and not interfere with the purpose of the studies in which they are
employed. Apart from its use in attempts to improve welfare, enrichment can be used
explicitly to examine learning and brain development (eg Manosevitz & Pryor [1975];
Wainwright et al [1994]).

Implicit in the term ‘enrichment’, is the assumption that modifications are beneficial from
the animals’ viewpoint — and do not simply cater for the anthropomorphic whims of the
caretakers (Newberry 1995). Testing this assumption can be far from straightforward. For
instance, some studies using mice have indicated that increasing the complexity of the
environment can alter social relationships and increase aggression (eg McGregor & Ayling
[1990]; Haemisch et al [1994]; Barnard ef al [1996b]; and as also suggested by Brain [1988;
1989], but see Van de Weerd et al [1994]). Such changes may reflect the opportunity for
competitive males to express resource defence, arguably a welfare benefit for these
individuals, but they may also reflect the inability of males of lower competitive ability to
avoid attacks in confined cages, a potentially serious welfare problem. Newberry (1995)
suggested that it was more useful to emphasize the functionality and adaptiveness of
behaviour in specific environments than its ‘naturalness’. Differences in the choice of
enrichment objects and cage size which appear subtle to humans could have a big impact on
the motivation of mice to perform certain naturally selected responses, which remain in
laboratory mice as an ‘evolutionary legacy’ (Dawkins 1988). In restrictive cages, mice will
typically establish dominance hierarchies based largely on postural aggression rather than on
escalated attacks between familiar mice that are forced together (Bisazza 1981). However, if
the area available to mice is sufficiently increased, they will distribute themselves and
attempt to defend territories, becoming intolerant of intruders (as in commensal habitats
[Crowcroft 1955; Crowcroft & Rowe 1963]).

A review of the published literature reveals that the effect of altering environments has
been assessed using a variety of methods. Reactions of mice to intruders inside the cage
environment have been used as an indication of the effects of enrichment on increasing the
tendency to act in a territorial fashion (Haemisch et a/ 1994; Haemisch & Gértner 1994). A
variety of tests (Hennessy & Foy 1987; Chamove 1989; Van de Weerd et a/ 1994; 1997,
Wainwright et al 1994) have been used to examine the effect of enrichment on exploratory
behaviour, emotionality and fearfulness outside the home cage environment. These methods
measure the change in reactivity of mice as a consequence of the enriched treatment but the
welfare implications of different degrees of reactivity are hard to assess in this narrow
context. Preference testing examines an animal’s choice between different options.
Associating a cost with each choice (demand function) assesses the motivation to access
resources (Dawkins 1988; Sherwin & Nicol 1997). Mice are, however, highly motivated to
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explore their environment and may work to access any additional area. The area accessed
may not necessarily be beneficial from the point of view of long-term benefits to the
individual (Rushen & de Passillé 1992), or reflect long-term preferences (Dawkins 1988).
What is perceived as ‘choice’, could be the satisfaction of escaping the home cage and/or the
motivation to search for resources (Sherwin 1997).

Thus, responses may only reflect a ‘need’ to satisfy immediate motivational priorities
rather than an evaluation of the impact of ‘enrichment’ on a suite of responses, making the
results hard to interpret in a wider context. Assessment of time budgets can overcome some
of these shortcomings (Dawkins 1988). No studies have looked extensively at the impact of
enrichment on behavioural time budgets in the environment which is the focus for
improvement and where the study animals spend the vast majority of their time — the home
cage.

Assessing behaviour alone cannot provide a true picture of the effects of environmental
conditions on welfare. Physiological and behavioural responses are unavoidably interrelated,
and their associated costs may be traded off against one another according to the
circumstances. For example, Bamard et a/ (1996a) examined the relationships between
behaviour, corticosterone (a stress indicator, eg Van de Weerd et al [1997]), testosterone
(related to competitive ability [Rodgers 1989; Vom Saal 1989}]) and total IgG (used as an
indicator of peripheral immune responsiveness {Barnard et a/ 1993]) in order to consider the
regulation of these potentially immunodepressive hormones as part of an adaptive
mechanism of physiological and behavioural decision making. The existence and functional
relevance of these adaptive trade-off mechanisms must be considered in the evaluation of
welfare. Further, chronic effects of environmental conditions on physiology may be reflected
in organ weights measured at termination (Manser 1992). For instance, increased adrenal
gland weight is symptomatic of adrenal hypertrophy. Relatively low spleen and thymus
weight may indicate chronic immunosuppression, and a relatively large heart may indicate
arteriosclerosis caused by overactivation of the sympathetic nervous system (Manser 1992).

Although Dawkins (1988) acknowledged that domesticated mice carry an ‘evolutionary
legacy’ in their behaviour, which must also be the case for their physiological responses,
strains differ in both physiology (Haemisch & Girtner 1994; Van de Weerd et al 1997), and
behaviour (Southwick and Clark 1968; Van Oortmerssen 1971; Haemisch & Girtner 1994;
Van de Weerd et al 1994; 1997). Such differences have led to several authors (Manosevitz &
Montemayor 1972; Brain 1989; Van de Weerd et al 1994) acknowledging the need to
consider strain differences when evaluating the impact of housing conditions.

