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ABSTRACT
Personality, as a suite of correlated behavioural traits, has a genetic basis. Therefore, it is likely
that selection for one trait leads to co-selection for other traits. We tested the association
between aggressiveness and emotionality by measuring proactive/reactive coping with a non-
social environmental challenge and exploration of a novel environment, in lines of mice (Mus
musculus) selected for high and low aggression, namely SAL, LAL, TA, TNA, NC900, and
NC100. We expected highly aggressive lines to show high levels of boldness, active coping and
low levels of exploration, since these individuals would be better adapted to becoming domi-
nants through fighting in their deme rather than to dispersal to found new colonies, and vice
versa for the low-aggressive lines. The results show that, overall, high aggressiveness was
related to greater mobility in the Novel Object and Shock Prod tests, while no association was
found between aggressiveness and coping in the Forced-Swim test. Exploration levels in an
Open Field were associated with low aggressiveness in the SAL-LAL lines, and with high aggres-
siveness in the TA, TNA, NC900 and NC100 lines. In conclusion, selection for high aggressive-
ness led to co-selection for boldness, while selection for low aggressiveness led to co-selection
for fearfulness and, depending on the original strain, for high and low exploration levels. 
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INTRODUCTION

Mouse populations, like those of other animals, show individual differences in
behavioural and physiological traits (Benus et al., 1991b; Koolhaas et al., 2007).
These traits have a genetic basis and are apparently the product of natural selec-
tion. However, there are differing views on the adaptive nature of behavioural
traits. Some behavioural traits may be co-selected and result in adaptive ‘pack-
ages’, consistent across contexts and stable throughout the life of an individual
(Sih et al., 2004a; Wolf et al., 2007). Alternatively, selection of adaptive traits
might result in the co-selection of less adaptive traits as by-products of genetic
correlations that act as constraints (Arnqvist and Henriksson 1997). Furthermore,
constraints might be found already at the physiological level (Koolhaas et al.,
1999; Stamps, 2007).  This paper will further analyze the general pattern of
behavioural traits that are co-selected with aggression, using a comparison of three
mouse strains genetically selected for high and low levels of aggressive behaviour.

A growing body of evidence has pointed to the existence of behavioural ‘pack-
ages’, or personalities, that constitute the basis for individual differences.
Although there is growing consensus on the existence of similar behavioural
phenotypes across species and across populations, some behavioural traits might
vary along distinct axes. For example, rodent personalities have been described in
terms of a coping axis and an emotionality axis (Steimer and Driscoll 2003;
Koolhaas et al., 2007). Moreover, suites of correlated traits have been described
using different terms with very similar meanings. The term ‘behavioural
syndromes’ has been proposed to represent collections of stable correlated traits
(Sih et al., 2004b), while ‘coping styles’ gives the functional adaptive connotation
of being able to cope with challenging situations (Koolhaas et al., 1999).
‘Temperament’ is a more general term that takes into account the repeatability of
objectively measurable behaviours and their early onset in the life of an individual
(Reale et al., 2007). Beside these more technical terms, ‘personality’ is the
preferred one in the human literature, where it was first used.

Laboratory studies in biomedical research have often neglected the existence
of personalities in their mouse populations. However, recent studies show that
there are individual differences in the vulnerability to diseases and in the response
to pharmacological treatments, and that in several cases these differences are
related to different personalities (Mehta and Gosling 2008). Moreover, in the
study of human aggression, it is worth mentioning that aggressiveness may be
typical of certain personalities (Ramirez and Andreu 2006) and differential neuro-
biological mechanisms may be behind these relationships (Siever, 2008). In non-
human populations, aggressiveness is often correlated with proactive coping,
boldness, risk-taking behaviours, fearlessness and low levels of activity/explo-
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ration (Koolhaas et al., 1999; Groothuis and Carere 2005; Dingemanse et al.,
2007). In human populations, aggressiveness is expressed either with an impul-
sive/affective connotation or within a social-cognitive/instrumental dimension. In
the five-factor model of personalities (Digman, 1990), aggressiveness is particu-
larly associated with high neuroticism/low agreeableness. Aggressive behaviour is
expressed in a cold-blooded manner in people with high trait aggression/irri-
tability, while it is expressed under provocation in people with high trait anger,
Type A personality, rumination traits, emotional susceptibility, narcissism and
impulsivity (Bettencourt et al., 2006). In conclusion, studying correlations
between behavioural traits in animal models, and therefore aiming at a better
behavioural characterization of individual differences, may have important trans-
lational implications in human research.

