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The behaviour and physiology of wild animals born in zoos, laboratories and breeding centres can differ
substantially from that of their wild-caught (WC) conspecifics. For instance, captive-born (CB) animals
are typically more prone to developing abnormal repetitive behaviours. In captive striped mice,
Rhabdomys, we first confirmed that birth origin predicted the emergence of stereotypic behaviour (SB),
with CB mice being most at risk. Second, to investigate correlates of this birth origin effect, we tested WC
and CB striped mice in behavioural tasks to quantify fear/anxiety, activity and perseveration, and
measured faecal corticosterone to assess physiological stress. WC mice proved more fearful and less
active than CB animals, and had higher levels of faecal corticosterone metabolites. These effects,
however, were unrelated to SB. WC mice were also less perseverative and more behaviourally flexible
than CB animals, traits that covary with SB. Third, a retrospective analysis of laboratory records showed
that SB incidence was significantly lower in adult-caught than juvenile-caught striped mice, with
juvenile males being the most severely affected by early removal from the wild. In conclusion, our results
indicate that adult, but not juvenile WC striped mice are typically protected against SB development in
captivity, despite having poorer welfare than their CB conspecifics. They also reveal profound behavioural
changes in CB mice, changes suggestive of altered forebrain function, a hypothesis now needing direct
testing.
� 2011 The Association for the Study of Animal Behaviour. Published by Elsevier Ltd. All rights reserved.
Wild animals are often bred in research laboratories, zoos and
conservation centres. Several recent studies show that captive-born
(CB) animals may differ behaviourally and physiologically from
their wild counterparts, a potential problem when the aim of
captive breeding is to conserve or study wild phenotypes. Some
observed differences are unsurprising: CB animals may lack the
experience to perform certain natural behaviour patterns compe-
tently (e.g. golden-lion tamarins, Leontopithecus rosalia: Kleiman
et al. 1990; black-footed ferrets, Mustela nigripes: Biggins et al.
1999; bank voles, Clethrionomys glareolus: Mathews et al. 2005),
and they are also typically less scared of humans than captive wild-
caught (WC) conspecifics (e.g. black rhinoceros, Diceros bicornis:
Carlstead et al. 1999; capybaras, Hydrochoerus hydrochaeris:
Nogueira et al. 2004; starlings, Sturnis vulgaris: Feenders & Bateson
2011). Probably as a consequence of their reduced fear, CB animals
also generally appear to have better welfare in captivity: for
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example, compared with WC conspecifics, CB pigtailed macaques,
Macaca nemestrina, show reduced mortality after a stressor
(Ha et al. 2000). Other differences between WC and CB animals,
however, are somewhat counterintuitive: compared with captive
WC conspecifics, the offspring of CB mongoose lemurs, Lemur
mongoz, have greater mortality (Perry et al. 1992); female CB white
rhinoceroses, Ceratotherium simum simum, often fail to conceive
(Swaisgood et al. 2006); and zoo-housed CB Asian elephants, Ele-
phas maximus, are likely to die prematurely (Clubb et al. 2008).
These examples indicate that birth origin can have dramatic effects,
both positive and/or negative, on the phenotypes of captive
animals.

Birth origin also has a striking influence on the development of
highly repetitive stereotypic behaviours (SBs) such as pacing or
body rocking. Although SBs afflict at least 10 000 captive zoo
animals worldwide (Mason et al. 2007), in eight of the 11 species
studied to date they are rare or absent in WC individuals, and more
common in conspecifics born in captivity (Mason 2006; Latham &
Mason 2008). The hypothesized causes of SBs are two-fold. First,
SBs may arise from poor adjustment to impoverished captive
conditions, resulting in the sustained elicitation of highly moti-
vated, but ultimately thwarted (i.e. frustrated), natural behaviour
patterns (hereafter ‘source behaviours’; frustrated motivation
by Elsevier Ltd. All rights reserved.
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hypothesis). For example, bar chewing in laboratory mice, Mus
musculus, derives from repeated attempts to escape (Nevison et al.
1999), whereas stereotypic digging in gerbils, Meriones unguicula-
tus, is triggered by the lack of a species-typical tunnel-shaped
entrance to a nesting chamber (Wiedenmayer 1997). Second, SBs
can arise secondarily to changes in areas of the forebrain, especially
the neural pathways between the cortex and the basal ganglia,
responsible for behavioural flexibility and for the inhibition of
inappropriate and unsuccessful responses (abnormal behavioural
control hypothesis; e.g. Garner 2006; Lewis et al. 2006; Graybiel
2008; Latham & Mason 2010). Thus in a number of species, a rela-
tionship has been found between individual levels of SB and
increased ‘perseveration’ (‘the continuation or recurrence of
an.activity without the appropriate stimulus’; Sandson & Albert
1987, page 1736) and reduced behavioural flexibility (e.g. Garner
& Mason 2002). Furthermore, treatments that induce SB (e.g.
deprivation rearing or dosing with psychostimulants) corre-
spondingly induce both perseveration and changes to these brain
regions (e.g. Robbins et al. 1990; Lewis et al. 2006; Latham &Mason
2008). The likely causes of low/absent SB are therefore low moti-
vational frustration, leading to the lack of repetition of source
behaviours, and/or a well-functioning, species-typical forebrain
that permits the ready inhibition of inappropriate behaviours. Both
of these have been suggested to explain why SB is rarer in complex,
naturalistic captive environments than it is in small barren cages
(e.g. Latham & Mason 2010). However, a third reason has also been
proposed to explain why some animals do not stereotype, even
when they are kept in impoverished cages. Within these impov-
erished, SB-motivating environments, nonstereotypic individuals
are generally atypically inactive (Meyer-Holzapfel 1968; Altman
1999), and also often seem to have poorer welfare than their
stereotypic cagemates (Mason & Latham 2004). This suggests that
in adverse captive conditions, inactivity is an alternative response
to SB, perhaps because it represents hiding as a result of fear or
excessive resting/sleeping secondary to ‘apathy’ (defined here as
a lack of interest or motivation; Marin 1990).