Thus, in this study, we examined the time budgets, physiology and organ weights of male
mice from six commonly used inbred and outbred strains, which previous studies have
suggested would be likely to differ in their physiological (Festing 1979) and behavioural
(Southwick & Clark 1968; Van Qortmerssen 1971) responses to practical enrichment placed
in their home cages.

Methods

Ethical note

All licensed work was carried out under Home Office Project Licence 40/1086. Prior to
commencing the study, it was decided that mice would be separated and withdrawn from the
study if aggressive interactions involved prolonged bouts of chasing or caused injury.
However, this was not required during this study. To induce temporary anaesthesia (for
blood sampling), or an overdose (for termination) animals were placed in a dessicator where
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cotton wool soaked in an appropriate amount of anaesthetic agent had been placed.
Following the (UK) Home Office Code of Practice (Home Office 1989), animals were
separated from the anaesthetic by a mesh grill. Although this method of anaesthesia was used
in our unit at the time of this study, it has since been discontinued, as it is no longer a
recommended method for animal welfare and health and safety reasons (Wolfensohn &
Lloyd 1994).

Animals and housing conditions

Outbred strains ICR(CD-1) and TO, and the inbred strains BALB/c, C57BL/6, CBA/Ca and
DBA/2 mice were our subjects. Thirty-two male mice of each strain were purchased from
Harlan UK Ltd (Bicester, UK) aged 5 weeks, supplied as four animals per box. As we could
not ascertain the relationship or familiarity of mice prior to arrival at our animal house,
animals were held in their supply groups for 5 days to standardize their immediate pre-study
experience. Following this period, mice were rearranged into strain-specific groups of four
mice that had not been housed in the same stock group (eight groups per strain). Prior to and
throughout the study, mice were housed in typical, opaque, polypropylene cages,
12.5x45x14cm (Type MB1; North Kent Plastics, Erith, UK), incorporating a metal grill lid
with a food-hopper and water bottle. Mice were maintained on a 12:12 h reversed white-/red-
light cycle (red-light 0800h to 2000h). Temperature was maintained between 19 and 21°C.
Cages were supplied with ad libitum food (Harlan-Teklad™ TRM 9607 Rat and Mouse Diet;
(Harlan-Teklad™, Bicester, UK) and water. They were provided with a sawdust substrate,
and were cleaned twice weekly. Half the cages used for each strain (the enriched treatment)
were provided with a clear Perspex tunnel (diameter 40mm, length 120mm) and a small
handful (approximately 1g) of shredded tissue nesting material (Biotech Ltd, Finedon, UK)
placed in the open end of each cage.

Laboratory mice appear to have a strong motivation to construct nests (Van Qortmerssen
1971; Sherwin 1997; Van de Weerd et al 1997), as do mice in commensal environments
(Estep et al 1975). Nests provide cover and also appear to play a role in thermoregulation
(Lynch 1978). Nesting material is often used in laboratories, and its provision is a
recommendation of the (UK) Home Office Code of Practice (Home Office 1989). Tunnels
mimic the type of structures likely to be used as cover in many commensal and feral habitats
(Crowcroft 1966; Berry 1987).

There were eight cages of four mice for each strain; four containing the enrichment, and
four maintained in a standard way (the experimental treatments). All cages were suspended
on standard cage racks, leaving gaps between rows for behavioural observation. Cages of
each strain of mice and treatment were evenly distributed on the racks to avoid any positional
or neighbour strain bias.

Behavioural observations

Animals were marked for individual identification during the week prior to placement in
their experimental groups. Albino mice (ICR[CD-1], TO and BALB/c) were marked with
Clatrol Nice n’ Easy™ Natural Black hair colour (Shade 122: Bristol-Myers Co Litd,
Uxbridge, UK), and non-albino mice were marked using a bleach and 40 per cent cream
peroxide solution (Jerome Russell Cosmetics Ltd, Essex, UK). In previous studies we had
established that these solutions had no irritant effects.

Behaviour was recorded during the red-light phase, when mice were most active.
Behavioural elements were allocated to nine functional categories for analysis, modified
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from those used for rats by Hurst et al (1997) and allowing for differences in cage type
between this and Hurst ef al’s study. Behavioural category definitions are outlined in Table
1. Animals were observed in sets of six cages (incorporating both cage types [standard and
enriched] and a mix of strains); each group was observed for an equivalent period each day
(approximately 45min). Instantaneous time budget samples of behaviour (Martin & Bateson
1986) were taken in rotation with a sample taken every 4s, and with approximately 192s
between successive samples of the same mouse. Mice within the same cage were observed in
numerical order (each dye mark corresponding to a numbered sequence).

Table 1 Categories of behaviour recorded, and behavioural definitions.

Behaviour category Definition

Behaviour of an aggressive nature directed at another individual.
Elicits an aggressive or defensive response from the other
individual. Includes biting, chasing, pinning, mounting and threat
postures.

Non-aggressive investigation of another individual, sniffing of
body parts, defensive behaviour.

Aggression

Social investigation

Sleep Lying with eyes closed.

