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ABSTRACT

A standard handling protocol was used to test the hypothesis that boldness
predicts stress responsiveness in body temperature and breath rate. Great tits
(Parus major) chicks were taken from the field, hand reared until independence,
and their response to a novel object was assessed. At the age of six months,
during the active phase (daytime), body temperature and breath frequency
were measured immediately after capture and after five minutes of quiet rest
in a bag. A second group of birds of two lines bidirectionally selected for the
same trait was tested during the inactive phase (nighttime). During the active
phase body temperature and breath rate were higher in the first measurement
than in the second measurement. In the second measurement bold individuals
showed a more pronounced decrease in body temperature than shy individuals.
In the inactive phase values of both parameters were lower than in the active
phase. Body temperature was lower in the first measurement than in the second
measurement and no line difference emerged. Breath rate was higher in shy
than in bold individuals and did not differ between the two measurement.
Females had higher body temperature than males, probably due to their lower
weight, since body temperature was negatively correlated with body mass. The
results indicate that body temperature and breath rate are indicators of acute
stress in songbirds and that differences in personality traits during the juvenile
phase are reflected in differential stress responsiveness later in age.
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INTRODUCTION

In birds standardised handling protocols have been widely used to assess the
HPA axis response. In most species the rise in glucocorticoids occurs within
three minutes following handling (review in Silverin 1998). Recent studies
have shown that birds respond to such protocols also with a fast rise in body
temperature. This phenomenon can be considered as a genuine “emotional”
fever, since it can be blocked by salicylate, and is usually associated with
tachycardia (Cabanac & Aizawa 2000; Cabanac & Guillemette 2001). Stress-
induced hyperthermia has been widely documented in rodents (Briese &
Cabanac 1991; Zethof et al. 1994; Zethof et al. 1995, van der Heyden et al.
1997) and a rise in body temperature is recognised as a typical component of
the stress and emotional response in rats and mice (Koolhaas et al. 1997), as well
as in other mammals (silver fox, Vulpes vulpes, Moe and Bakken 1999; farm mink,
Mustela vison, Korhonen et al. 2000), birds (Le Maho et al. 1992; Carere et al.
2001; Cabanac & Guillemette 2001) and reptiles (Cabanac & Gosselin 1993).

In birds, body temperature has been mainly studied in the framework of the
energetics of endotherms. Overall it is higher than in mammals, it decreases
with increasing body mass, and is affected by resting phase, circannual variations
and sex, females exhibiting slightly higher values (Prinzinger et al. 1991).

Breath rate, the frequency of respiratory acts, is a parameter for which much
less information is available in birds. Breathing frequency could respond to
fearful stimuli or emotions similarly to cardiovascular parameters such as heart
rate, since both are controlled, at least in part, by the autonomic nervous
system. Such parameters are index of the emotional and stress response (e.g.
Koolhaas et al. 1997), but are difficult to obtain in a small bird. Following
handling, eider ducks (Somateria mollissima) displayed a tachycardia for two-
three minutes without any visible motor response (Cabanac & Guillemette
2001). Recently, breath rate has been measured in great tits ca 18 hrs following
social stress (Parus major), but no effect of the stress procedure were detected,
probably because an increased activity of the adrenergic system is observed only
in the very short term following stress exposure (Carere et al. 2001).

Individuals of several avian species differ in the way they deal with stressors
and novelties (e.g. Verbeek et al. 1994; Schwabl 1995) and appear to vary along
a behavioural continuum from shy to bold. In general, shy individuals respond
to unfamiliar situations by retreating or becoming quiet and alert, whereas bold
individuals tend to start actively exploring and manipulating the stressor (Clark
& Ehlinger 1987; Wilson et al. 1993). These differences co-vary with other
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behavioural domains, such as aggression (Benus et al. 1991 for rodents; Verbeek
et al. 1996 for birds; Malmkvist & Hansen 2002 for minks). Results from
selection lines experiment suggest that they are aspects of a coherent and
heritable behavioural organization maintained by natural selection (Koolhaas
et al. 1999, 2001; Drent et al. 2003). In rodents proactive coping (bold, “active”
and aggressive animals) is associated with high neurosympathetic activity and
low HPA reactivity, whereas reactive coping (shy, “passive” and less aggressive
animals) is associated with high cardiac parasympathetic activity and high HPA
reactivity (Koolhaas et al. 1999, 2001).