Pairs of genetic mouse lines artificially selected for high and low aggressive-
ness from different original populations give a unique opportunity for investi-
gating the functional association between aggression and other behavioural traits.
The highly aggressive SAL (Short Attack Latency) and the low-aggressive LAL
(Long Attack Latency) lines were selected on the basis of attack latency against a
conspecific male intruder from a colony of wild-trapped house mice in the area of
Groningen, the Netherlands (van Oortmerssen and Bakker 1981). The TA (Turku
Aggressive) and TNA (Turku Non-Aggressive) lines were obtained on the basis of
ratings of aggressiveness against a male conspecific from outbred Swiss Webster
mice at the University of Turku, Finland (Lagerspetz, 1961). The NC900 and
NC100 high- and low-aggression lines were selected based on aggressiveness
ratings in male-male competition from ICR mice at the University of North
Carolina, USA (Cairns et al., 1983). The SAL-LAL lines have been characterized
extensively in their proactive/reactive alternative coping styles, with links to their
neurobiological and neuroendocrine profiles (Koolhaas et al., 1999; Veenema et
al., 2005a). In the other lines, a behavioural characterization based on alternative
active/passive coping, without attempting to describe alternative personalities,
seems to point in the same direction observed in the SAL-LAL lines (Gariepy et al.,
1988; Kvist, 1989; Ewalds-Kvist et al., 1997; Bauer and Gariepy 2001;
Vekovischeva et al., 2007b). Exploratory behaviour and motor activity showed a
negative association with aggressiveness in the SAL-LAL lines (Veenema et al.,
2003a) and a positive association in the TA-TNA lines and NC-lines (Selander and
Kvist 1991; Hood and Quigley 2008).  

This study was designed to unravel the association between trait aggression,
boldness, fearfulness, proactive/reactive coping and exploration in male mice. We
defined trait aggression as the propensity of a male to attack an age-matched
male intruder in his own territory.  Boldness was the propensity to approach and
explore a novel object. Proactive coping was defined as the capacity to avoid a
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shock from an electrified probe by covering it with bedding material, as reviewed
in de Boer and Koolhaas (2003), as opposed to reactive/passive coping, which is
characterized mainly by immobility. Across all these tests, immobility was taken as
an index of fearfulness. Emotionality was defined as the exploration levels or
inactivity in a large novel arena, which was intended to mimic the situation of a
novel and potentially risky environment to explore in order to found a new
colony. We aimed to replicate findings previously obtained in the SAL-LAL model
of proactive/reactive coping and extend those to the TA-TNA and NC900-NC100
models of aggression. Based on previous research and on the idea that docile mice
are better suited to leave their original colonies and disperse, we expected the
highly aggressive lines SAL, TA, and NC900 to be bolder and proactive, and the
low-aggressive lines LAL, TNA, and NC100 to be more cautious.

