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ABSTRACT

Personality traits in animals are those which are stable across time and
predictive of behaviour in different situations. A longitudinal study on great
tits (a passerine bird) from two lines bidirectionally selected for fast or slow
exploratory performance, a trait thought to reflect different personalities, was
carried out to test the consistency between behavioural responses to repeated
exposures to the same situation and to different situations. Exploratory
behaviour was assessed in two different tests, each in the juvenile phase and
in adulthood. Agonistic behaviour was assessed in adulthood by means of two
separate tests: response to a caged male intruder and confrontation with a freely
moving opponent. Sexual behaviour was assessed in adulthood by presenting
two caged conspecifics of the opposite sex to the experimental birds.
Exploratory scores differed between the lines in adulthood like in the juvenile
phase. However, SLOW birds tended to become faster in exploration with age
and females were less consistent than males. Agonistic behaviour was
consistent in two similar contexts. SLOW explorers spent more time in
agonistic displays and had longer latencies to attack than birds that were fast
in exploration. SLOW birds also took longer time than FAST birds to approach
a member of the opposite sex. The results demonstrate a long-term consistency
of coping patterns, which is generalised to different contexts. SLOW explorers
can be more generally described as reactive copers, FAST explorers as
proactive. Shifts across age were detected in the exploration scores, indicating
that distinctive modes of behaviour can be altered. These changes affected only
the SLOW line, which, as the reactive copers, is characterised by a higher
degree of behavioural flexibility.
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adulthood (three years span); agonistic behaviour in adulthood (seven months
span) (ii) inter-situational consistency: exploratory behaviour Vs agonistic
behaviour Vs sexual behaviour (seven months and three years span. The data
obtained allowed us to address the question whether in the great tit the “FAST”
and “SLOW” explorers actually fit the distinction of the proactive and reactive
coping as stable individual trait characteristics.

METHODS

Subjects

The great tit is a territorial, non-migratory passerine bird (body mass: 16-20
g) inhabiting woods and parks. Males are territorial throughout the annual cy-
cle, but during autumn and winter, particularly when food is scarce, individuals
may form flocks with a clear social rank order (Drent 1983). Inter-male compe-
tition and social conflicts are very common, and the species has an elaborate
repertoire of agonistic behaviour (Blurton-Jones 1968; Wilson 1992). Once
birds have survived the first winter (mortality of 80-98 %), average life span
is 2.8 years in adult wild birds. In captivity mortality is much lower (5-20 %)
and maximal life span observed was 9 years (Piet J. Drent, unpublished). In
1993, an artificial bi-directional selection program was started on the basis of
the outcome of exploration tests carried out at the age of 35-50 days (Drent
et al. 2003). We used 20 FAST and 14 SLOW birds of the 3rd and 4th
generation originating from this program. All birds were experienced breeders
and were naïve with respect to experiments other than the exploration tests.
Most of the birds (23) were hatched in 1996, the remaining were hatched in
1995 (5), in 1994 (4), and in 1997 (2). In the rest of the text we refer to age
as that of the bulk of the birds.

Housing during the juvenile phase

An overview of the tests, the time-schedule and the housing conditions is
presented in Table 1. The experimental birds were hatched, raised and tested
for early exploratory behaviour (Drent et al. 2003) during the juvenile phase
at the Center for Terrestrial Ecology, Heteren, The Netherlands. They were
the offspring of pairs kept in aviaries. Eggs were incubated and chicks reared
by wild foster parents until day 10 after hatching and hand reared in standard
conditions from day 10 until independence (for details see Verbeek et al. 1994;
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INTRODUCTION

A growing number of studies is showing that the behavioural phenotypes in
animals can often be categorised in styles or strategies (e.g. for canids Mac
Donald 1983; for felids Mendl & Harcourt 1986; for humans Kagan 1988; for
mice Benus et al. 1991; for fishes Budaev 1997; for octopuses Mather and
Anderson 1993; for pigs Hessing et al. 1994; for birds Drent et al. 2003). Such
strategies and the related concepts of coping styles, temperament traits,
individuality, distinctiveness or “personalities”, involve both intra- and inter-
situational consistency, as well as heritability (Slater 1981; Mendl & Harcourt
1988; Wilson et al. 1994; Jensen 1995; Koolhaas et al. 1999). However, the
study of individual differences in behavioural responses has been largely based
on intra-situational or within-test consistency and only over a limited time-
scale (e.g. in fishes Coleman & Wilson 1998; in great tits Drent & Marchetti
1999; in guinea pigs Albers et al. 1999; in bighorn ewes Réale et al. 2000; in
monkeys Maestripieri 2000; but see Ruis et al. 2000 for intra-test incon-
sistencies in young pigs).