How birth origin influences the development of SBs is unknown.
However, the hypothesized reasons for low SB performance suggest
that this birth origin-induced variation is mediated by experience-
dependent changes in (1) forebrain structure and function
(affecting abilities to inhibit inappropriate behaviours); (2) moti-
vational systems (affecting the degree to which natural behaviours
are frustrated and/or animals are fearful or apathetic); and/or (3)
the extent of animals’ fearfulness or apathy (affecting the level of
hiding behaviour and inactivity). This gap in our knowledge reflects
the type of previous investigation into CBeWC differences in SB.
Previous reports have been either serendipitous findings from
studies in which the main focus was not SB, or have comprised
findings from the retrospective analysis of multizoo data of animals
spread over numerous sites (Mason 2006). As a result, none have
allowed investigation into the precursors or correlates of the
influence of birth origin on SB in a way that could shed light on
underlying mechanisms. In this study, using the striped mouse
Rhabdomys, we had the unique opportunity to compareWC and CB
conspecifics kept as study subjects in the same laboratory. These
small, diurnal murid rodents are abundant in many southern
African habitats (Skinner & Chimimba 2005); they are not endan-
gered, they offer the typical advantages of a rodent species (e.g.
small body size, successful reproduction in captivity and short
generation times; Schradin & Pillay 2003) and, because they are
diurnal (Schradin 2006), are easy to observe and are not prone to
sleep disruption when tested during the day. The striped mouse is
a particularly good model for studying birth origin effects on SB as
about half of all CB striped mice reared in standard cages develop
locomotor SBs (Schwaibold & Pillay 2001; Jones et al. 2008,
2010a, b). This incidence of SB is also similar to that reported in
a number of zoo species (e.g. brown bears, Ursus arctos, 48%;
clouded leopards, Neofelis nebulosa, 49%; reviewed in Mason et al.
2007), as is the proportion of time that stereotypic striped mice
engage in SBs (about 50% of active time in striped mice [Nel 2003]
compared with 48% in lions, Leo panthera, and 52% in spectacled
bears, Tremarctos ornatus [reviewed in Clubb & Mason 2007]). The
current study comprised three experiments in which we assessed
whether WC striped mice are less stereotypic than CB animals
(experiment 1), explored correlates of birth origin and SBs as
preliminary investigations into potential mechanisms (experiment
2), and analysed historical data to identify any constraints on the
protective effects of being WC (experiment 3).

GENERAL METHODS

All wild striped mice were trapped using PVC live traps
(290 � 60 mm and 70 mm high) which were covered with grass for
insulation, and set for 4 consecutive days. Traps were baited with
half a handful of a mixture of oats, raisins, salt, peanut butter and
vegetable oil, and contained water-moistened cotton wool for
hydration and dry cotton wool for bedding. Traps were checked
both early morning and late afternoon, immediately after the peak
activity of Rhabdomys, ensuring that caught individuals were
unlikely to spend more than 2 h in the traps. No trap deaths were
recorded. Following capture, individuals were transferred into
holding cages (200 � 150 mm and 150 mm high, containing wood
shavings for bedding, a handful of hay for nesting material, and
provisioned with mouse cubes and water bottles), and then
transported by road to the University of the Witwatersrand.
Thereafter, adults were housed individually (except during
breeding) as wild grassland striped mice are naturally solitary
living (Schradin & Pillay 2005), and the tendency to fight often
precludes the caging of same-sex groups after weaning age
(M. Jones, personal observations). Striped mice used in these
studies were ultimately euthanized using either an overdose of an
inhalant anaesthetic (Isoflurane or Halothane) or via carbon
dioxide asphyxiation. Approval for all studies was provided by the
University of the Witwatersrand’s Animal Ethics Screening
Committee.

EXPERIMENT 1: WC VERSUS CB MICE

In this first experiment, we compared the incidence of SB in
a cohort of WC striped mice to a randomly chosen subsample of
their first-generation CB offspring. Because previous work in stri-
ped mice has suggested that SB is genetically based, and also may
be selected for over generations in captivity (Jones et al. 2010b), we
used only F1 CB individuals to maximize the genetic similarity
betweenWC and CB animals (so allowing us to distinguish between
environmental and genetic effects). We predicted that WC striped
mice would be less likely to develop SBs than their CB offspring.

Methods

Study subjects
WC striped mice (males: N ¼ 11; females: N ¼ 15; all adults at

the time of capture) were trapped in a grassland locality
(Honeydew; Gauteng; 27�550S, 26�40E) between July 2006 and May
2007 as part of ongoing studies into SB in captive wild animals. The
comparison group of CB striped mice was a randomly selected
group of the F1 offspring bred from 15 different WC breeding pairs
(males: N ¼ 36; females: N ¼ 34) for use in other behavioural
studies.
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Housing and husbandry
Striped mice were housed in the Milner Park Animal Unit at the

University of the Witwatersrand, under partially controlled envi-
ronmental conditions (14:10 h light:dark, lights on at 0500 hours;
20e24 �C; 30e60% relative humidity). All striped mice were kept
singly in standard Labotec cages (300 � 200 mm and 150 mm high)
from the time of capture (WC) or from shortly after weaning (CB).
The cages contained about 2 cm of wood shavings as bedding, a PVC
tubing nestbox (10 � 10 cm and 15 cm high, open at both ends)
provisioned with hay and paper towel as nesting material, and one
cardboard toilet roll. Mouse cubes and water were provided ad
libitum. A small amount (�3 g) of seed mix (sunflower, millet) was
sprinkled in the cage daily, together with fresh fruit and/or vege-
tables (�10 g).

Procedure
The behaviour of the WC mice was assessed twice, 1 month and

5 months after capture, using direct behavioural observations. Each
assessment covered 5 days, and involved one 15 min observation
session per day. We defined SB as a repetitive behaviour comprising
at least three successive repetitions (see Table 1 for definitions of
the various forms of SBs observed; also Jones et al. 2010a). Striped
mice consistently displaying SB (i.e. the behaviour was observed in
at least three of the five observation sessions) were classed as
stereotypic, whereas those displaying no SB were classed as non-
stereotypic (see Jones et al. 2010a for a rationale of this dichoto-
mous scoring method, which was the standard protocol in this
laboratory). CB striped mice were similarly observed for SB over
two 5-day periods, 1 month after being housed individually in
Labotec cages (i.e. at 2 months of age; young adulthood), and again
when 7 months old.