Eat/drink Intake of food or water.

Non-bar-related Sniffing the components of the cage not related to the external
exploration environment eg sawdust substrate, cage walls, airborne odours.

Investigating the environment external to the cage by sniffing at or
through the cage bars, bar gnawing (of less than 10s duration, see
‘stereotypic behaviour”).

Persistent bouts of bar gnawing (of more than 10s duration, after
Wiirbel et al [1996]).

Bar circling: repeatedly tracing a circle on the cage bars with
forepaws and body.

Bar-related behaviour

Stereotypic behaviour

Bar wheeling: repeated movement from the cage bars to the cage
floor.

Grooming
Stationary alert

Other non-social

Self-maintenance of pelage.

The individual remains immobile but is not asleep or investigating
the environment.

Bucket category: non-exploration, non-social movement.

behaviour

Groups were sampled in a different order each day to ensure an even spread of
behavioural samples for each mouse over the study duration. Eighteen time budget samples
were taken per mouse for 4 days each week throughout the 4 weeks of study, yielding 288
time budget samples for each mouse. Bar-related behaviour patterns (see Table 1) were
scored as stereotypic (generally defined as repetitive and invariant with no obvious goal or
function) if they were over 10s in duration, following Wiirbel ef al (1996). As each cage was
observed for 16s (with the behaviour an individual mouse recorded every 4s), the observer
(C M N) could easily track repeated behaviour patterns by an individual during this period.
In addition, 9 x 4min periods of continuous observation were spread evenly throughout each
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day to record aggressive interactions only (monitoring two observational groups at the same
time). These were used as additional measurements for determining social status within
cages since aggression was relatively infrequent. The aggression initiated by each individual
was totalled over the study. The mouse initiating most aggression within each group was
classified as dominant if it was found to be significantly more aggressive (at P < 0.05) than
any other mouse (which was then classified as subordinate) within the cage (Bisazza 1981;
Mackintosh 1989). Dominance was clearly shown in ICR(CD-1), TO and BALB/c mice,
except in one cage of aggressive TO mice where no dominant emerged. The other strains
showed very low levels of aggression and, therefore, were not classified in this way.

Body weights

Animals were weighed on arrival and at weekly intervals throughout the study for standard
health monitoring. Body weight was used as a covariate in the analysis of physiological
parameters.

Blood sampling

In the week prior to experimental grouping, animals were lightly anaesthetized with
trichloroethylene (BDH-Merck, Lutterworth, UK) in the room adjacent to where they were
housed and a retro-orbital blood sample (88ul) was collected in a heparinized capillary tube
by licensed, experienced personnel (see, Ethical note). Samples were taken within 2min of
an animal being removed from its stock cage. A second sample of blood was taken post-
mortem from each individual by severing a major artery. All blood samples were centrifuged
for 8min in a haematocrit centrifuge, and the serum frozen at —20°C for later physiological
analysis.

Serum assays
We assayed each blood sample for serum concentrations of corticosterone, testosterone and
total serum IgG following the procedures used by Bamard et al (1994a, b; 1996a, b).

The concentration of corticosterone (ng ml') was measured using 6ul samples of
undiluted serum and a Gamma-B '®I-Corticosterone kit (Immunodiagnostic Systems Ltd,
Tyne and Wear, UK) based on a double antibody radioimmunoassay as advised by the
manufacturers. Corticosterone concentrations were calculated by reference to standards
provided with the kit.

The concentration of testosterone (ng ml') was measured using a Coat-a-Count® Solid-
phase '*I-Total Testosterone kit (Diagnostic Products Corporation, Los Angeles, USA)
using 50ul samples of undiluted serum for post-mortem assays, and 25ul samples for pre-
grouping assays (after consultation with the manufacturers, due to the small serum volumes
obtained). Testosterone concentrations were calculated by reference to the calibration curves
for each volume.

Serum total IgG concentration (mg 1) was determined by the method of Mancini et al
(1965) using radial immunodiffusion kits (The Binding Site, Birmingham, UK). Ring
diameters were measured in two directions at an angle of 90° and the mean was used to
calculate the concentration of immunoglobulins from a calibration curve obtained using
appropriate standards.

In certain cases, limited serum volumes meant that it was not possible to obtain a reliable
estimate of all three serum factors from a particular sample. As a result, sample sizes in some
analyses varied.
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Termination procedures

At the end of the study animals were terminated (see, Ethical note) using chloroform (BDH-
Merck, Bicester, UK). Order of termination was balanced with respect to strain. The adrenal
glands, kidneys, spleen, testes, seminal vesicles, preputial gland, heart (exsanguinated) and
thymus of each subject were carefully dissected and weighed (in pairs where appropriate) so
that potential relationships between organ weight, physiology and behaviour could be
examined.

Statistical analyses

Data were analysed using the SPSS®© statistical package (Version 6.0; Statistical Package for
the Social Sciences© Inc, Chertsey, UK). One-sample Kolmogorov-Smirnov tests confirmed
that the distributions of all variables did not differ significantly from normal, thus parametric
statistics were used throughout. We analysed both behavioural and physiological data to
compare the overall responses of strains, and the effects of environment and social status on
responses. A multivariate analysis of variance (MANOVA; Wilk’s lambda) assessed overall
differences between strains in behavioural and physiological parameters, examining
univariate F-ratios to identify which variables contributed most strongly to the overall effect.
Body weight was entered as a covariate in analyses involving physiological parameters and
organ weights, since inbred strains are generally much smaller than outbred animals.