In the great tit (Parus major), a small passerine bird, many individuals show
extreme phenotypes within a given population, being “FAST” (or bold) or
“SLOW” (or shy) in exploration tasks including novelty responses (Verbeek
et al. 1994). These traits are relatively stable across age and correlate with
differences in aggression (Verbeek et al. 1996; Carere et al. submitted), foraging
behavior (Marchetti & Drent 2000), and response to social stress (Verbeek
et al. 1999; Carere et al. 2001). Therefore, they may reflect coping strategies
or personalities. Recent studies demonstrate the presence of considerable
amount of genetic variation of such personality traits in wild great tit
populations, and selection lines experiments have shown significant heritability
for early exploratory behaviour based on four generations of artificial selection
(Drent et al. 2003). The lines (FAST and SLOW explorers show resemblance
to selection lines established from wild house mice populations (Benus et al.
1991; Veenema et al. 2003a, Carere et al. submitted). Data on breath rate
indicate a trend for higher levels in the line of SLOW individuals (Carere et al.
2001), while data on adrenocortical response to social stress indicate higher
HPA reactivity in the same line (Carere et al. 2003). Similarly, hens from a low
feather pecking line, that resemble shy great tits, had higher basal and stress-
induced (manual restraint) plasma corticosterone levels than hens from a high
feather pecking line, resembling the bold great tits (Korte et al. 1997; van
Hierden et al. 2002). Hens of the low feather pecking line also showed higher
parasympathetic response than birds of the high feather pecking line (Korte
et al. 1999).

This study was designed to test how great tits different for shyness and
boldness responded physiologically (body temperature and breath rate) to an
unpredictable and acute stressful event (capture and handling). At the same
time we wanted to characterise the stress response using body temperature and
breath rate as physiological markers. We tested independently two groups, one
during the daytime (active phase) and one during nighttime (inactive phase).
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The nighttime group was tested primarily in an attempt to record minimum
resting levels. We hypothesised that shy individuals show higher or more
prolonged responses than bold individuals in both parameters (Koolhaas et al.
1999; Korte et al. 1999, Korhonen et al. 2000; Carere et al. 2001).

METHODS

Subjects and housing

The great tit is a territorial, non-migratory passerine bird (body mass: 16-20
g) inhabiting woods and parks. The group of birds tested during the active
phase consisted originally of 90 chicks collected from a wild population at the
age of 10 days in May-June and hand reared under standard conditions until
independence (for details see Verbeek et al. 1994). From independence onwards
(day 25-30 after hatching) birds were housed individually in standard cages of
0.9x0.4x0.5 m with a wooden bottom, top, sides and rear walls, a wire-mesh
front and three perches. They were kept under natural light conditions (LD
10:14h during the period of the stress protocol, December 1998), 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, Tenebrio molitor) and water were provided ad libitum.

The birds tested during the inactive phase were adult male great tits
originating from a program of bi-directional artificial selection started in 1993
on the basis of the outcome of exploration tests carried out at the age of 30-
40 days (see Introduction). Lines did not differ in body mass or tarsus length.
The birds belonged to the 3rd and 4th generation, 6 of the SLOW (shy) and
10 of the Fast (bold) line. They were housed and maintained as described above.

Birds were sexed with molecular markers (Griffiths et al. 1998). Body mass,
together with other morphometric measurements were taken at the age of 6
months, about two weeks before the stress protocol.

Novel object tests

Two tests were carried out at the age of 35-40 days after hatching 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 second day. Birds were charac-
terized for shyness and boldness assessing their latency to approach the object
and the shortest distance to it within 120 sec. The results for each test were
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converted linearly to a 0-5 scale. A score of 5 was given when the bird pecked
the object, a score of zero when the bird did not land on the perch with the
object (for details see Verbeek et al. 1994; Drent et al. 2003). The sum of the
test scores, ranging from 0 to 10 is the shyness-boldness trait. Animals
characterised by intermediate scores or not consistent in the two tests were not
considered and released or used for other experiments. After the tests 29
animals with extreme responses were selected for the experiment (14 “bold”,
15 “shy”). In these birds the two novel object scores were strongly correlated
(Spearman correlation coefficient, rs = 0.76; p < 0.01, n = 29). They were
kept individually in standard conditions (see previous section) and did not
undergo any other test until the stress protocol. The birds of the selection lines
were tested in the same way to confirm the line difference.