METHODS

Animals
Male mice (n=30) from the SAL, LAL, TA, TNA, NC900 and NC100 lines were
used in this experiment. The mice were bred in our laboratory at the Biological
Center, University of Groningen, Haren, the Netherlands, and weaned at 21 days
of age.  At around 40 days, each male mouse was housed with a sister, to avoid
social isolation and intrasexual aggression, in Makrolon® Type II cages furnished
with food shavings as bedding material, shredded paper EnviroDry® (BMI,
Helmond, Netherlands) for nesting and a cardboard tube as cage enrichment. The
mice had ad libitum access to food (AMII, ABdiets, Worden, The Netherlands)
and water and were kept under standard laboratory conditions, at a temperature
of 22 ± 2 °C and on a 12:12 light-dark cycle (lights on at 21.00). The tests started
when the mice were 3 months old and consisted of the following behavioural
tests: Attack Latency/Resident-Intruder, Novel Object, Shock Prod, Forced-Swim,
Open Field (see below for detailed explanation of each test). The tests were
conducted in the dark phase in the aforementioned order. At the end of the exper-
imental session the mice were euthanized with a mixture of CO2/O2.

All the procedures were carried out at the Biological Center, University of
Groningen, Haren, the Netherlands, under approval of the Institutional Animal
Care Committee of the University of Groningen (licence D4540D) and in compli-
ance with the Dutch law on animal experimentation and the European
Communities Council Directive of 24 November 1986 (86/609/EEC).

Attack Latency/Resident-Intruder
The resident-intruder test was performed according to standard procedures.
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Briefly, two days prior to the test, the mice were housed together with their
female partners in cages for testing aggression. On the third day, when the mice
were habituated to the cage and had marked it as their own territory, the females
were removed and an unknown, age-matched, socially naïve male intruder from
the A/J strain was introduced in each cage. The time it took for the resident
experimental mouse to attack was recorded as Attack Latency. The intruder was
then removed and placed back in its home cage, while the female was returned to
the testing cage. The test was repeated on the two following days, using the same
procedure. Testing was conducted in such a way that each resident mouse always
encountered a new opponent in its home cage. On the third day of testing, the
intruder was left in the testing cage for 5 minutes to allow the social interaction
to develop fully. The whole of this interaction was videotaped for later behav-
ioural analyses. 

Novel Object and Shock Prod
Three days after the last Resident-Intruder interaction, the Novel Object paradigm
was performed, followed by the Shock Prod test one day later. In the Novel Object
and the Shock Prod tests, each male mouse was confronted with the introduction
in their home cage of a prod capable of giving electric shocks. In the Novel Object
test the prod was switched off and the mice experienced the presence of an
unknown object in their home cage, while in the Shock Prod test they received an
electric shock of 0.7 mA intensity every time they touched the prod (de Boer and
Koolhaas 2003). The Novel Object test lasted for 5 minutes after the first
approach to the prod, while the Shock Prod lasted for 5 minutes after the first
shock was received. Both paradigms were given in absence of the females and in
fresh sawdust, and were video recorded for later behavioural analyses. 

Forced Swim
Two days after the Shock Prod test, the Forced Swim test was performed. For this
test each experimental mouse was introduced to a cylinder (diameter = 14 cm,
height = 20 cm) containing tap water maintained at a temperature of 25 °C. The
water level reached the height of 15 cm. Each mouse was left for 5 minutes in the
water, during which time its behaviour was videotaped for later analyses. After
removal from the water, each mouse was wrapped in a towel where it was kept
for a few minutes to dry and then placed in its home cage.  

Open field
A week after the Forced Swim test, each animal was tested in an Open Field.
Briefly, the mouse was placed in the centre of a large, round arena (120 cm diam-
eter) and was left undisturbed for 30 minutes, during which a video camera
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connected to a PC recorded its movement trajectory from above. The arena was
washed thoroughly with water at the end of each test. 

Behavioural analyses
The behaviours in the Resident-Intruder, Novel Object, Shock Prod and Forced
Swim tests were analysed using The Observer 5.0 software (Noldus Information
Technology bv, Wageningen, the Netherlands). From the Resident-Intruder videos,
the following behaviours were scored as continuous behavioural states: Attack,
Threat, Chase, Social exploration, Non-social exploration, Immobility and Body
care. From the Novel Object and Shock Prod videos, Prod burying, Prod sniffing,
Cage explore, Body care, Immobility and Tail rattle were scored as behavioural
states. From the Forced Swim videos, Swimming, Climbing and Immobility were
scored as behavioural states.