We used stepwise Discriminant Function Analysis to examine whether there were general
differences between aggressive and non-aggressive strains, and to identify which variables
other than aggression were important in discriminating between these strains. Variables were
entered stepwise into the analysis according to the criterion of minimizing Wilk’s lambda
(equivalent to the largest multivariate F)) to provide the most parsimonious discrimination
between classes.

Pearson’s (product moment) correlations were used to examine specific relationships
between particular behavioural and physiological parameters, if suggested by the data.

Results

Behaviour

During observations and husbandry procedures, it was apparent that most mice in the
enriched treatment manipulated the nest material and used it as cover. Most, though not all,
mice dragged the material under the food-hopper. Mice were frequently observed moving
over the tunnel, but were seen to pass through it only infrequently. Tunnels rarely remained
where they had been placed, although it is unclear whether the movement was intentional.
During husbandry procedures, it was noticed that some tunnels were marked with urine,
although observations suggested that this was not a strain characteristic.

The MANOVA of the effects of enrichment and strain on time budgets revealed that
enrichment had a highly significant effect on behaviour (multivariate F,;,, = 3.26, P <
0.001) but there were also highly significant differences in behaviour between strains
(multivariate F;;,, = 12.54, P < 0.001) and the effects of enrichment varied according to
strain (interaction between strain and treatment, multivariate Fys;,, = 1.74, P < 0.005).

Inspection of the means confirmed that the two outbred strains (ICR[CD-1] and TO) were
more aggressive than three of the inbred strains, while the inbred BALB/c were also
relatively aggressive (Figure 1). Enrichment had no effect on time spent in aggressive
behaviour (F; ;5 = 1.01, ns) with no interaction between strains and the enriched treatment.
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Figure 1 Mean (+ SEM) percentage of observations of aggression recorded over
the study period, according to strain and cage type. Dark shading
signifies mice in enriched cages, no shading signifies standard-housed
mice.

Although potentially important from a welfare perspective, aggressive behaviour occupied
only a small proportion of time budgets even among aggressive strains (< 2%). The major
difference in behaviour between strains (see Table 2) was in the time spent sleeping (Fs ;5 =
31.65, P < 0.001), although this was not affected by cage enrichment (interaction between
strain and cage type Fj;5 = 0.82, ns). This was due to the very high (mean £ SEM)
proportion of time that the outbred TO mice spent asleep (43.3 £ 1.77 %) and the much
lower level of sleep exhibited by the inbred BALB/c (16.25 + 0.91 %) during the red-light
recording period. Not surprisingly, these differences were reflected in time spent in other
categories of active behaviour such as eating/drinking and exploration, which were
particularly low in the TO strain. Each strain differed in the relative time allocated to
particular activities as shown in Table 2, with no consistent pattern across strains. However,
discriminant function analysis revealed that mice in aggressive strains (ICR[CD-1], TO and
BALB/c) generally spent more time in all types of social behaviour and remaining stationary
but alert while those in non-aggressive strains spent more time at the cage bars (chi-square =
64.7, P < 0.001).

Across strains, the significant overall effect of enrichment on behaviour (multivariate
Fys77,=12.54, P < 0.001) arose from differences in only a few categories of behaviour (see
Table 2). The time spent feeding and drinking was significantly less in enriched cages (F; ;5
=6.17, P <0.05), but stereotypic behaviour (ie bar-related stereotypy) was increased (F; ;5=
5.10, P < 0.05). There was also a tendency for mice in enriched cages to explore their
internal cage environment more than animals in standard housing (£ ;5 = 3.59, P = 0.06).
However, there were large differences in these activities between strains (eating and drinking
Fs 50 = 29.87, P < 0.0001; bar-related stereotypies Fj ;5 = 12.11, P < 0.001; non-bar
exploration, Fs ;5,=9.29, P <0.001); and enrichment caused a strong reduction in feeding
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Table 2 Mean (£ SEM) percentage of the time budget spent in each behaviour
category, split by strain and cage type.
ICR TO BALB/c C57BL/6 CBA/Ca DBA/2

Behaviour (CD-1)
Aggression

Enriched 0.9+03 1304 1.0+£0.3 0.2+0.1 0.1+0.1 03+0.1

Standard 1.3+04 1.1+04 1304 03+0.1 04+02 0.4+£0.1
Social investigation

Enriched 44£0.7 54+£06 53+04 51+04 32%03 3305

Standard 53+06 5.0+£0.7 53+03 48+04 3.6+0.3 24+04
Sleep

Enriched 277432 40327 15412 31.5+22 241+£25 213+18

Standard 26.6+2.3 46321 17114 321+19 23.6+3.0 254+26
Eat/drink

Enriched 145+ 1.1 10107 198+13 158+08 13.2x0.7 21612

Standard 154+13 12807 19.0x1.0 179+08 158+0.7 21.3x09
Non-bar exploration

Enriched 15714 159£1.0 20109 17.5+08 157+08 123+0.8

Standard 149+0.8 123+£09 18.0+1.1 16.6+1.1 149+1.2 13.8+1.0
Bar-related behaviour