Stress protocol and physiological measurements

The adult males of the selection lines were tested during the inactive phase
at the end of the dark period, between 630 and 730. The other group of birds
was tested during the active phase between 900 and 1200. Each bird was tested
according to the following procedure: first, the subject was chased in its home
cage and the time was measured from the moment the cage was entered with
the right hand until the bird was caught (catching time). This time scored zero
during the inactive phase since birds were caught in the darkness and care was
taken to avoid to wake them up. After capture one of two physiological
parameters, either body temperature (T1) or breath rate (B1), was measured
immediately; afterwards, the bird was put in a cotton bag hanging apart and a
second measurement of the same parameter was taken after five minutes (T2, B2).
After the second measurement the bird was released to its home cage. Sixty minutes
later, the same procedure was used to measure the second physiological parameter.
The assignment of which of the two parameters was measured first was random.
In the birds tested during the inactive phase breath rate was measured immediately
after (i.e. few seconds) body temperature.

Body temperature was measured with a thermometric probe (AMR Therm
–30+100 NTC TYP C 2244-1, AHLBORN Mess- und Regelungstechnik D-
8150 HOLZKIRCHEN — P.O.B 12 60, Germany) constantly kept in warm
water (30-35° C). The probe was inserted in the cloaca for 1 cm. It took
approximately 5-10 seconds, until the value on the display became stable.
Breath rate was measured by counting the number of breast movements during
60 seconds while firmly keeping the bird in the hand. Body mass was measured

C. CarC. CarC. CarC. CarC. Carererererereeeee



99

with an electronic balance to the nearest 0.1 g and tarsus with sliding calipers
to the nearest 0.1 mm two weeks before the tests.

Data analysis

Data were normally distributed except for catching time, normalized by log
transformation. Pairwise correlations (Pearson correlation coefficient) were
used to check the consistency of the two novel object tests and to explore the
association between catching time, body mass, body temperature and breath
rate. To test if sex or type affected catching time, univariate analysis of variance
with the two variables as fixed factors including their interaction was run with
body temperature or breath rate as dependent variables. A similar analysis was
run to check the effect of sex and type on body mass. For the analysis of the
stress response in relation to type (shy and bold), sex, and sampling time (first
and second measurement) we used parametric factorial analysis of variance
considering type and sex as grouping factor and sampling time as repeated
measure factor (two levels). Variance was homogeneous across the four
subgroups. Multiple comparisons for the variable type, separately for the two
sampling times, were performed by Tukey-Kramer LSD (least significant
difference) test. The use of this test is recommended even in absence of
significant main or interaction effects in the analysis of variance (Wilcox 1987),
since the procedure protects from the increased probability of type I errors due
to the repeated measure. An overall model pooling the two groups of birds was
run to test the effect of activity period. All tests were two-tailed. Significance
level was 0.05.

RESULTS

Active phase

Males were significantly heavier than females (means and standard errors:
19.34 ± 0.23 g vs 18.18 ± 0.17 g respectively, F1, 25 = 5.7, p < 0.004), as it
is typical for full grown great tits, and no effect of type (F1, 25 = 0.003, p =
0.96) or its interaction with sex (F1, 25 = 1.2, p = 0.29) were found. No sex
effects were found in the novel object tests (sex, F1, 25 = 1.8, p = 0.19; sex
× type, F1, 25 = 1.4, p = 0.25).

In the body temperature session, catching time ranged between 4 and 55
sec (mean: 21.8 ± 14.5 sec), but it did not correlate with any of the two
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measurements (Table1), and did not differ in relation to type (F1, 25 = 0.9, p
= 0.35) or sex (F1, 25 = 0.41, p = 0.53). In the breath rate session, it took
significantly less time to catch a bird than in the body temperature session (F1,
56 = 5.3 p < 0.01), values ranging between 4 and 40 sec (mean: 11.9 ± 9.4

Fig. 1. Body temperature (a) and breath rate (b) in shy and bold great tits immediately
after capture (T1, B1) and after five minutes (T2, B2) during the inactive and the active
phase. Values are means + SEM. * p < 0.05; ** p < 0.01.