Statistical analysis
We examined the effect of birth origin on SB using a logistic

regression with a binomial logit function (Statistica 8.0, Statsoft
Inc., Tulsa, OK, U.S.A.). We included birth origin and sex as cate-
gorical predictors, and SB status (stereotypic or nonstereotypic) as
the dependent variable. In this and subsequent analyses, all tests
were two tailed, and differences were considered significant when
a � 0.05.
Results

All striped mice that showed SB in the first observation period
also showed SB during the second observation session. Similarly, all
nonstereotypic striped mice identified as such in the first obser-
vation period remained nonstereotypic when observed for a second
time. SB was thus stable over the 5-month period of data collection,
validating our scoring system. Birth origin was a significant
predictor of the incidence of SB (Wald c2

1 ¼ 11.633, P < 0.001), with
WC striped mice showing substantially less SB (1/26; 4% stereo-
typic) than their CB counterparts (40/70; 57%). We found no effect
of sex on the incidence of SB (Wald c2

1 ¼ 0.221, P ¼ 0.638).
Table 1
Form and definition of stereotypic behaviours observed in striped mice

Form of stereotypic behaviour Definition

Cage climbing Climbing on the cage lid, using either fo
Circuit running Running in the cage along a fixed route
Jack hammering Jumping up and down on the hindlimbs

Prelooping
Climbing upside down on the cage lid w
down by releasing the hindlimbs first

Somersaulting Backward flipping, with or without touc

Windscreen wiping
With hindpaws stationary or moving on
against the cage walls
Discussion

As predicted, first-generation CB stripedmicewere substantially
more likely to be stereotypic than their WC counterparts, con-
firming that striped mice are a suitable model for studying the
influence of birth origin on SB development. In addition, the
observed consistency of SB over time (i.e. after 1 month and
5months of individual housing in Labotec cages) in both CB andWC
individuals indicates that the manifestation of SB during the first
observation session was not simply a transient differential reaction
to a recent change in housing conditions, but a stable trait. Next, in
experiment 2, to explore the association between birth origin and
SB, we studied a subsample of these CB and WC subjects in more
detail, investigating (1) group differences in behaviour and physi-
ology and (2) individual correlates of SB performance.
EXPERIMENT 2: BIRTH ORIGIN CORRELATES OF SB

The suggested biological causes of low SB (see Introduction)
indicate three main mechanisms that could underpin the dimin-
ished incidence of SB in WC striped mice. In turn, these potential
mechanisms predict different correlates of the low SB of WC
animals. Here, we therefore collected various cross-sectional
behavioural and physiological data to investigate the correlates
suggested by the following three hypotheses: WC animals seldom
stereotype because (1) subjects maturing in the wild have more
flexible behaviour and are less perseverative; (2) WC individuals
adjust better to captivity than CB conspecifics and are less frus-
trated by its confines; and/or (3) WC individuals adjust poorly to
captivity, but express this as inactivity.

Over the last decade, noninvasive behavioural paradigms have
been used with good success to quantify behavioural repetition in
stereotypic subjects, and in groups of animals subjected to SB-
enhancing treatments such as nonenriched housing (e.g. bank
voles: Garner & Mason 2002; songbirds: Garner et al. 2003; black
bears, Ursus americanus, and sun bears, Ursus malayanus: Vickery &
Mason 2003; parrots: Garner et al. 2003; and deermice, Peromyscus
maniculatus: Tanimura et al. 2008). These methods have included
‘gambling’ (guessing) tasks, and reversal and extinction learning
procedures. However, many of these procedures require subjects to
undergo extensive operant training, to which striped mice are
poorly suited: a large proportion of animals (especially non-
stereotypic or WC individuals) fail to complete sufficient trials for
initial learning to occur (N. Pillay, personal observations, unpub-
lished data), and furthermore, human handling and contact may
well be a differential stressor for WC and CB animals, thus acting as
a confound. To quantify behavioural flexibility/perseveration, we
therefore used the four-arm maze (e.g. Lalonde 2002), a behav-
ioural test that does not depend on previous training. Analysis of
arm entry sequence in a four-arm maze (or a T-maze) is typically
measured by scoring spontaneous alternation behaviour (SAB;
defined fully in Methods), a commonly used index of perseveration
in assessing obsessive compulsive disorder (OCD)-like phenotypes
relimbs or fore- and hindlimbs
(frequently in a figure-of-eight pattern)
, usually in a corner of the cage or, if a nestbox is present, on and off the nestbox
ith forelimbs and then hindlimbs, moving backwards along lid, then dropping

hing the cage lid
ly slightly on the cage floor, the forelimbs oscillate to-and-fro in a large arc
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(e.g. Yadin et al. 1991; Ulloa et al. 2004) that are characterized by
perseverative deficits in inhibitory control (Joel et al. 2008). SAB is
also sensitive to the effects of lesions in corticostriatal circuitry
(Divac et al. 1975; Delatour & Gisquet-Verrier 1996) and to the
administration of drugs (e.g. Quinpirole) that are standard phar-
macological models of OCD in rodents (Joel et al. 2008). In addition
to scoring SAB, we used sequential analysis (SA) to assess the
pattern of arm entries in the maze because, although SAB detects
whether individuals perseverate in their arm choice rather than
alternating among the different arms, it does not assess whether an
animal predictably enters a particular arm in a regularly repeated
sequence.

Wemade use of a second behavioural test, the lightedark box, to
assess fear/anxiety. Here, the proportion of time spent in the dark
compartment and the latency to emerge from the dark compart-
ment after first entry into it are commonly used indexes of rodent
anxiety (Belzung & Griebel 2001; Bourin & Hascoët 2003), corre-
lating closely with scores from other behavioural measures of
anxiety (e.g. open field, Kim et al. 2002). Pharmacological studies
show that the tendency to prefer the dark compartment and the
latency to emerge from it are reduced by anxiolytic drugs and
potentiated by anxiogenic drugs (Imaizumi et al. 1994). We also
collected faecal samples to measure circulating levels of the stress
hormone corticosterone while striped mice were in their home
cages. Faecal corticosterone levels are an accepted measure of
hypothalamic e pituitaryeadrenal (HPA) axis activity, with high
levels often reflecting increased stress/fear (Touma & Palme 2005).
Faecal sampling has fewer welfare concerns than blood sampling
because it is noninvasive (Touma et al. 2003) and, in striped mice,
faecal pellets are easier to collect than urine samples. Faecal
sampling also gives a picture of the levels of free, unbound
hormone over a period of several hours (e.g. Touma et al. 2003,
Touma & Palme 2005). Finally, we assessed levels of activity in
the home cage, as well as in the four-arm maze (centre crossings;
e.g. Hli�nák & Krej�ci 2006). Previous studies have reported a link
between hyperactivity and SB in bank voles (Garner & Mason
2002), while hypoactivity can potentially reflect hiding behaviour
and/or apathy (Meyer-Holzapfel 1968; Broom & Johnson 1993).