Enriched 6.1+£23 1.9+04 104+£1.7 69+1.9 177419 17.7+£1.9

Standard 81+28 1.2+02 120+ 1.6 59+14 16627 145+22
Stereotypic behaviour

Enriched 75+1.6 1.5+0.6 43+13 1.3£03 10.2+23 100+14

Standard 56+1.0 1.1+£04 52£1.5 0.5+0.2 9.7+£2.7 1.7£0.6
Grooming

Enriched 16.L0£1.5 19.8+14 16.0x0.7 176 +0.8 12.0+1.1 9.8+0.7

Standard 145+£1.0 158+1.0 15607 18507 112+08 11.1+0.8
Stationary alert

Enriched 5.0=x0.7 2.8+04 52+1.1 3.0+£04 24+04 1.8+ 0.2

Standard 5.6+0.9 3.6+03 4.1+0.8 25+0.2 1.9+0.5 6.3+£0.7
Other non-social

Enriched 1.3+£0.2 1.1£02  26£03 1.1+£0.3 1.5+£03 1.8+£0.3

Standard 25+£0.7 0.8+£0.2 1.6+ 0.2 0.9+0.2 23+0.5 3.0+0.5

and drinking among TO and CBA/Ca mice, which also spent comparatively little time in
these activities in standard cages. BALB/c and DBA/2 spent much more time eating and
drinking regardless of enrichment (see Table 2). There was a highly significant difference
between strains in time spent in (bar-related) stereotypies (¥ ;5 = 12.11, P < 0.001) and,
conversely, in time spent simply stationary but alert (£ ;5,= 8.09, P < 0.001). Under standard
housing conditions, three strains, the outbred ICR(CD-1), and the inbred BALB/c and
particularly CBA/Ca, spent a relatively high proportion of their time in bar-related
stereotypies (an average of 5% to 10%) while outbred TO and inbred C57BL/6 and DBA/2
showed little bar-related stereotypic behaviour (< 1.5%). Enrichment had a general effect of
increasing stereotypic behaviour across all strains (F; ;5 = 5.10, P < 0.025) but this effect
was most apparent among the inbred DBA/2 mice; those housed in non-enriched cages spent
less than 2 per cent of their time in bar-related stereotypies, as compared with those in
enriched cages which spent over 10 per cent of their time in such behaviour (interaction
between cage type and strain Fs 4 = 2.79, P < 0.025; Figure 2). Possibly reflecting this,
inbred DBA/2 spent little time sitting stationary but alert in enriched cages. Other strains
which showed small increases in stereotypies in enriched cages similarly showed a
corresponding decrease in such stationary behaviour.
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Figure 2 Mean (+ SEM) percentage of observations of (bar-related) stereotypies

recorded over the study period, according to strain and cage type.
Dark shading signifies mice in enriched cages, no shading signifies
standard-housed mice.

Physiology

The MANOVA confirmed that there were no significant pre-grouping differences in body
weight or physiological measures in mice allocated to different cage types in any strain.
Also, there were no significant differences in pre-grouping physiological measures between
strains (F;5 ;7> = 1.48, ns). At this time the mice were approximately 40 days old. All
differences were, therefore, due to changes over the study period.

There were significant differences between strains in their changes in physiology over the
study (multivariate F;; ;3; = 2.12, P < 0.05) largely due to differences in IgG responses. In
standard cages, the outbred strains ICR (CD-1) and TO showed a greater change in
circulating levels of IgG over the study, with the aggressive BALB/c showing the next
greatest change in IgG levels. However, this pattern was not consistent over both cage types,
as the inbred strains C57BL/6 and CBA/Ca housed in enriched cages had much higher levels
of circulating IgG than did their counterparts held in standard cages. There were no
interaction effects between strain and cage type (multivariate F;; ;53 = 1.25, ns). Overall,
there were interesting effects of enrichment on physiology (multivariate F; 4, = 5.02, P <
0.005), affecting all three parameters measured. Enrichment caused an increase in
testosterone concentration (F; ;;,= 6.125, P < 0.05; Figure 3), primarily due to an increase in
the aggressive strains ICR (CD-1), TO and BALB/c. IgG titres were higher in enriched cages
in all strains (¥, ;, = 16.31, P < 0.001; Table 3), but particularly so in the outbred ICR (CD-
1) and in the inbred C57BL/6, CBA/Ca and DBA/2. Corticosterone levels were also
generally higher in enriched cages (F; ;43 = 4.83, P < 0.05; Table 3), although mainly in the
outbred TO and the inbred CBA/Ca.
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Figure 3 Mean (= SEM) change in testosterone titre (ng ml') over the study
period, according to strain and cage type. Dark shading signifies mice
in enriched cages, no shading signifies standard-housed mice.

Table 3 Change in physiological titres over the study period, split by strain and
cage type.