It is often implicitly assumed that traits such as shyness and boldness are
expressed across different situations. Some studies have investigated the
consistency of behavioural responses in different tests or situations or to an
array of stimuli. So far, results have given conflicting evidence and the issue
whether individual differences in behavioural strategies are context specific or
domain general is unresolved. For example, no correlation was found between
responses to social and non-social challenges in pigs (e.g. Spoolder et al. 1996;
D’Eath & Burn 2002, but see Hessing et al. 1993) or between temperament
and social dominance in dairy cattle (Dickson et al. 1970). In juvenile
pumpkinseed sunfish individual differences in shyness and boldness were
consistent within contexts, but did not correlate across contexts (Coleman &
Wilson 1998), and a similar conclusion was reached for bighorn ewes (Réale
et al. 2000). In contrast, Benus and co-workers found significant correlation
between responses to a changing environment, attack latency and routine
formation in mice, identifying “active” and “passive”, or “proactive” and
“reactive” copers, both strategies aiming at successful environmental control
(Benus et al. 1987; 1990; 1991; for reviews Koolhaas et al. 1999; 2001). Similar
evidence is present in rats (Steimer et al. 1997, Koolhaas et al. 1999) and in
young horses (Visser et al. 2001), but in the latter long term consistency could
not be demonstrated convincingly. In pigs predictability of aggression based on
backtest outcomes has been demonstrated (e.g. Hessing et al. 1993), but these
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results could not be always replicated and have been subjected to criticism (e.g.
Jensen 1995; D’Eath & Burn 2002). More recently it has been shown that farm
minks selected for confident and fearful behaviour towards humans generalised
their fear responses across several social and non-social situations over a six
weeks’ period of tests (Malmkvist & Hansen 2002). Studies in passerine birds
(great tits and zebra finches) indicate consistency across contexts (max 6 to
18 weeks, Verbeek et al. 1994; 1996; 1999; Drent & Marchetti 1999;
Beauchamp 2000). Information about the developmental plasticity and stability
across time of these traits is scarce. Age dependent changes in the distribution
of attack latencies in the direction of a reduction in differences, have been
reported for adult male wild rats (Koolhaas et al. 1999), but no longitudinal age-
related or developmental studies have yet been published.

In our study species, the great tit (Parus major), individual differences in
exploration and boldness in juvenile males have predictive value for differences
in aggression and dominance 12-16 weeks later (Verbeek et al. 1996; 1999).
In this species a bidirectional selection experiment showed a heritability of
54±5% for early exploratory behaviour, based on four generations (Drent et al.
2003). Independent cohorts of birds of these selection lines of “FAST” and
“SLOW” explorers differ in other contexts, such as foraging behaviour and
response to social stress (Marchetti & Drent 2000; Carere et al. 2001; Carere
et al. 2003), leading to the hypothesis that they represent the proactive and
reactive strategies described for rodents (Koolhaas et al. 1999). In a remarkable
field study, measurements of exploratory behaviour (in an open field test) of
wild great tits temporarily taken into the lab and recaptured over a period of
two years revealed repeatability ranging from 0.27 to 0.48 (Dingemanse et al.
2002). However, no studies following the same individuals of the selection lines
in different situations and over a long time span have ever directly proved the
domain generality of the trait of interest and its consistency over time. Data
on the domain generality or inter-situational consistency are also important to
test the hypothesis that these lines represent coping strategies similar as those
of the rodents (Koolhaas et al. 1999; 2001).