The behaviour of the mice in the Open Field was analysed using the
Ethovision 3 tracking system (Noldus Information Technology bv, Wageningen,
the Netherlands). The distance moved in the whole arena during each 5-minute
interval was extracted as a measure of emotionality levels.

Statistical analyses
Statistical tests were performed using SPSS 14.0 for Windows (SPSS Inc.,
Chicago, Illinois, USA). Attack latencies were analysed statistically with ANOVA
for repeated measurements, including ‘day’ (3 levels: day1, day2, day3) as a
within-subject factor and ‘type’ (2 levels: aggressive line and non-aggressive line)
and ‘selection’ (3 levels: Groningen, Turku, North Carolina) as between-subjects
factors. All the interaction effects were included in the analysis. The duration of
the behaviours scored in each observation of the Resident-Intruder, Novel Object,
Shock Prod and Forced Swim tests was considered for statistical analyses. Group
means for the duration of each behaviour were analysed using a two-factor
general linear model with ‘type’ (2 levels: aggressive line and non-aggressive line)
and ‘selection’ (3 levels: Groningen, Turku, North Carolina) and a ‘type*selection’
interaction (6 levels: SAL, LAL, TA, TNA, NC900, NC100) as between-subjects
effects. Post-hoc analyses were computed using Tukey’s multiple comparisons. 

The distance moved in the Open Field was analysed using a general linear
model for repeated measurements with similar between-subjects effects as in the
other analyses and ‘interval’ (6 levels: 0-5, 5-10, 10-15, 15-20, 20-25, 25-30) as a
within-subject effect. Post-hoc analyses were performed using Tukey’s multiple
comparisons in each interval. 
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RESULTS

Attack latency/Resident-Intruder
The propensity to engage in inter-male aggression was tested in the attack latency
test. The attack latency (figure 2.1A) decreased significantly across the three days
of testing (day effect: F(2,48)=6.65, p=0.003), as expected from previous
studies. On average, the mice from the aggressive lines displayed significantly
lower attack latencies than low-aggression lines (type effect: F(1,24)=128.61,
p<0.001). However, a significant ‘type*selection’ interaction effect (F(1,24)=
3.45, p=0.048) showed that the ‘type’ effect was less pronounced in the Turku
lines. The results of the post-hoc analyses are indicated in figure 2.1A.
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Figure 2.1 A) Means and standard errors of attack latencies during the attack-latency test.
B) Means and standard errors of total duration of behaviours exhibited by the residents during
the 5-min Resident-Intruder test. 
a, b, c are homogeneous subsets after Tukey’s multiple post-hoc comparisons of the main
‘type*selection’ effect.



A more detailed analysis of the aggressive interaction is presented in figure
2.1B. The high-aggression lines spent significantly more time in attack
(F(1,24)=80.59, p<0.001) , threat (F(1,24)=27.85, p<0.001), chase (F(1,24)=
7.77, p=0.010) and immobility (F(1,24)=10.66, p=0.003) and less time in social
exploration (F(1,24)=47.66, p<0.001), non-social exploration (F(1,24)=21.71,
p<0.001) and body care (F(1,24)=4.48, p=0.045) than the low-aggression lines.
Immobility levels significantly differed also according to the ‘type*selection’ inter-
action effect (F(2,24)=5.69, p=0.009), since NC900 mice showed greater
mobility than the other high-aggression lines, almost significantly compared to
SAL (Tukey’s HSD= -8.15, p=0.054) and significantly compared to TA (Tukey’s
HSD= –10.07, p=0.017), and similarly low to its own counterpart, NC100, and
to the low-aggression lines. 

Novel Object and Shock Prod
The propensity to approach and explore an unfamiliar object was tested in the
Novel Object test (figure 2.2A). Immobility levels were significantly lower in the
aggressive lines (F(1,24)=6.69, p=0.016). There were no other significant differ-
ences across the groups in any other behaviour observed. Interestingly, mice
belonging to all lines except for LAL did bury the prod in this test, although no
shock was applied. 