Testosterone (ng ml?) IgG (mg ml?) Corticosterone (ng ml™")

Strain Enriched Standard Enriched Standard Enriched Standard

ICR(CD-1) 58+2.6 03+1.7 6.8+1.2 33+£0.6 80.0 £79.0 40.7 £ 30.5
TO 13.1+4.6 1.9+1.8 32+03 27+1.5 295.4 £61.6 82.0+15.8
BALB/c 69+45 -0.0+£0.0 2305 1.7+3.3 120+ 14.9 17.3+12.8
C57BL/6 -09+0.8 -05+1.6 24+04 05+5.1 2439+1102 108.5+36.9
CBA/Ca 1.5+£25 03=x16 3513 1.3+x0.2 180.5 + 86.1 -104+£19.2
DBA/2 1.5+ 1.1 1.8+1.2 1.9+03 0.8+0.2 57.0 £ 40.7 110.8 £ 46.0

As there has been much interest in both corticosterone levels and stereotypic behaviour
with regard to the assessment of welfare, and as this study found enrichment elevated levels
of both, we checked whether there was a significant correlation between the levels of
corticosterone and (bar-related) stereotypy shown by individuals. Interestingly, animals
which performed stereotypic behaviour more frequently in standard cages had lower
corticosterone titres (r, = -0.32, P < 0.025), while in enriched cages there was no correlation
(rss = 0.05, ns; Figures 4a and 4b).

We predicted that social status might affect physiological titres, particularly with regards
to testosterone. However, there were no differences in testosterone, corticosterone or total
IgG measures according to dominance status.
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Organ weights

Overall organ weights (taking body weight into account as a covariate) differed significantly
between strains (multivariate F, ;5;= 23.56, P < 0.001) due to strain variation in the weights
of all organs with the exception of the adrenals (Table 4). There was also a significant effect
of housing treatment on organ weights, illustrated in Table 4, (multivariate F; ;,, = 3.69, P <
0.001). This effect was due to the seminal vesicles being heavier in mice housed in enriched
cages (F, ;;0=4.82, P <0.05), except in C57BL/6 mice; to adrenal weights being noticeably
heavier in standard cages in all strains except ICR (CD-1) and CBA/Ca (F; ;5 = 6.06, P <
0.025); and to heart weights being heavier (F, ;,,=7.89, P < 0.01) in mice that were housed
in standard cages largely due to an increase in ICR (CD-1) mice. There was an interaction
between strain and cage type (multivariate £,y ;3 = 1.74, P < 0.005) due to the different
effects enrichment had on strains with regards to heart weight (¥ ;,,= 2.69, P < 0.05) and
the near significant effects on spleen weight (5 ;,,=2.27, P =0.05).

Table 4 Organ weights expressed as mean (+ SEM) g'*2, split by strain and
cage type (enriched vs standard).
ICR (CD-1) TO BALB/c C57BL/6 CBA/Ca DBA/2

Adrenals

Enriched 0.54+0.03 0.50 £ 0.07 046+0.03 041003  0.60+£006  049=0.03

Standard 0.52+0.04 0.61 £0.05 0.64+023 059003  0.54+0.05 0.54 +£0.03
Heart

Enriched 16.47 +0.42 1756 047  13.95%037 14.06+049 11.51£026 14.34+0.21

Standard 18.20+ 0.53 17.98+0.41  13.35%023 1396036 11.74£0.17 14.92+£0.40
Kidneys

Enriched 60.77 + 1.64 6948+2.06 50.00+126 3573+085 47.53+£0.74 43.87+0.80

Standard 64.98 +2.17 67.24+£1.31 48.09+1.09 34.82+063 47.54%1.13 44.61=1.12
Preputial

Enriched 19.40 £ 1.44 1462+091  1260%0.83 11.06+093  7.33£0.38 9.95+0.38 -

Standard 18.70+£1.29 15.13+1.88  1037+074 1098062 749=035 1029043
Seminal
vesicles

Enviched 26.41 £0.84 31.65+1.86 2041063 2123+£1.04 184711 23.93+0.76

Standard 2538+ 1.04 2878146  2030+097 21.81£078 1664076 20.72+0.92
Spleen

Enriched 16.97 £2.70 1296+ 0.81  11.89+0.52 9.12+0.39  593+0.24 8.94 + 0.85

Standard 11.90 £ 0.56 1513+1.88  11.94+0.53 8.15+040  7.70+2.21 9.12£0.44
Testes

Enriched 28.79 % 1.47 21.88+0.66 23.97+0.65 23.58+031 1605002 23.21%027

Standard 26.85%0.77 2207+058  23.83+0.66 22.92+0.59 1500+049 23.02%0.51
Thymus

Enriched 4.03 £0.30 3.47 £0.23 3.04+0.16 521025  322+016  2.80+0.10

Standard 3.48+0.22 3.71+0.22 3.17+0.18 536024  3.02:0.13 3.04+0.16

As enrichment was shown to increase testosterone titres in aggressive strains, we
examined whether there were any effects of enrichment, status or strain on organ weights,
especially with regard to organs that may play a part in territorial responses. While there was
no impact of enrichment on organ weights (¥; ;,= 0.87, ns), or any effect of status (F; ,,=
0.87, ns), there were significant differences between the aggressive strains in the weight of
the preputial glands (¥, ,, = 8.26, P < 0.005), seminal vesicles (F, , = 5.98, P < 0.005),
testes (F, ;o = 27.87, P <0.001) and kidneys (F, ,, = 5.35, P <0.01).
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Discussion

It is interesting that sleeping accounted for the largest proportion of the time budget in each
strain. It is not known if time spent sleeping in the dark period (when mice should be most
active) reflected activity over the full 24h. However, such apparent inactivity could be of
welfare concern if caused by a lack of stimulation within cages (but see relationships
between activity and organ pathology in rats [Hurst ef al 1996]).