In the present study we examine the correlation between behavioural
responses across age and situations over a relevant proportion of the individual
life span. We analyse both non-social (exploration in a new environment and
response to a novel object) and social behaviours (agonistic behaviour, sexual
behaviour) which could influence fitness. We tested whether birds of the 3rd
and 4th generation of the above mentioned selection lines showed (i) intra-
situational consistency: exploratory behaviour in the juvenile phase and in

C. CarC. CarC. CarC. CarC. Carererererereeeee



24

Drent et al. 2003). Thereafter (day 25-30 after hatching), they were housed
individually in standard cages of 0.9 × 0.4 × 0.5 m with a wooden bottom,
top, sides and rear walls, a wire-mesh front and three perches. They were kept
under natural light conditions and had auditory and visual contact with other
individuals housed in the same room. Food (commercial seed mixture,
sunflowers and a protein rich mixture supplemented daily with mealworms) and
water were provided ad libitum. During autumn and early winter birds were
housed in outdoor aviaries (2.0 × 4.0 × 2.5 m) in unisex flocks of six-eight
individuals, whereas from late winter to early summer they were kept in similar
aviaries, but in male-female pairs for the prosecution of the breeding program
and the selection experiment (Drent et al. 2003).

Housing during adulthood

The birds were moved at the age of two years to the facilities of the Biological
Centre of the University of Groningen, Haren, The Netherlands, about 170-
km North from the original location, in March 1998. Upon arrival they were
housed in male-female pairs within the same line in outdoor aviaries for
breeding. The aviaries, measuring 1.5 × 3.0 × 2.0 m, had solid walls and
ceiling, and a wire-mesh in the front. They contained one nest-box, perches
on the left and right walls and a feeding table in the centre (40 × 40 cm). The
bottom was covered with sand. Food was similar to that in the individual
standard cages. During the first test of agonistic behaviour, carried out after
the breeding season immediately after moult (August 1998), birds were still
housed in this condition (Table 1).

One month later (September 1998), all birds were individually housed in
standard cages of 0.8 × 0.4 × 0.4 m solid bottom, sawdust on the bottom, top,
side and rear wooden walls, a wire-mesh front and three perches. Cages were
located indoors in a room of 4.6 × 2.8 × 2.6 m under artificial light conditions
(LD 10-14), each bird having auditory and visual contact with other
conspecifics. Food and water were as in the aviaries. Under these housing
conditions the males underwent the second test of agonistic behaviour
(February 1999). Thereafter, birds were re-housed in the outdoor aviaries
individually and after 3-5 days of habituation underwent the sexual behaviour
tests (March 1999). After that, the same pairs of the previous year (when
possible) were formed for breeding. In the late summer (September 1999) all
birds were again moved indoors and housed individually in standard cages as
described before for the exploration tests.

C. CarC. CarC. CarC. CarC. Carererererereeeee
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Exploration tests (novel environment and novel object)

Details of the tests are provided elsewhere (Drent et al. 2003). Briefly, for the
novel environment test birds were allowed to explore a room with five artificial
wooden trees for 10 min. The time needed to visit four of the five trees was
converted linearly to a 0-10 scale. A score of 10 means that the bird reached
the fourth tree within one min; a score of 0 means that it did not reach the
fourth tree within 10 min. For the novel object test, two sessions were carried
out introducing a novel object on one of the outer perches. A penlight battery
was used on the first day and an 8 cm pink rubber toy on the third day. Birds
were characterized assessing the latency to approach the object and the shortest
distance to it within 120 sec. The results for each session were converted
linearly to a 0-5 scale. A score of five was given when the bird pecked the
object, a score of zero when the bird did not land on the perch with the
object. The sum of the three test scores (0-20) is the trait selected on
(EEB), where 0 is the extreme “SLOW” and 20 is the extreme “FAST”
bird (Drent et al. 2003).

During the juvenile phase the tests were performed at day 35-40 (novel
environment) and day 45-50 (novel object) after hatching. During adulthood
(three years) they were performed with the same sequence and an interval of
three-five days between tests.