We made three predictions. (1) If forebrain function were
altered in CB individuals in the same way as in deprivation-reared
primates and nonenriched-reared deer mice (see Introduction), we
would predict (1a) higher SAB scores and (1b) lower SA scores in
WC compared with CB animals (both measures reflecting lower
perseverative tendencies). Furthermore, if reduced perseveration
and low SB were to share a common underlying mechanism, we
would predict higher SAB scores and lower SA scores in non-
stereotypic striped mice, for these traits to covary, and for any birth
origin effect on SA and SAB to vanish if SB were controlled for in the
model. (2) If WC stripedmice were better adjusted to captivity than
CB animals, we would expect lower levels of fear/anxiety and
hiding: individuals would (2a) spend more time in the light
compartment of the lightedark box, (2b) show shorter latencies to
re-enter the light compartment after their first entry into the dark
compartment, (2c) have reduced corticosteroid levels and (2d)
spend less time in their nestboxes during peak activity times.
Furthermore, if these effects were related to the lower incidence of
SB in WC mice, we would expect reduced fear/anxiety in all non-
stereotypic individuals. (3) In contrast, if aversive emotional states
were suppressing SB by inducing inactivity, we would expect WC
animals to be more fearful/anxious and less active (corollaries of
predictions 2aec above) and, again, if such responses were related
to the low SB of WC mice, we would also predict nonstereotypic
animals in general to have higher anxiety, lower activity and to
spend more time hiding/being inactive. Similar to prediction (1), if
either predictions (2) or (3) were correct, wewould also expect that
any birth origin effects on these variables would disappear if we
included SB as a categorical predictor in the statistical model.

Methods

Study subjects and housing
First, to assess group differences in behaviour and physiology

between WC and CB striped mice, we used all 26 WC striped mice
from experiment 1, and a random subsample of 14 of their F1 CB
offspring (eight stereotypic, six nonstereotypic; data set 1). This
data set, however, did not allow us to tease apart the relative
correlates of birth origin and SB because only one WC mouse was
stereotypic. We therefore created a second data set, for which we
generated a larger sample of WC individuals that included all
striped mice trapped subsequent to the first cohort and that
developed SB (N ¼ 4). This data set, 2, thus comprised five stereo-
typic and 25 nonstereotypic WC animals. Sample sizes were ulti-
mately unbalanced as, while we sought to use all available animals,
we were also constrained by the number of individuals that were
available to keep for prolonged periods in captivity and/or not
being used in other projects, as well as the number of suitable WC
animals trapped after experiment 1.

We collected all data when WC mice were about 15 months old
(based on their body size, we assumed thatWC individuals were on
average 3months old when captured), andwhen the age of CBmice
ranged between 13 and 16 months. Housing conditions were
identical to those described in experiment 1.

Procedure
Behavioural datawere collected from testing in two apparatuses

(four-arm maze and lightedark box) and from home cage obser-
vations. Test sessions took place between 0700 and 1100 hours,
during which time Rhabdomys is most active (Pillay 2000).
A minimum of 24 h was allowed between sessions. All apparatuses
were illuminated from above with fluorescent lighting, and the
sessions were recorded by a video camera positioned directly above
the apparatuses or to the side of the home cage. The apparatuses
were cleaned between tests, using soap and water. Video record-
ings were scored using Observer 5.0 (Noldus Information Tech-
nology, Wageningen, The Netherlands).

Four-arm maze. The four-armmaze consisted of four enclosed arms
(7.5 � 7.5 cm and 15 cm high), constructed from clear PVC, con-
nected to a central area (10 � 10 cm and 20 cm high). A subject was
placed into the central area, and its behaviour recorded for 10 min.
The frequency of arm entries was recorded as a measure of loco-
motor activity. We followed the methods of Hli�nák & Krej�ci (2006)
to calculate spontaneous alternation scores, defining an SAB score
for a series of four-arm entries (a tetrad) as the ratio of actual arms
entered to the possible number of arms that could have been
entered. Thus, in the arm entry sequence 12342.234, an alterna-
tion score for each tetrad was calculated as follows: for the first
tetrad (12342.234), the mouse entered four different arms out of
a possible four, giving an alternation score of 4/4 ¼ 1; for the second
tetrad (12342.234), it entered three arms out of a possible four,
and hence scored 3/4 ¼ 0.75, with the last three entries of the
sequence (12342.234) not being considered because these did not
constitute a complete tetrad. Total SAB scores for the trial were
calculated by averaging SAB scores across all tetrads in a sequence,
with low overall scores representing a tendency to enter a more
restricted number of arms and to make more repeat visits of the
same arm.

We used sequential analysis to assess the predictability of
a striped mouse entering a particular arm following entry into
another particular arm. For example, a striped mouse might have
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the sequence 1234123412341234, repeating the same pattern of
arm entries, yet would be judged, using spontaneous alternation, as
not perseverating (all tetrads would receive a score of 1). Sequential
analysis, however, can detect this form of perseveration by
assessing whether one behavioural element is more or less likely
than chance to follow another behavioural element (see Van Hooff
1982). For each individual, the sequence of arm entries was coded
into transition matrices with the current behavioural element (an
entry into one of the arms) represented in the columns and
the preceding arm entered represented in the rows. Using the
software Matman (Noldus Information Technology), we calculated
the adjusted residuals (i.e. differences between observed and ex-
pected values for each transition frequency) for each matrix and
then used the generated c2 value for each matrix as an index of
routine formation (the higher the c2 value, the more predictable
amouse’s pattern of arm entry; thus unlike the SAB score, here high
scores mean more predictable). One individual (WC, non-
stereotypic female) was excluded from SAB and SA analysis because
she remained in one arm for the entire trial, precluding score
calculation.

Lightedark box. The lightedark box comprised a glass tank divided
in half (each half 30 � 22.5 cm and 30 cm high with three venti-
lation holes in the Perspex lid); the two halves were connected by
a 6 � 6 cm opening on the floor of the tank. One half of the tank, the
dark compartment, had black walls and lid; the other half, the light
compartment, had clear walls and lid. A subject was placed in the
light compartment facing away from the opening into the dark
compartment, and its behaviour recorded for 5 min. We scored the
proportion of time in the dark compartment and the latency to
return to the light compartment after first entry into the dark
compartment.

Home cage observations. Subjects were videorecorded in their
home cage for 40 min per day for 3 consecutive days. From the
recordings, we observed the behaviour of subjects over two 10 min
periods (at minutes 5e15 and 25e35), scoring the following
behaviours: time spent in the nest (inside the nestbox, usually
inactive, resting or sleeping); time spent outside the nest (activity
outside the nestbox, excluding SB); and also total duration of SB (SB
being defined in experiment 1). We did not consider inactivity
outside the nestbox because this was very rarely seen. We also
assessed the forms of SB shown by WC and CB striped mice since
previous work in passerine birds has shown this to differ between
CB and WC individuals (Keiper 1969).