The ability to cope proactively with a noxious object was investigated in the
Shock Prod test (figure 2.2B). Immobility was significantly lower in the aggressive
lines (F(1,24)=5.57, p=0.027) and in the North Carolina selection lines
(F(1,24)=4.63, p=0.020). The proactive behaviour of defensive burying, as well
as the other behaviours observed, did not show significant differences across
groups. Interestingly, the burying levels in this test were not different from the
burying levels in the Novel Object test, as shown using ANOVA for repeated meas-
urements (F(1,24)=3.06, p=0.093, not significant). Again, none of the LAL mice
displayed this behaviour.

Forced Swim
The ability to cope proactively was tested further in the Forced Swim test (figure
2.3). The way the mice responded to the challenge was affected solely by the
selection pair they belonged to. ANOVA revealed a highly significant effect of
‘selection’ in the amount of climbing (F(2,23)=7.93, p=0.002) and immobility
(F(2,23)=22.08, p<0.001). In particular, the Turku lines showed less climbing
(almost significantly vs. Groningen: Tukey’s HSD= –12.79, p=0.066; significantly
vs. NC: Tukey’s HSD= –21.20, p=0.002) and more immobility than the other
selection lines (Turku vs. Groningen: Tukey’s HSD= 29.38, p<0.001; Turku vs.
NC: Tukey’s HSD= 26.90, p<0.001). 
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Open field
Emotionality levels were investigated in the Open Field test (figure 2.4A and
2.4B). Overall, mice from the Groningen selection lines travelled significantly
more than mice from the Turku and North Carolina selection pairs, as revealed by
a significant main effect of ‘selection’ on the total distance travelled
(F(2,24)=17.96, p<0.001) and subsequent post-hoc tests (Groningen vs. Turku:
Tukey’s HSD= 14884, p<0.001; Groningen vs. North Carolina: Tukey’s HSD=
10681, p=0.003). There was also a significant ‘type*selection’ interaction effect
(F(2,24)=4.98, p=0.016) that was due to values being higher in the LAL line
compared to TA (Tukey’s HSD= 12925, p=0.017), TNA (Tukey’s HSD= 22809,
p<0.001), NC900 (Tukey’s HSD= 11322, p=0.046) and NC100 (Tukey’s HSD=
16008, p=0.002), but lower in the TNA line compared to SAL (Tukey’s HSD=
–16842, p=0.001), LAL (Tukey’s HSD= -22809, p<0.001)and TA (Tukey’s HSD=
–11487, p=0.042). A more detailed analysis of the time course of the exploration

CHAPTER 2

54

to
ta

l d
is

ta
nc

e 
tra

ve
lle

d 
(c

m
)

0

10000

30000

20000

40000 open field

SAL LAL TA TNA NC900 NC100

b,c

b

c

b,c

a

a,b

0–5

SAL
LAL
TA
TNA
NC900
NC100

B

di
st

an
ce

 tr
av

el
le

d 
(c

m
)

0

2000

6000

4000

8000

5–10 10–15 15–20 20–25 25–30

A

open field

Figure 2.4 A) Means and standard errors of total distance travelled during the 30-min Open
Field test. a,b,c are homogeneous subsets after Tukey’s multiple comparisons. B) Means and
standard errors of distance travelled at 5-min intervals during the Open Field test. 