Agonistic behaviour tests

A live adult great tit male of unknown exploration score confined in a 20 ×
20 × 20-cm wire cage was used as stimulus and put in the centre of the feeding
table of the aviary for 10 min. The latency to approach it and the behaviour
of the experimental male were recorded. The test started by introducing the
cage with the stimulus bird and stopped after 10 minutes. It was repeated for
three consecutive days at the same time of the day (between 1000 and 1400
hours). Each session was recorded on videotape with a Camcorder (Canovision
EX1 Hi) focused on the table. Tapes were scored independently at normal speed
by a person unaware of the selection line of the animals, using a keyboard event
recorder (“Observer” version 3.0, Noldus Information Technology b.v.
Wageningen, The Netherlands). Behavioural scores were obtained as latencies,
frequencies and duration (in seconds). We considered the following parameters:
latency to land on the table (approach to the stimulus) and two display
postures, wings-out and tail-fanning (Blurton Jones 1968).
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Six months later, each male, previously housed in his indoor cage, was
individually confronted in his resident cage with one of three full-grown males
acting as intruders (age: seven months) for 10 min. The three intruders had
the same parents and age, similar weight and were experimentally naïve. Each
resident was tested once between 1000 and 1400 hours. A maximum of three
tests per day was carried out, each test with a different intruder-resident dyad.
Each intruder was used once per day. Observations were made from behind a
wooden panel, which was introduced in the room two days before the start of
the first confrontation. In case of clear physical fight, occurred in two instances,
the test was stopped and the intruder was removed immediately. Tests were
recorded on videotape and two independent persons scored tapes at SLOW
motion. We considered the following parameters: latency to attack, frequency
of attack episodes, and time spent displaying (mainly the horizontal posture,
sometimes combined with wings-out and tail-fanning, Blurton Jones 1968).
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Table 1. Summary of the tests used to evaluate consistency of behavioural traits in male
and female great tits of the two selection lines. Agonistic behaviour was tested only in
males. See method section for details.

* The combination of these tests (exploration score 0-20) is the selection trait (Drent et al. 2003).
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Sexual behaviour

Both males and females were tested independently in early spring in outdoor
aviaries in the framework of a parallel study on partner preference in relation
to coping strategy (C. Carere, L. Privitera, P. J. Drent, J. M. Koolhaas,
T. G. G. Groothuis unpublished data). Each subject was exposed in a single 30-
min session simultaneously to two stimulus birds. Each stimulus bird was
confined in a cage (30 × 40 × 25 cm, provided with a perch, water and food),
each of a different line and of opposite sex than the experimental bird. Tests
were carried out between 0700 and 1000 hours and behaviour observed from
behind a one-way screen. After 15 min the position of the two cages was
exchanged to control for side preference. Stimulus birds were used not more
than twice and always in different combinations. For the purposes of this study
we scored for both experimental males and females the latency to approach to
the first of the two stimuli. In males we also measured the frequency of sexual
displays (wing-shivering bouts) and song episodes. In females we scored the
frequency of self-preening bouts, irrespective of the distance from the male stimuli.

Analysis

As a consequence of the selection process exploration scores were bimodally
distributed. Also the remaining behavioural parameters were in general not
normally distributed. To test the performance in the exploration tests across
age we used parametric factorial analysis of variance considering line and sex
as grouping factor and age (juvenile phase and adulthood) as repeated measure
factor. The exploration score and the novel environment test needed a square
root transformation to meet the assumptions of the parametric analysis.
Multiple comparisons for the variable line in adulthood were performed by
Tukey-Kramer LSD (least significant difference) test. Post hoc comparisons
(paired t-test and independent sample t-test) were also run to test the effect
of age and sex separately within each line. Mann-Whitney U-test was used to
test line differences in the remaining behavioural parameters, including the first
agonistic behaviour test in which the three consecutive sessions were pooled.
Intra- and inter-test correlation between variables were tested by Spearman rank
order correlation. All statistical tests are two-tailed. Significance level was 0.05.

Due to the long time course of the study, not all results include observations of
the 34 animals originally assigned to the experiment. Sample size is slightly reduced
in some tests. Exact sample sizes are reported in the illustrations or in their legends.
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RESULTS

Neither body mass or tarsus length differed between the two lines at any age.
These morphometric variables did not correlate significantly with any
behavioural measure analysed in this study. The majority of correlations had
p values ranging from 0.4 to 0.8.