Strains differed in their behaviour and physiology in a complex manner. Strain variation
in aggression may be particularly relevant when assessing welfare because it is potentially
injurious and becanse of the pivotal role it plays in the social organization of male mice
(Hurst 1993). The frequency of its expression within captive environments may indicate
variation in the ability of males from different strains to show adaptive plasticity in their
naturally selected territorial response in an artificial situation. In the standard and enriched
cages used in the current study, both outbred strains (ICR [CD-1] and TO) exhibited
aggression, as did the inbred BALB/c (which were also aggressive in ‘putative’ tests [Jones
& Brain 1987]), but the other inbred strains, C57BL/6, CBA/Ca and DBA/2, were rarely
aggressive. In contrast to other studies that measured aggression between familiar males
which had been housed in larger cages with more complex enrichment (McGregor & Ayling
1990; Barnard et al/ 1996b), mice in our enriched cages were no more aggressive towards
one another than mice housed in standard cages. Sandnabba (1997) showed that high levels
of aggression in mice were associated with an urge to enlarge the home range or territorial
area and gain exclusive dominance. In this study, testosterone (which has been linked with
competitive ability, see Zielinski & Vandenburgh [1993]) increased significantly more over
the study in mice in enriched cages, due to elevation of its levels in aggressive strains. The
seminal vesicles, which secrete fluid into the vas deferens, were also heavier in enriched-
housed mice, suggesting anticipated reproductive opportunity in a more competitive
environment.

Although aggression and testosterone both play a role in the naturally selected territorial
responses of mice, they appear to be influenced independently by cage size and complexity
in captivity. In relatively small cages housing single-sex groups, such as were used in this
study, mice may adopt a behavioural strategy of relative tolerance towards their cage mates
after aggressive attempts to exclude potential competitors from the area fail and familiarity
increases. However, adding resources to these cages stimulates hormonal aspects of the
territorial response. The increased corticosterone levels in enriched-housed mice may
indicate stress related to increased territorial motivation (although standard-housed mice had
heavier adrenals). Increasing cage size allows more spatial separation between mice, which
may encourage the aggressive territorial response (although space remains too limited for
territory establishment). Together with the addition of resources likely to be coveted
(enrichment), larger cages may stimulate increased aggression in male mice.

Why might strain differences in aggression and social behaviour arise? Bisazza (1981)
found that outbred Swiss mice formed territories within enclosures but inbred C57BL/6 and
BALB/c mice did not. As in this study, Bisazza found C57BL/6 mice to be relatively pacific
and BALBY/c to be aggressive. This suggests an effect of inbreeding on the ability to establish
and maintain territories, possibly because genetic similarity affects communication
mechanisms. Mice primarily communicate using urinary odour cues that convey
individuality and status information, enabling territories to be established and maintained
(reviewed by Brown [1985]). As individuals within an inbred strain are isogenic, mice may
be unable to recognize odour cues from other individuals as different to self, affecting their
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ability to establish and maintain territories. Inbreeding wild mice reduces their competitive
ability (Eklund 1996). From an inclusive fitness perspective, animals should respond more
favourably towards animals that are of greater genetic similarity to themselves than towards
those that are less genetically similar (but see Barnard et al [1991]); similarity in odour cues
may provide a mechanism by which this occurs. The aggressive response of BALB/c mice
(the only inbred strain to show levels of aggression and change in testosterone titres
comparable to outbred strains), may, therefore, be even greater towards genetically dissimilar
mice or mice whose signals could be recognized as different to self.

Alternatively, the pacific nature of some inbred strains may be due to other non-
discriminatory shared strain characteristics (see Barnard et al 1991). The genetic and
physiological basis of social behaviour and communication in different strains of laboratory
mice is not clearly understood and requires further study. It is worth noting that some of the
inbred strains which were relatively pacific in this study have been described as aggressive
by other researchers (eg DBA/2 mice were described as aggressive by Jones & Brain [1987];
Haemisch & Girtner {1994]; and Haemisch et a/ 1994). However, while aggression was
relatively constant towards familiar cage mates, it increased towards intruders whose odour
cues may have become recognizable as different to self (Haemisch & Girtner 1994), or
otherwise altered by housing conditions such as isolation (Jones & Brain 1987). Festing
(1979) discussed how substrain differences arise between laboratories due to genetic
differences resulting from mutation, residual heterozygosity and genetic contamination.
Behavioural traits are not of interest to most researchers, and thus may be subject to
incidental accumulation of variation between breeding establishments, whereas particular
efforts may be made to standardize traits such as spontaneous formation of particular
tumours. Thus, researchers and animal care staff should familiarize themselves with the
particular behavioural characteristics of their substrain in order to assess its welfare. This
may also be important for standardization between biomedical studies, as significant
between-strain differences in behavioural parameters, such as sleep, could have a variety of
effects on physiological responses.