Faecal corticosterone metabolites. Individual faecal samples were
collected between 0800 and 1000 hours (timing of collection was
standardized to minimize variation caused by fluctuation in circa-
dian corticosterone production; Touma & Palme 2005). To collect
Table 2
Behavioural and physiological results and analyses for CB and WC striped mice from dat

Results: median value (1st and 3rd qua

CB (N¼14) W

SAB score 0.83 (0.79, 0.86) 0.8
SA chi-square 25.00 (19.30, 29.90) 18
Time in dark compartment (%) 47.70 (39.56, 52.67) 64
Latency to emerge (s) 14.78 (8.35, 21.81) 36
Faecal corticosterone (mg/ml) 7.52 (6.76, 8.08) 8.5
Frequency of arm entries 75.50 (59.50, 111.75) 45
Time in nestbox (%) 67.62 (35.62, 83.63) 98
Home cage activity (%) 32.39 (16.37, 64.38) 1.5

A low SAB score means more perseverative behaviour, whereas a low SA chi-square me
a sample, a striped mouse was transferred from its home cage into
a clean plastic container where it remained until five faecal pellets
had been collected or 1 h had elapsed, whichever occurred sooner.
The sampling period was time limited to avoid the stress of the
procedure contaminating the sample (e.g. Touma et al. 2003, 2004;
Latham & Mason 2010); rodent faecal samples usually represent
plasma levels of unbound hormone at least 4 h earlier (Touma et al.
2003). The procedure was repeated the following week if insuffi-
cient pellets were collected. Samples were frozen immediately after
collection, and later sent for analysis to Gordon Laboratories
(Sedgefield, Stockton-on-Tees, U.K.). In total, samples were ana-
lysed for all 14 CB mice (eight stereotypic, six nonstereotypic) and
17 WC mice (five stereotypic, 12 nonstereotypic; samples were
unfortunately not collected from the remaining 13 WC individuals
since these animals had been euthanized prior to the approval of
this part of the experiment).

Data analysis
Data were analysed in general linear models (GLMs) or gener-

alized linear models (GLZ). For data set 1, we compared group
differences in behaviour and physiology using logistic models with
birth origin and sex as categorical predictors. To investigate indi-
vidual correlates of SB (data set 2), we similarly used logistic
models, but this time included birth origin, sex and SB status as the
categorical predictors. For the quantitative SB data on home cage
time budgets, further analyses were run to compare how time
consuming SBs were in WC and CB striped mice (we included birth
origin as the categorical predictor and how time-consuming SBs
were in stereotypic striped mice as the dependent variable; non-
stereotypic individuals were excluded) and to assess the relation-
ship between our two measures of perseveration (SAB and SA) and
how time consuming SBs were.
Results

Birth origin effects on behaviour and physiology
Summary data and results from statistical analyses of the two

groups, WC and CB, in data set 1 are given in Table 2. Overall, CB
striped mice were more perseverative than WC individuals: in the
four-armmaze, birth origin was a significant predictor of SA scores,
with CB individuals entering the arms in a more predictable
sequence than WC animals (thus having higher scores). CB striped
mice also showed a strong trend towards having lower SAB scores,
indicating more repeated entries into a limited number of maze
arms. We found no effect of sex on either SA or SAB scores.

Compared with CB striped mice, WC individuals spent more of
the trial in the dark compartment of the lightedark box, and took
longer to emerge from the dark compartment after first entry into
it. Sex did not predict the proportion of time spent in the dark or of
the latency to emerge therefrom. Corticosterone metabolite levels
a set 1

rtiles) Analyses: Wald c2
1 (P)

C (N¼26) Birth origin Sex

7 (0.84, 0.88) 3.485 (0.062) 0.095 (0.758)
.50 (16.30, 22.10) 8.469 (0.004) 0.738 (0.390)
.62 (52.21, 75.31) 13.840 (<0.001) 0.330 (0.565)
.03 (24.53, 62.51) 377.986 (<0.001) 0.027 (0.869)
1 (7.95, 9.82) 5.480 (0.019) 3.710 (0.054)
.50 (32.00, 66.75) 7.892 (0.005) 0.050 (0.823)
.40 (83.83, 100.00) 7.434 (0.006) 1.380 (0.240)
6 (0.00, 16.16) 7.434 (0.006) 0.349 (0.560)

ans less perseverative behaviour. Significant differences are indicated in bold type.
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were significantly higher in WC than CB mice, and tended to be
higher in females than inmales. In the home cage, WC stripedmice,
irrespective of sex, spent more time in the nestbox. In both the
home cage and the four-arm maze, WC individuals were also less
active than CB individuals. Neither of the activity measures was
influenced by sex, but time in the nest was significantly
predicted by the proportion of time in the dark compartment of the
lightedark box.

Individual correlates of SB
In the analyses of data set 2, we tested whether these between-

group differences in perseveration, anxiety/fear and home cage
activity were related to individual susceptibilities to stereotype.
When we examined the concurrent effects of birth origin and
stereotypy status on perseveration, the main effect of birth origin
disappeared, and stereotypic status was a strong predictor of both
SA (Wald c2

1 ¼ 9.45, P ¼ 0.002) and SAB scores (Wald c2
1 ¼ 10.99,

P < 0.001; Fig. 1a, b). In both cases, stereotypic individuals were
more perseverative than nonstereotypic animals. The analysis of SA
scores also revealed a significant interaction of birth origin and
stereotypic status (Wald c2

1 ¼ 4.25, P ¼ 0.039): while stereotypic
mice always showed more predictable sequences of arm entry, this
effect was particularly pronounced in WC stereotypic mice.