Intra-situational consistency: exploration across age

Overall SLOW birds had lower scores than FAST birds in all variables (Fig. 1,
Table 2). A significant interaction of age with line was evident in all three
variables (Table 2): SLOW birds always increased their scores with age,
becoming “faster”, whereas FAST birds did not change Fig. 1). Within line
comparisons revealed that for the novel environment test no significant
changes with age were evident (t = 1.5, p = 0.15 for the FAST line; t = –1.6,
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Table 2. Statistical outcome (analysis of variance for repeated measure) for the effect
of age on the exploration tests (see also Figure 1 and 2).
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p = 0.08 for the SLOW line).
For the novel object score and
for the pooled exploration score
only the SLOW line showed a
significant increase with age (t
= –4.6, p < 0.001; t = –4.5, p
< 0.001, respectively). Post
hoc comparisons for the vari-
able line in adulthood pro-
duced significant differences in
the novel object and in the
exploration score (Ps < 0.05),
but not in the novel envi-
ronment score. In this latter
test the selection lines did not
differ anymore in adulthood
(Fig. 1a), but the post hoc
comparison, run separately for
males and females, showed
that this was the case only for
females, while for males the
lines still differ (Fig. 2). No
main effect of sex or its inter-
action with age was detected,
but the interaction of sex with
line was significant for the nov-
el environment test (Table 2).
In the SLOW line females had
higher scores than males
already in the juvenile phase (t
= 3.1, p = 0.03, Fig. 2).
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Within each age the
novel object and the
novel environment scores
correlated well. Further,
birds showed a substan-
tial stability across age in
all exploration scores

(Table 3). The lowest correlation coefficient (rs = 0.35, p = 0.05) was achieved
for the novel environment test, the one in which in adulthood line differences
became less pronounced (Table 3, Fig. 1a, Fig. 2). This was due to the females,
in which, in contrast to males, the correlation between the novel object and
the novel environment score became less clear in adulthood (rs = 0.81, p <
0.001 in the juvenile phase; rs = 0.44, p = 0.09 in adulthood, Table 5).

Agonistic behaviour: line differences, intra-situational consistency and
correlation with exploration

FAST males showed always lower latencies to approach live conspecifics than
SLOW males (Fig. 3), which was significant during the true confrontation
(caged stimulus in the aviary: U = 19, z = –1.04, p = 0.30, Fig. 3A; true
confrontation: U = 12, z = –2.1, p < 0.04, Fig. 3B). The FAST males also
attacked the intruder more frequently than the SLOW males (U = 9, z = –2.4,
p < 0.02, Fig. 3C). In both tests FAST males spent significantly less time
displaying than SLOW males (U = 11, z = –1.97, p < 0.05; U = 1, z = –3.3,
p < 0.001, respectively, Fig. 3D, E). Indeed, males were consistent in their
agonistic behaviour, especially in the time spent displaying (rs = 0.79, p =
0.001, Table 4). However, latency to attack did not correlate with the amount
of displays exhibited.

In general, juvenile exploratory scores and, to lesser extent adult scores, were
negatively correlated with latencies and display rate in the agonistic challenges
and positively with attack rate. Thus, the two tests with the substantial interval

Fig. 2. Disappearance of the
line difference in females,
but not in males, across age
in the novel environment
test. Values are means ±SE.
* p < 0.05.
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of 6 months reveal similar results, and correlate with the exploration scores:
FAST explorers had shorter attack latencies, higher attack rate, and lower display
rate than SLOW birds.

Sexual behaviour: line differences and correlation with exploration

In the presence of caged conspecifics of the opposite sex FAST individuals took
less time than SLOW individuals to approach the stimulus and this difference
was significant for males (U = 11, z = –2.6, p = 0.01, Fig. 4A), but did not
reach significance for females (U = 11, z = –1.7, p = 0.09 Fig. 4D). The
frequencies of sexual displays did not differ between the lines (U = 28.5, z =
–1, p = 0.30, U = 38.5, z = –0.15, p = 0.88, respectively, Fig 4B, C). Females
did not show any clear postural displays, but they were engaged in frequent
bouts of self-preening activity. The frequency of self-preening bouts did not
differ between the lines (U = 21, z = –0.39, p = 0.69, Fig. 4E).

In males latencies to approach correlated negatively with the two juvenile,
but not with the adult exploration scores in both sexes (Tables 4, 5). In females,
latencies correlated negatively with the juvenile exploration scores and also
with the novel exploration test in adulthood. No associations emerged for the
remaining parameters. Thus latency in a sexual context correlated with
exploration score: birds that explored fast in a non-social context also explored
fast in a social context.