C. CarC. CarC. CarC. CarC. Carererererereeeee

T1 T2

Bo
dy

 T
 (°

C)

37

38

39

40

41

42

Bold, day (14)
Shy, day (15)
Bold, night (10)
Shy, night (6)

*

(a)

**

B1 B2

Br
ea

th
/m

in

90

100

110

120

130

140 (b)



101

sec). Catching time in the breath rate session also did not differ in relation to type
(F1, 25 = 0.01, p = 0.92) or sex (F1, 25 = 0.05, p = 0.82) and did not correlate
with any of the two measurements (Table 1). No significant correlation was found
between body temperature and breath rate in any of the two measurements, whereas
first and second measurements correlated strongly for both parameters (Table 1).

Body temperature was significantly higher in the first measurement than in
the second one (F1, 25 = 23.9, p < 0.01, Fig. 1a, 2a). No overall effect of type
was present (F1, 25 = 1.1, p = 0.29). In shy individuals the decrease in body
temperature in the second measurement was less marked than in bold
individuals (F1, 25 = 3.7, p = 0.06, but p < 0.05 in Tukey-Kramer LSD test

Fig. 2. Body temperature (a) and breath rate (b) in male and female great tits
immediately after capture (T1, B1) and after five minutes (T2, B2) during the active
phase. Values are means + SEM. ** p < 0.01.
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in the second measurement, Fig. 1a). Females had higher temperatures than
males in both measurements (F1, 25 = 7.9 p = 0.01, Fig. 2a) by about 0.8 °C.
No significant interaction between sex and repeated sampling (F1, 25 = 0.01
p = 0.97) or between sex and type (F1, 25 = 0.28 p = 0.60) emerged.

Breath rate was also significantly higher in the first measurement than in
the second one (F1, 25 = 4.3, p < 0.05 Fig. 1b, 2b). No main effect or
interaction of type with sampling time (F1, 25 = 1.1 p = 0.31; F1, 25 = 0.22,
p = 0.64 respectively) was found. Although male birds showed a more marked
decrease in the second measurement, neither a sex difference (F1, 25 = 1.8,
p = 0.19, p > 0.05 in Tukey-Kramer LSD test in the second measurement),
nor the interaction between sex and sampling time (F1, 25 = 2.3 p = 0.14)
were significant (Fig. 2b).

The effect of sex on body temperature disappeared (F1, 24 = 1.5, p = 0.23)
when body mass was introduced in the model of the analysis of variance as a
covariate (F1, 24 = 2.9, p = 0.09), indicating that body mass could explain
in part the sex difference. In fact body mass showed a significant negative
association with body temperature in both measurements (rs = –0.44, p = 0.02;
rs = –0.64, p < 0.001, n = 29 for first and second measurement, respectively,
not shown), but not with breath rate (rs = –0.19, p = 0.32; rs = 0.15, p = 0.43,
n = 29 for first and second sampling time, respectively, not shown). When the
association of body mass with body temperature was tested separately for the
sexes, a significant negative correlation in both measurements was present in
females (rs = –0.54, p = 0.02; rs = –0.63, p = 0.004, n = 19 for first and second
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BtC 13.0

1T 31.0 41.0–

2T 10.0– 71.0– **37.0

1B 33.0– 43.0– 42.0 82.0

2B 22.0– 51.0– 90.0 31.0 **84.0

Table 1. Association (Pearson correlation coefficients and p values) between the
variables catching time (CtT: body temperature session; CtB: breath rate session), body
temperature (T1: first measurement; T2: second measurement) and breath rate during
the active phase (B1: first measurement; B2: second measurement). N = 29; ** p < 0.01.
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measurement, respectively, Fig. 3a), but not in males (rs = 0.45, p = 0.19; rs

= –0.08, p = 0.82, n = 10, for first and second measurement, respectively,
Fig. 3b). This latter result was likely due to the presence of an outlier showing
very low values in both measurements (Fig. 3b).