When quantitative SB time budget data were analysed (non-
stereotypic striped mice being excluded from these analyses), birth
origin was a significant predictor of the severity of SBs (Wald
c2
1 ¼ 8.01, P ¼ 0.005): the few stereotypic WC mice actually had

more time-consuming SBs than WC conspecifics, spending around
76.32% (45.40, 77.26%; median, 1st and 3rd quartiles) of their time
engaged in SB, compared with 23.93% (13.05, 31.51%) of stereotypic
CB striped mice. SB forms observed in WC striped mice were also
less diverse than in CB animals: all fiveWC individuals were circuit-
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Figure 1. Perseveration in the four-arm maze. (a) Sequential analysis chi-square.
(b) Spontaneous alternation score. CB¼ captive-born; WC ¼ wild-caught; NS¼ nonster-
eotypic; S ¼ stereotypic. The same alphabet letters denote groups that are not significantly
different. Bars ¼median; whiskers ¼ 1st and 3rd quartiles.
runners, whereas stereotypic CB striped mice showed a greater
intra- and interindividual diversity of SBs such as windscreen
wiping and prelooping in addition to circuit running. The time
spent stereotyping, like the incidence of SB, was predicted by SA
scores (Wald c2

1 ¼ 3.918, P ¼ 0.048) but not, however, by SAB (Wald
c2
1 ¼ 1.531, P ¼ 0.216). That is, the striped mice that had the most

time-consuming SBs also had the highest SA scores, thus showing
greater perseveration in the four-arm maze.

For measures of fear/anxiety, however, the main effect of birth
origin persisted in data set 2 and with SB status as a categorical
predictor: WC individuals thus spent a greater proportion of the
trial in the dark compartment (Wald c2

1 ¼ 7.88, P ¼ 0.005; Fig. 2a),
took longer to emerge from the dark compartment after first entry
into it (Wald c2

1 ¼ 10.71, P ¼ 0.001; Fig. 2b) and, regardless of
stereotypy status, had higher levels of faecal corticosterone
metabolites (Wald c2

1 ¼ 4.78, P ¼ 0.029; Fig. 3). Correspondingly,
the time devoted to SB in stereotypic mice was also unrelated to
these measures of anxiety/stress.

In contrast, activity level in the four-arm maze was significantly
predicted by SB status in analyses of data set 2, with stereotypic
animals, irrespective of birth origin, having a higher frequency of
arm entries than nonstereotypic striped mice (Wald c2

1 ¼ 9.12,
P ¼ 0.003; Fig. 4a). Home cage activity was also similarly related to
stereotypy status: both CB and WC stereotypic striped mice spent
more time active than their nonstereotypic counterparts (Wald
c2
1 ¼ 18.00, P < 0.001; Fig. 4b). In terms of nestbox use, stereotypic

WC striped mice also spent the least amount of time in the nestbox,
followed by stereotypic CB striped mice, nonstereotypic CB striped
mice and, finally, nonstereotypic WC mice (birth origin*stereotypy
status: Wald c2

1 ¼ 7.73, P ¼ 0.005; Fig. 4c).
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Figure 2. Anxiety/fearfulness in the lightedark box. (a) The percentage of time spent
in the dark compartment. (b) Latency to first emergence from the dark compartment.
CB ¼ captive-born; WC ¼wild-caught; NS ¼ nonstereotypic; S ¼ stereotypic. The same
alphabet letters denote groups that are not significantly different. Bars ¼median;
whiskers ¼ 1st and 3rd quartiles.
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Figure 4. Measures of activity. (a) Frequency of arm entries in the four-arm maze.
(b) The percentage of active time in the home cage (median, 1st and 3rd quartiles). (c)
The percentage of home cage time in the nestbox (median, 1st and 3rd quartiles).
CB ¼ captive-born; WC ¼ wild-caught; NS ¼ nonstereotypic; S ¼ stereotypic. The same
alphabet letters denote groups that are not significantly different. Bars ¼ median;
whiskers ¼ 1st and 3rd quartiles.
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Discussion

On a group level, the behavioural and physiological profiles of
WC and CB randomly selected stripedmice differed in several ways.
WC striped mice were less perseverative in the four-arm maze,
more fearful/anxious in the lightedark box, had higher circulating
levels of the unbound (thus active) stress hormone corticosterone,
as inferred from faecal metabolites of the hormone, and were less
active in both the four-arm maze and in the home cage. Because
time hidden in the nestbox during the peak activity period was also
significantly predicted by the proportion of time spent in the dark
compartment of the lightedark box, we suggest that the extreme
inactivity of WC striped mice is a result of fear. When we assessed
individual susceptibility to stereotype by accounting for SB status
(and using our second data set, which oversampled stereotypic WC
mice to permit statistical analysis), birth origin remained a signifi-
cant predictor of anxiety/fear, but differences between CB and WC
striped mice in terms of activity and perseveration disappeared,
with these variables better accounted for by the stereotypic status
of the animals. Thus the lowactivity levels and low perseveration of
WC animals were statistically associated with their low SB, while
their higher stress levels were associated with their birth origin but
not stereotypy status. Furthermore, when we assessed the severity
of SB from time budget data, similar patterns emerged: striped
mice with the most time-consuming SBs were also the most per-
servative under test (as measured using SA).

Our findings hence support our first prediction that subjects
maturing in the wild have greater behavioural flexibility and are
less likely to perseverate than CB conspecifics, and that such
effects are indeed related to low/absent SB. Thus, although all
stereotypic subjects, irrespective of birth origin, were more
inclined to form routines than nonstereotypic subjects, the
markedly lower incidence of SB in WC striped mice was
accounted for by the much higher proportion of WC than CB
striped mice benefitting from enhanced behavioural flexibility.
Our results did not, in contrast, support our second prediction
that WC striped mice would adjust better to captivity than CB
animals. Instead, WC striped mice were generally more anxious/
fearful than their CB counterparts. While it can be argued that
anxiety/fearfulness is an adaptive trait under natural conditions,
in captivity, where there is no danger of predation, WC animals
continually experiencing their environment as threatening
(because of their early experience) indicates a problematic ani-
maleenvironment misfit and can thus be considered a malad-
justment. Overall, our results confirm the pattern outlined in the
Introduction in which WC animals have poorer welfare than CB
conspecifics. There did not appear to be a direct statistical link
between this heightened anxiety/fear and the prevention of SB
evident in WC animals (in contrast to prediction 3). The elevated
SB of those few WC mice that performed this behaviour was an
interesting, but unexpected result, and is considered further in
the General discussion.