DISCUSSION

Personality traits in animals are those which are stable across time and
predictive of behaviour in different situations. Here we have shown a stable
intra- and inter-situational consistency of behavioural patterns under standard
conditions over a long time scale, indicating that different coping strategies with
generalised responses exist in the great tit at least for exploration and socio-
sexual behaviour.

Intra-situational consistency and plasticity

Overall, birds of the two selection lines showed consistency within the set of
tests of exploratory behaviour. A substantial consistency in all exploration
scores was also evident over a time span of three years. Birds of the SLOW line
became faster in exploration, but the line difference persisted in adulthood.
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Fig. 3. Agonistic behaviour of male great tits of the two selection lines in two similar
contexts, namely in response to a caged male (A, B, n = 7 FAST, 8 SLOW), and to a
freely moving male (C, D, E, n = 8 FAST, 8 SLOW): A) Latency to approach a caged
male; B) Time spent in agonistic displays towards a caged male; C) Latency to attack a
free male intruder; D) Frequency of attacks towards a free intruder; E) Time spent in
agonistic displays towards a free male intruder. Values are means +SE. * p < 0.05; **
p < 0.01.
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vujON vujEN daON daEN 1taL 1lpsiD 2taL 2lpsiD RttA meftaL lpsidxeS
vujEN **48.0

daON **26.0 **56.0

daEN *15.0 54.0 *65.0

1taL 44.0– *35.0– *85.0– 92.0–

1lpsiD 74.0– 33.0– 22.0– 13.0– 13.0–

2taL *85.0– *36.0– 24.0– 61.0– 74.0 42.0

2lpsiD **08.0– **17.0– *05.0– 93.0– 70.0 **97.0 04.0

RttA **76.0 **96.0 14.0 22.0 *75.0– 92.0– **29.0– 74.0–

meftaL **95.0– **76.0– 52.0– 34.0– 14.0 90.0 **16.0 92.0 **07.0–

lpsidxeS 23.0 61.0 61.0– 71.0– 20.0– 30.0 42.0– 41.0– 03.0 32.0–

gnoS 30.0– 41.0 81.0 30.0 20.0 93.0 93.0 60.0– 73.0 30.0– 41.0–

Table 4. Correlation coefficients (Spearman) for the standard exploration tests in the
juvenile phase (juv), and the tests in adulthood (ad) in males.

N = 15-18
NO = novel object
NE = novel environment
Lat 1 = latency to caged intruder
Displ 1 = agonistic displays towards caged intruder
Lat 2 = attack latency in true confrontation
Displ 2 = agonistic displays in true confrontation
AttR = attack rate in true confrontation
Latfem = latency to approach a caged female
Sexdispl = frequency of sexual displays towards a caged female
Song = frequency of song episodes towards a caged female.
* p < 0.05; ** p < 0.01

vujON vujEN daON

vujEN **28.0

daON **26.0 **75.0

xeS×egA *14.0 *53.0 **15.0

Table 3. Correlation coefficients (Spearman) for the exploration tests in the juvenile
phase (juv) and in adulthood (ad). Males and females are pooled.

N = 33-34
NO = novel object
NE = novel environment.
* p < 0.05; ** p < 0.01
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Fig. 4. Sexual behaviour of male (A, B, C, n = 10 FAST, 8 SLOW) and female (D, E, n
= 8 FAST, 6 SLOW) great tits of the two selection lines: A) Latency to approach a caged
female; B) Frequency of sexual displays towards a caged female; C) Frequency of song
episodes; D) Latency to approach a caged male; E) Frequency of self-preening bouts.
Values are means ±SE. (*) p < 0.1; * p < 0.05; ** p < 0.01.
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Agonistic behaviour was also consistent in two similar contexts over a time span
of seven months. Studies on long-term consistency in personality traits are
scarce and some predicted or showed changes with age (e.g. Mendl & Harcourt
1988; Verbeek et al. 1994; Koolhaas et al. 1999). Previous studies in juvenile
male great tits phenotypically characterised as FAST or SLOW explorers
indicated that the difference between these categories could be reduced, since
SLOW birds become faster with age over a limited time scale: the novel object
response was consistent over several confrontations with different objects
across a period of five weeks, but nine weeks later SLOW birds approached
the object absolutely and relatively faster (Verbeek et al. 1994; Drent &
Marchetti 1999).