of the open field was conducted on data obtained every 5 minutes, analysed with
ANOVA for repeated measurements. Overall, the distance travelled significantly
changed across the time span (F(5,120)=8.41, p<0.001), and the change was
significantly different according to ‘measurement*type’ (F(5,120)=3.79,
p=0.003), ‘measurement*selection’ (F(5,120)=2.065, p=0.032) and ‘measure-
ment*type*selection’ interaction effects (F(5,120)=4.37, p<0.001). There were
also significant main ‘selection’ (F(2,24)=17.955, p=0.016) and ‘type*selection’
effects (F(2,24)=4.98, p<0.001), similar to the results from the ANOVA on the
total distance travelled. Post-hoc analyses performed as ANOVA for repeated
measurements within the Groningen selection pair revealed a significant ‘meas-
urement*type’ effect (F(1,8)=8.17, p=0.021). Further post-hoc tests revealed
that SAL mice reduced significantly their exploration levels in the last part of the
test (paired t tests relative to t5, uncorrected for multiple comparisons:
tt25(4)=5.45, p=0.006; tt25(4)=5.77, p=0.004), while LAL maintained their
levels at similarly high values from the start to the end. Repeated-measurements
ANOVA performed on the Turku selection lines showed significant main effects of
‘measurement’ (F(1,8)=6.82, p=0.031) and ‘type’ (F(1,8)=13.72, p=0.006),
which indicates that there was a significant decrease in the exploration levels
overall and that TNA mice travelled significantly smaller distances. Similarly to
the Turku lines, significant effects of ‘measurement’ (F(1,8)=61.94, p<0.001)
and ‘type’ (F(1,8)=5.52, p=0.047)  were found in the North Carolina selection
pair, indicating that there was a significant decrease overall in the distance trav-
elled across the measurements and that the low-aggressive NC100 line travelled
significantly shorter distances.  

DISCUSSION

This study shows that genetic selection of mice for high and low aggression does
not always lead to the same general behavioural phenotypes. In the SAL-LAL
selection, aggression is negatively, but weakly, associated with reactive/passive
coping and exploration of a novel environment. In the TA-TNA and NC900-NC100
selections, aggression is associated with low emotionality in a large novel environ-
ment.  

Possible reasons for the different phenotypes obtained through selection for
aggression are differences between the parental strains and the selection criteria
used. Differences between the parental strains are a very plausible explanation.
The SAL-LAL model is somewhat distinct from the other two pairs of lines, which
are more similar to each other. Considering that the SAL and LAL lines originated
from a wild population, while the Turku and NC lines were selected from albino
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laboratory strains, it is possible that the latter pairs of lines are more genetically
related to each other through a common ancestor. Furthermore, the range of
genotypes and phenotypes in the original populations of the Turku and NC lines is
probably narrower than that of a wild house mouse population. A similar
phenomenon has been shown by comparing Wistar rats with WTG (Wild-Type
Groningen) rats (de Boer et al., 2003). The criteria used in the selection might
have some relevance too. While SAL-LAL mice were selected based on attack
latency alone, i.e. on the readiness to attack a conspecific intruder in the home-
cage, the Turku lines were selected on the basis of an observer rating, in which
the lowest score was given to a very immobile animal and the highest one was
given to a fiercely aggressive animal, and the NC lines were selected mainly on
the basis of behavioural frequencies. Furthermore, the Turku and NC lines were
tested in a neutral arena, and therefore the context in which they displayed
aggression was of different ecological relevance compared to the home-cage of
SAL-LAL mice.