In summary, our results identify specific correlates of the birth
origin effect on SB development, which in turn hint at the
mechanisms possibly underpinning these birth origin effects on
SB, an issue we return to in the General discussion. However, they
do not indicate approximately when during development birth
origin exerts its enduring influence. Is it sufficient simply to be
conceived or gestated in the wild, or do animals additionally need
to grow up in the complexity of natural conditions? For example,
some studies of environmental enrichment suggest that the brain
needs to mature in a complex environment to reap its benefits
fully (e.g. Lewis et al. 2006). In experiment 3, we therefore
retrospectively analysed historical data to tackle this final
question.
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Figure 5. The percentage of juvenile and adult female and male WC striped mice that
developed stereotypic behaviour after 4 weeks of captive housing.
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EXPERIMENT 3: AGE AT CAPTURE

To characterize further the birth origin effects and test whether
the effects of being WC on SB were acquired prenatally or post-
natally, we retrospectively analysed past laboratory records to
investigate effects of age at capture on the development of SB. This
approach allowed us to obtain data from a large sample size of WC
striped mice without any extra trapping. We hypothesized that age
at capture would influence the susceptibility of striped mice to SB
development for two interrelated reasons. First, social and physical
deprivation early in life is known to affect an organism’s brain and
behavioural development more adversely than deprivation later in
life (Max et al. 2010) and, second, an increased duration of exposure
to environmental complexity is thought to confer greater and more
lasting protection against later adversity (Nithianantharajah &
Hannan 2006; cf. Lewis et al. 2006). We accordingly predicted
that juvenile-caught stripedmice would showa higher incidence of
SB than adult-caught animals.

Methods

Study subjects and housing
We collated and analysed data from WC striped mice trapped

and observed in N.P.’s laboratory over the past two decades
(N ¼ 204), dividing these data into animals trapped as juveniles
(N ¼ 103) and those trapped as adults (N ¼ 101). These stripedmice
were trapped in four grassland localities in South Africa as part of
various socioecological studies between 1993 and 2001: Alice
(Eastern Cape; 32�460S, 26�520E); Kamberg (KwaZulu-Natal;
29�230S, 29�420E); Suikerbosrand (Gauteng; 26�310S, 28�180E); and
Irene (Gauteng; 25�200S, 28�90E). Striped mice used in this study, in
accordance with husbandry protocols during this period, were
housed in standard Labotec cages (see experiment 1) provisioned
with a grass mixture as nesting material.

Procedure
Immediately after trapping, striped mice were sexed and

weighed, and their age was assessed by examining the appearance
and/or size of the testes or vaginal opening. Using these parame-
ters, we divided our sample into juvenile-caught mice (<30 g;
nonscrotal/nonperforate) or adult-caught mice (>40 g; scrotal/
perforate; De Graaff 1981). Striped mice weighing between 30 and
40 g were excluded to eliminate individuals whose age class was
uncertain (about 10% of the sample). Four weeks after capture (by
which time all juvenile-caught striped mice were adults), individ-
uals were assessed using this laboratory’s standard protocol at that
time for the absence/presence of SB over a 5-day period (one
15 min observation session per day) as described in experiment 1.
Although the WC mice used in this study were not monitored for
the development of SB after this observation phase, we have only
once incidentally observed aWC striped mouse developing SB later
than 4 weeks after capture (unpublished data; also see experiment
1), and so this protocol should classify age class accurately.

Data analysis
We analysed these categorical data using logistic regression

with a binomial logit function, including sex, trapping locality, age
class and sex*age class as categorical predictors, and SB status as
the dependent variable.

Results

There were no overall effects of sex (Wald c2
1 ¼ 0.37, P ¼ 0.54) or

trapping locality (Wald c2
1 ¼ 3.95, P ¼ 0.27) on SB. However, age at

capture significantly predicted the development of SB (Wald
c2
1 ¼ 26.51, P < 0.001): 55% of juveniles developed SB compared

with only 19% of adults, but there was a significant age*sex inter-
action (Wald c2

1 ¼ 5.71, P ¼ 0.017) because males were more
affected by age at capture than females (Fig. 5). When we rean-
alysed the data separately for males and females, age class at
capture remained a significant predictor of SB development in both
sexes (males: Wald c2

1 ¼ 25.58, P < 0.001; females: Wald c2
1 ¼ 4.28,

P ¼ 0.039).

Discussion

As predicted, birth origin effects were mediated by age at
capture: the incidence of SB was significantly lower in adult-caught
striped mice than juvenile-caught individuals (19% versus 55%),
with juvenile-caught striped mice displaying an incidence of SB
similar to that of CB individuals (55% versus 57%). It appears that an
extended period of early environmental complexity is thus neces-
sary to protect striped mice against SB development, with the
beneficial effects of birth origin accruing predominantly post-
natally. Unexpectedly, male juvenile-caught striped mice were
more severely affected by early removal from the wild than female
juvenile-caught individuals, possibly reflecting a differential
impact of captivity on juvenile males and females.

GENERAL DISCUSSION

As in most other species of wild animals studied to date (see
Introduction), our findings showed that WC striped mice were less
likely to develop SB than CB conspecifics. Unique to this study,
however, was our use of CB andWC stripedmice that had been kept
in the same laboratory which allowed us to investigate the asso-
ciated correlates of birth origin on SB, with potential implications
for all captive wild species kept and bred in laboratories, zoos and
breeding centres. The better understanding of these birth origin
effects is important for a number of reasons. First, SB and its
correlates reflect profound alterations in behaviour, and perhaps
even indicate atypical CNS development in CB wild animals
compared to their WC counterparts. This has implications for the
validity of ethological studies using CB animals to model behav-
ioural processes in WC animals and, moreover, could impact on the
success (or otherwise) of captive-breeding and release pro-
grammes. Second, although the absence of SB typically indicates
conditions associated with good welfare (e.g. Mason & Latham
2004), the low levels of SB seen in WC animals seem to represent
an important exception to this general ‘low SBegood welfare’ link.

Our analyses showed that striped mice had to reach adulthood
in the wild to achieve maximal protection against SB development.
Here, sex played an interactive role, with juvenile males four times
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as likely to develop SB as WC adult males, while females were only
twice as likely to become stereotypic if caught as juveniles rather
than as adults. In consequence, juvenile-caught males were more
stereotypic than both juvenile-caught females and wild-caught
adults of either sex, and were even as prone to becoming stereo-
typic as CB animals. These findings suggest that both age at capture
and sex may be important determinants of the behavioural
phenotype of WC animals in laboratories, zoos and conservation
breeding centres. Furthermore, since all the striped mice, even
juvenile-caught, were captured post weaning age (after which time
grassland striped mice are solitary; Schradin & Pillay 2005), this
suggests that the physical aspects of environmental space and
complexity, and/or an extended period of autonomous decision
making, may underlie the effects of birth origin and not, for
instance, that of the premature loss of parental care (a common
confound in other CBeWC comparisons; Mason 2006; Latham &
Mason 2008).