Why is the SLOW line less stable? A first possibility is that birds showed a
long-term habituation towards the tests, particularly the novel object. This
possibility is hardly supported by the literature because studies testing
habituation rate or retention abilities over such a long span are missing in
similar species (but see Grieco et al. 2002 about learning effects on laying date
in blue tits). Only imprinting studies, carried out mainly in precocial species
with a stimulus exposure presented much earlier in ontogeny, show long term
effects (review in Bolhuis 2001). Although unlikely, long-term habituation
cannot be ruled out a priori. A second possibility is that the SLOW line may
form a less homogeneous group entailing a higher potential of variation and
flexibility, since experimental settings with cut-off points lead to an accu-
mulation of individual scores in the distribution curve (Koolhaas et al. 1999).
Most individuals of the SLOW line had scores of zero especially in the juvenile
phase. However, extremely SLOW animals becoming faster over time would
not be detected anyway with our tests. Moreover, in the agonistic tests most
birds attacked within the cut-off time. On the other side, there is an upper limit
in being fast. So, a third possibility is that the line-specificity of the change is
an artefact: both lines would become faster with age, but FAST birds would
not do so due to a ceiling effect. However, most birds of this line did not actually
reach the maximum score and there was room for becoming faster (only two
birds had a score of 20). A fourth possibility is that the adult scores differ from
the juvenile scores because different observers in different laboratories carried
out both tests. This is also unlikely. The tests were previously standardised, the
scores of the FAST birds were very similar, and tests of juveniles of the SLOW
line reared in Haren were similar to those obtained in Heteren. Therefore, we
think that the SLOW birds show indeed a genuine plasticity in exploration
compared to FAST birds.
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vujON vujEN daON daEN lamtaL

vujEN **18.0

daON **76.0 *55.0

daEN 91.0 11.0 44.0

lamtaL 33.0– 52.0– *26.0– 73.0–

rpfleS 30.0– 10.0 72.0– 41.0– **47.0

Table 5. Correlation coefficients (Spearman) for the standard exploration tests in the
juvenile phase (juv) and the tests in adulthood (ad) in females.

N = 13-16
NO = novel object
NE = novel environment
Latmal = latency to approach a caged male
Selfpr = frequency of self-preening acts
* p < 0.05; ** p < 0.01

C. CarC. CarC. CarC. CarC. Carererererereeeee

The results show that even distinctive individual modes of behaviour are
subject to change. Individual consistency, together with inter-individual
variability, are essential for the evolution of the traits (Falconer & Mackay
1996; Roff 1997), but phenotypic plasticity is expected and is thought to have
limiting effects on the evolution of the traits (Brodie & Russell 1999). Although
selection lines usually possess rather stable characteristics, plasticity and age-
related changes can occur. Plasticity itself may be a trait under co-selection:
only one of the lines, the SLOW explorers, showed more plasticity and
heterogeneity. Two males and two females of this line became extremely fast
in exploration and in two of them the shift was maintained in different contexts.
In rhesus monkeys highly consistent individual patterns are altered dramatically
by the loss of peers (Stevenson-Hinde 1983). We are not able to address specific
causes of the shifts, but we can not exclude that similar emotional factors
occurring also in standard laboratory conditions or in an aviary flock may
produce drastic changes in a monogamous and resident bird species such as
the great tit. Whether such changes are permanent or of temporary duration
has to be addressed by future studies.
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We found that in the SLOW line females had higher scores than males in
the novel environment tests and that in the same test females were in general
less stable than males across age. This sex difference, however unaffected by
age, partly explains the higher instability of the SLOW line. Sex differences in
personality traits are predicted and widely reported both in humans and other
animals (e.g. Buirski et al. 1978; Budaev 1999; Costa et al. 2001; Benus 2001;
Malkvist & Hansen 2002). In an experiment on exploration and foraging
Laland & Reader (1999) found that female guppies were more likely to
innovate than males. They interpreted the difference ultimately, in terms of
parental investment asymmetries. In our case it might also be that male and
female offspring express their genetic background in a different way. However,
studies in the same selection lines with reciprocal crosses did not reveal clear
evidence of sex dependent expression in the same traits, but did show the
presence of a maternal effect (K. van Oers, P. J. Drent, G. de Jong, A. J. van
Noordwijk, unpublished data). This effect, likely due do maternal hormones
deposited in the yolk, may exert sex specific effects (Schwabl 1993; Petrie et al.
2001). It remains unclear why this would affect only the SLOW line.