Some results obtained in this study confirm and extend previous research.
The higher levels of immobility in the low-aggressive lines in the Novel Object test
confirm previous studies in which LAL mice were more affected than SAL by
changes in the environment (Benus et al., 1987). Similarly, TNA mice showed
more immobility than TA mice in an elevated plus maze, and NC100 exhibited
more freezing behaviour in a social interaction (Gariepy et al., 1988). The higher
level of immobility behaviour in the LAL males can be considered as an adaptive,
reactive way of coping with the challenge, as opposed to a passive way to react to
the challenge driven by emotionality and fear. This interpretation is in line with
the previous literature (Benus et al., 1989; Benus et al., 1990a; Koolhaas et al.,
1999; Veenema et al., 2003a) and is also consistent with the present data on the
low levels of defensive burying behaviour in both the Novel Object and Shock
Prod tests, and with the high activity levels in the Open Field. In the other pairs of
lines, it is more likely that differences in fear play a role, since in our study the
TNA and NC100 non-aggressive lines are less active in a novel environment. In
the Turku lines, a high emotionality component shown by high limmobility levels
in the Forced Swim test might also be involved. In these lines, therefore, an
augmented fearfulness seems to be the most plausible explanation. Interestingly,
LAL mice did not show more immobility during the Forced Swim test, contrary to
previous reports (Veenema et al., 2003b). One explanation for this discrepancy
could be the order of the tests performed in the present study and the fact that
previous tests might have interfered with the outcome in the Forced Swim test. In
support of this reasoning, it should be noted that LAL show a very flexible behav-
ioural phenotype consistent with their capability to adapt to novel situations. The
Forced Swim test is quite a strong stressor for mice and therefore pushes the
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behavioural response to ceiling levels that might be beyond the functional coping
responses, while activating a slightly different catecholaminergic response
(Koolhaas et al., 1997). Perhaps in this study the mice were emotionally affected
by the previous Shock Prod test and their behavioural response to the swimming
test might have been altered by a higher emotional activation that goes beyond
the adaptive coping response.

The defensive burying behaviour typically expressed in reaction to a Shock
Prod is not correlated with the aggression levels in our study. This result does not
replicate earlier findings in SAL and LAL mice (Sluyter et al., 1996a; Sluyter et al.,
1999) or previous data on the wild-type Groningen rats (de Boer et al., 2003).
This may be because, for unknown reasons, the time spent burying in our study is
much lower on average than that in previous studies. Nevertheless, our data indi-
cate a similar difference, since the LAL line was the only one that did not show
burying behaviour. Moreover, the strategy of LAL mice was clearly different from
SAL in this test, since they were more immobile, not burying at all, and doing
considerable exploring of the cage. The latter was clearly an attempt to escape
from the cage (personal observation). We could not see such differences in the
other two pairs of lines, suggesting that if there is a positive association between
coping style and aggression, this is best represented in the SAL-LAL lines. Earlier
studies indicate that a similar association could have been present in the Turku
lines, since the aggressive line TA was described as a better maze learner, while
the nonaggressive TNA line was better passive learner (Kvist, 1989; Sandnabba,
1996). However, in our data there is no clear association. 

In order to understand the association between aggression and exploration in
the open field we need to consider the meaning of explorative behaviour in a
large neutral arena. This test may reveal the tendency to explore a new environ-
ment, related to a lack of fear. However, it might also relate more generally to
activity levels. In our data on SAL and LAL mice, aggression is correlated with
lower distance travelled. The activity in the open field is somewhat related to the
activity levels in the home cage (Benus et al., 1988; Caramaschi et al., 2008b)
and in an exposed area of a tunnel maze (Hogg et al., 2000). LAL nonaggressive
mice seem to have a tendency for high spontaneous home-cage activity and new
territory exploration. The other lines show different scenarios, which are perhaps
more related to emotional aspects. In the Turku and North Carolina lines, the
differences in activity levels in the open field are not supported by differences in
the spontaneous cage activity. Our data confirm previous findings in the Turku
lines (Selander and Kvist 1991; Ewalds-Kvist et al., 1997; Nyberg et al., 2003),
while they are in contrast with findings in the NC lines (Hood and Quigley 2008).
A complete agreement between those studies and ours would be difficult to
achieve in any case, since the procedures applied differ substantially. A lack of
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association between aggressiveness and activity levels was reported in a study of
mouse lines selected on high running wheel behaviour (Gammie et al., 2003).
This confirms that the low exploration levels in the low-aggressive lines TNA and
NC100 were associated with higher emotionality and fearfulness in the open field.

Overall, these and the previous behavioural characterizations indicate that
selection for aggression traits might act on different axes, the coping strategy and
the emotionality axes, but these can be somehow correlated. Selection for high
aggressiveness might result in proactive coping, as in the SAL-LAL selection.
Alternatively, it might co-select for low emotionality/fearfulness, as in the Turku
and North-Carolina lines. 
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