In this study, enrichment generally appears to have stimulated interest towards the cage
environment, with miice showing a greater tendency explore the internal cage environment.
However, mice in enriched cages performed more stereotypies involving bars set in the cage
lid, behaviour which is thought to develop from frustrated attempts to explore the external
environment and/or leave the cage (Wiirbel et a/ 1996). This is surprising, as non-enriched
environments are usually considered to be ‘poorer’, and are assumed to induce such
behavioural abnormalities (Haemisch et al 1994). Our cage enrichment may have increased
the motivation of mice to perform another natural behaviour pattern — exploration (possibly
associated with motivation to increase the home range, discussed by Sandnabba [1997]) —
which was frustrated by the confinement imposed by the cage, resulting in stereotypic
behaviour. There was no relationship between (bar-related) stereotypy and corticosterone
levels in the enriched cages, but, in the standard cages, mice performing more stereotypic
behaviour had lower corticosterone titres. Thus, there may be environmental differences in
the apparent function of bar-related stereotypies in mice. In standard cages this behaviour
pattern could be interpreted as a coping response by which animals in behavioural ‘limbo’
(McFarland 1989) deal with a deficient environment. The increase in motivation to explore,
apparently stimulated by enrichment, may persist ~ so ‘coping’ does not occur. The periodic
opening of the cage lid for maintenance procedures may reinforce such motivation.
Environmental influences on the motivational basis of stereotypies could relate to the
enhancing effect that enrichment has on learning ability (Wainwright et al 1994).
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While there were no differences between strains in their physiological responses to
enrichment, strain differences in physiology may be relevant to welfare. Inbred strains
generally exhibited lower IgG responses over the study than outbred ones, particularly in
standard cages. It is important to consider this in conjunction with caging effects on aspects
of the male territorial response. Bamard ef al (1996a) found that when the
immunocompetence of mice was challenged, aggression and testosterone levels were
reduced to a greater extent in mice with low IgG levels. In non-challenged groups, as in this
study, there was no relationship between IgG levels and aggression. In evolutionary terms, it
may ‘pay’ mice whose immunocompetence is challenged to maintain testosterone levels and
aggression when resources encourage competitive behaviour, since despite the cost to
immunocompetence, acquiring these resources may increase reproductive opportunity.
Indeed, in a study where reproductive opportunities were indicated by the addition of female
odours (Barnard et a/ 1997), immunocompromised mice maintained their aggression levels
despite the potentially costly effects to survivorship. In laboratories, few individuals receive
real reproductive opportunities, but as this likelihood is unlikely to be perceived by mice this
naturally selected behaviour pattern is likely to persist in laboratory mice.

Many laboratory mice do undergo some form of immune challenge in the form of
toxicological testing. As discussed earlier, enrichment can raise levels of aggression and
testosterone. However, Barnard et a/ (1996b) showed that testosterone, but not aggression,
was downregulated (ie levels were reduced) in parasitized mice in enriched cages, perhaps to
reduce its impact on immunocompetence when animals are already immunocompromised.
While not reflected in a decrease in their total IgG, mice in enriched cages showed reduced
resistance to Babesia microti. Enriching the cages of aggressive, high testosterone-producing
mice (in which immunocompetence may be reduced, particularly where both aggression and
hormone levels may be further increased by the provision of female odour or reproductive
experience), may have particular welfare implications.

In this study, where the immunocompetence of mice was not challenged, the higher IgG
response of enriched-housed mice may indicate that their immune systems were stimulated,
although differences in titres in differentially housed mice may also be the result of
immunodepression in standard cages. Any apparent housing effects on immunological
parameters are likely to be of interest to biomedical researchers.

Animal welfare implications

The drive to improve animal welfare, which is the aim of most environmental enrichment
programmes, is laudable and should be encouraged — but with caution. Enrichment, as used
in this study, could be interpreted as improving the welfare of male mice, as it apparently
encouraged aspects of a naturally selected response (territoriality) and increased interest in
the environment within and external to the cage. However, these responses were encouraged
within a highly artificial environment, and may not be appropriate. The increase in bar-
related stereotypy within enriched cages may have resulted from increased interest in the
external environment that was frustrated by confinement. The effects of artificial selection on
the behavioural and physiological responses of each strain should also be considered. In
particular circumstances, such responses may be detrimental to individuals.

Enrichment is also likely to have an impact on the lives of female mice. However, as
females have different life history strategies and, therefore, motivational priorities, care must
be taken in extrapolating these results to females. As advocated by Barnard and Hurst
(1996), we must use our knowledge of the naturally selected responses of animals and how
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circumstances impinge on their functional design to predict the potential effects of
manipulating their captive environment on their welfare,
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