Instead of being stereotypic, WC striped mice were extremely
inactive within their home cages, spending most of their time in
their nestboxes when they otherwise would be expected to be
active. Similar high levels of inactivity or being out of sight within
an enclosure are commonly reported in many species kept in zoos
(e.g. Meyer-Holzapfel 1968; Altman 1999), and our findings now
suggest this may be a particular problem in WC animals. Because
WC mice were also more stressed and fearful, and because there
was a significant association between time in the nestbox and
separate behavioural measures of fear, these results also suggest
that this extreme inactivity may well be a manifestation of poor
welfare In addition, the few WC striped mice to develop SBs
showed two notable characteristics. First, they developed only one
form of SB, circuit running, while CB animals displayed a greater
variety of SBs. Second, the stereotypic WC striped mice devoted
significantly more time to SB than their stereotypic CB peers. Thus,
when WC striped mice stereotyped, the SBs appeared to be more
severe and perhaps more frenetic, a phenomenon now needing
investigating in other captive wild species. The exclusive use of
circuit running by WC striped mice was unexpected, but could
reflect a greater a priori physical fitness than in CB animals and/or
frustrated ranging; free-ranging grassland striped mice have home
ranges of about 1000 m2 (Schradin & Pillay 2005), some 16 000
times bigger than the laboratory cages, and frustrated ranging
opportunities have been shown to underpin locomotor stereoty-
pies in the Carnivora (Clubb &Mason 2003, 2007). In passerine bird
species, WC individuals displayed a similar preference for route-
tracing SBs over other forms of SB such as ‘spot picking’ (Keiper
1969).

Our investigations of perseveration, fear/anxiety and activity
revealed substantial effects of birth origin, with some, but not all
variables correlating with SB and so reflecting potential mediators
of the link between birth origin and of SB development. The
clearest correlate of SB that might account for the effect of birth
origin was perseveration. Thus on a group level, WC striped mice
showed more flexible patterns of arm entry in the four-arm maze
but, when we controlled for SB, the effect of birth origin dis-
appeared: stereotypic striped mice, regardless of birth origin, were
more perseverative than their nonstereotypic counterparts. Scores
on one of our measures of perseveration, SA, also predicted the
duration of time engaged in SB. These behavioural results thus
suggest that, like deprivation-reared primates, and like deer mice
developing in standard versus enriched housing conditions (Lewis
et al. 2006; Latham & Mason 2008), forebrain development is
altered in CB animals in a manner that decreases both behavioural
flexibility and the ability to inhibit inappropriate behavioural
repetitions, with perseveration and SB being two outcomes of such
a change. A second factor associated with SB was activity.
Stereotypic striped mice were, as discussed, more active than
nonstereotypic individuals, an observation agreeing with findings
in other animals (e.g. bank voles) in which enhanced rates of
behavioural initiation are thought to predispose both hyperactivity
and SB (Garner & Mason 2002).

The regional activity of specific forebrain areas (candidates
include the motor cortex, striatum, nucleus accumbens and thal-
amus) should now be identified using such techniques as phar-
macological probes (e.g. Schoenecker & Heller 2000; Presti et al.
2003) or post mortem histology, for instance for dendritic
branching or metabolic activity (via cytochrome oxidase staining;
e.g. McBride & Hemmings 2005; Lewis et al. 2006). Our results
suggest altered striatal function in CB mice compared to WC mice;
they predict changes in such regions that predate the emergence of
SB and also predict correlational associations between the magni-
tude of such effects and perseveration and SB scores. Such studies
might similarly help explain the way the age-at-capture effect
interacted with sex, since the trajectories of brain maturation in
human children and adolescents are influenced by sex, with
maltreatment-induced abnormalities in brain development more
common in males, possibly because of hormonally driven differ-
ences in dendritic arborization, pruning and myelination (De Bellis
et al. 2001). One remaining question here, however, is whether
the better predictor of SB development is (1) the effect of age at
capture (and the developmental stage of the CNS), (2) the duration
of time spent in the wild or (3) both of these. Additional further
studies would be necessary to tease apart these confounding
variables and thus the effects of sex, developmental stage, age and
early environmental risk factors on the predisposition to
stereotype.

Despite SB usually indicating group-level poor welfare (see
Introduction), the fact that WC striped mice were less stereotypic
than CB animals did not necessarily mean that they had better
welfare. In fact, as summarized above, WC individuals (irrespective
of SB status) were more anxious/fearful than CB striped mice in
behavioural tests, and they had higher circulating levels of corti-
costerone. Thus, the virtual absence of SB in WC animals might be
an important exception to the ‘low SBegoodwelfare’ rule of thumb.
The very low activity levels of WC striped mice seemed to be an
alternative behavioural response to adverse captive conditions.
Future work should investigate more fully whether this inactivity
reflects (1) fear-mediated hiding in the nestbox (for instance using
tests in which fear cannot be confounded with activity, or nest-
boxes that vary in the degree of cover they offer) or (2) depression-
related ‘apathy’, a hypothesis that could be assessed by running
tests for anhedonia (e.g. Willner et al. 1996) in CB versus WC
animals and investigating its links with home cage inactivity. A
third sign of reduced welfare in WC animals is that the few WC
striped mice that did stereotype did so at significantly higher levels
than seen in CB mice. This suggests that they may be more frus-
trated by the confines of captivity than animals born into it and
that, for those few individuals susceptible to SB development
because of their perseverative tendencies, this frustration exacer-
bates the performance of SBs. Any subsequent work should there-
fore also test directly for differences in motivational frustration
between WC and CB individuals (as has been done between
previously enriched laboratory mice and their standard-housed
counterparts; Latham & Mason 2010), and for the relationships
between SB and frustration within these two groups.

In conclusion, our results show that WC striped mice, provided
they are trapped as adults, are typically protected from the devel-
opment of SB when captive housed and are also less perseverative
under test, suggesting intact forebrain function. WC striped mice
(whether stereotypic or not) none the less adjust more poorly to
captivity than those animals born into it. These results suggest that
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striped mice are a promising species in which to investigate the
neurological mechanisms underpinning the pervasive effects of
birth origin, and indicate the need for further investigations in
other species to test, for instance, whether and howbirth origin and
age at capture, inactivity, welfare and captive conditions interact to
shape phenotype. Finally, given the likely role of physical envi-
ronmental complexity in mediating behavioural flexibility via
influencing forebrain development, it may well also be worth
considering on ethical grounds whether enriched-reared CB striped
mice would be better suited subjects for such experiments, thus
minimizing the need for future trapping and use of highly anxious/
fearful WC animals.
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