Inter-situational consistency: proactive and reactive strategies?

During the agonistic challenges birds that were SLOW in exploration took
longer time to attack the intruder and spent significantly more time displaying
than FAST animals. Since many elements of agonistic behaviour can be
considered components of social exploration, serving to gain information about
the opponent (Wilson 1992), we conclude that animals adopting different
exploratory strategies in a non-social setting generalise these to social situations.
In another experiment with the same selection lines, SLOW males spent more
time than FAST birds in close proximity to a stimulus live male, but after a
social defeat both lines converged on low levels of social exploration, indicating
that divergent strategies may end up with similar outcomes (Carere et al. 2001).
Differences in aggression have been reported for confrontations in groups of
juvenile great tits (10-15 weeks old) phenotypically characterised as FAST or
SLOW, as well as in pair-wise confrontations between a FAST and a SLOW
male: FAST explorers initiated the interaction sooner than SLOW explorers
and birds that started more fights also won more fights (Verbeek et al. 1996;
Drent & Marchetti 1999). However, it is wrong to merely conclude that SLOW
individuals are not aggressive. In pairwise confrontations between SLOW
characterised males attacks normally occurred, but with longer latency (Drent
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& Marchetti 1999). Moreover, agonistic displays actively communicate
information about aggressive motivation (Hurd & Enquist 2001). In the true
confrontation all SLOW birds except one eventually attacked within the cut-
off time and latency to attack did not correlate with the time spent displaying.
They preferred the active strategy to delay attacks and escalated physical fights
and their agonistic behaviour was more dependent on actual stimuli than the
more routinised behaviour of the FAST birds. Field studies on dominance
hierarchies are currently in progress to shed light on the consequences of
different strategies in agonistic contexts. We did not find a line difference in
latency when the birds were exposed to the caged model, although values were
in the expected direction. First, the test was carried out shortly after moult
completion, which in birds is usually associated with a period of lowered
territoriality and aggression; second, an intruder may be perceived as less risky
when caged.

When the birds were exposed to stimuli of the opposite sex they again
differed in the latency to approach it: FAST individuals immediately ap-
proached one of the stimuli, whereas SLOW individuals took much longer
times. This result confirms the hypothesis that indeed the selection lines differ
in social exploration, including contexts of intersexual interactions. No line
differences emerged in the frequency of sexual behaviours in this situation,
suggesting that the organisation and control of sexually motivated behaviours
may not be correlated with territoriality and aggression.

One important conclusion from these results is that the exploration scores
are related to the way in which the same individuals cope with other environ-
mental challenges, therefore representing strategies aimed at successful
environmental control which are rather stable over time, as hypothesised by
Drent and colleagues (2003) for this species. This generalisation involves
especially situations that measure aspects of initiative or proactivity and the
patterns we found make the FAST and SLOW great tits resemble the short
and long attack latency mice respectively. Selection on this trait in mice also
resulted in differences in exploratory behaviour (Van Oortmerssen & Bakker
1981; Benus et al. 1991; Koolhaas et al. 1999). The differences in aggression
in these mice were subsequently shown to correlate with other physiological
and behavioural aspects such as routine formation and HPA (re)activity (Benus
et al. 1991; Koolhaas et al. 1999; Veenema et al. 2003) and it was concluded
that they reflected proactive and reactive strategies (Koolhaas et al. 1999). Line
differences in routine formation and stress physiology have been found in FAST
and SLOW great tits as well (Verbeek et al. 1994; Drent and Marchetti 1999;
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Carere et al. in press). The effect of selection in different domains may be due
to pleiotropic effects or to a common basal mechanism underlying the two
strategies, holding up across species and groups. Experiments using aggression
as a selection trait in great tits and exploration as a selection trait in mice should
be carried out to reach a clear conclusion on this issue. We conclude that the
FAST explorers, as the proactive copers, are more guided by internal mech-
anisms than by environmental stimuli. In contrast, SLOW explorers, as the
reactive copers, are more flexible and react more to environmental stimuli. This
conclusion add evidence supporting the hypothesis that the distinctions
between proactive and reactive coping represent fundamental biological trait
characteristics of many species (Koolhaas et al. 1999).
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