Inactive phase

Body temperature was significantly higher in the second measurement than in
the first one (F1, 14 = 9.0, p < 0.01, Fig. 1a). No effect of type or its interaction

Fig 3. Body temperature as a function of body mass in females (a) and males (b)
immediately after capture (T1) and after five minutes (T2).
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with sampling time was present (F1, 14 = 0.43, p = 0.52; F1, 14 = 0.08, p =
0.77, respectively). Breath rate did not differ between the two measurement
(F1, 14 = 2.4, p = 0.14, Fig. 1b). No main effect of type or its interaction with
sampling time was found, but shy birds tended to have higher breath rate than
bold birds.(type, F1, 14 = 3.5, p = 0.08; type × sampling time, F1, 14 = 2.4,
p = 0.14, respectively).

Pooling in one model the groups tested in the two activity phases revealed
a significant effect of activity period in both parameters (F1, 41 = 109.2, p <
0.001 for body temperature; F1, 41 = 10.6, p < 0.01 for breath rate, Fig. 1a,
1b), and a significant interaction with sampling time for body temperature only
(F1, 41 = 32.9, p < 0.001): overall, values were higher during the active period
and for body temperature the patterns were opposite (Fig. 1a). A main effect
of type was evident for breath rate (F1, 41 = 4.3, p < 0.05, Fig. 1b): shy birds
had higher values than bold birds.

DISCUSSION

Stress response

During the activity phase catching and handling has produced a pattern in
which both body temperature and breath rate decreased with time. Values were
higher in the first measurement, immediately after capture, than five minutes
later, when birds had been kept in a bag. During the inactive phase, when birds
were caught during sleep, the pattern was opposite for body temperature, with
values increasing with time. No difference between the first and second
measurement was found for breath rate. Both parameters had higher values
during the active than during the inactive period. The comparison between
the phases suggests that during the active phase, at least for body temperature,
the first measurement represents a stress-induced rise, and that the decrease
observed after five minutes represents the tendency to return to normal
(activity) levels. It could be that catching time during the light phase affect
more breath rate than body temperature, as suggested by its borderline
significant correlation with the first measurement. Interestingly, the association
with catching time was always negative, i.e. shorter times corresponding to
higher breath rates, like if a sudden fearful episode is more effective than the
same stressor acting for a more prolonged time (Table 1).

The rise in body temperature in the active phase may be due to stress-
induced hyperthermia, a phenomenon found in other animal species (see also
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introduction). Catching the bird and measuring cloacal temperature acted as
a stressor and elicited a very rapid hyperthermic response. In singly housed mice
80% of the maximal hyperthermic response can be reached within 5 min from
the start of the stress (van der Heyden et al. 1997). In our case the motor load
due to the increased activity of the birds attempting to escape from being
captured is unlikely to have induced the rise, since no correlation was found
between catching time and body temperature, but we cannot exclude that it
did enhance it or its rapidity. In eider ducks handled without chasing cloacal
temperature increased sharply within four minutes (Cabanac & Guillemette
2001). Anticipatory fear for an aversive event (van den Heiden 1997) could
also play a role, as it was hypothesised for farm minks showing very high values
in their first measurements (Korhonen et al. 2000).

The rise in body temperature in the inactive phase could be due mostly to
the transition from resting to activity levels, rather than stress, since values
never reached those of the second measurement during the light phase. The
latter are likely still far from baseline “activity” levels. It is expected that
subsequent measurement would lead to reach the same levels. In birds the
mean day-night difference is 2.48 °C (Prinzinger et al. 1991).

These data provide the first evidence of a hyperthermic and autonomic
response to handling stress in a songbird and suggest that body temperature
and breath rate are indicators of acute stress in songbirds. They can be
economically and easily measured in field and laboratory condition and may
provide an alternative to other parameters requiring bleeding and further
laboratory analysis.

Effect of shyness and boldness

It was hypothesised that shy individuals are more susceptible to handling stress
than bold individuals. In accordance with this we found that in shy individuals
the decrease in body temperature in the second measurement was significantly
less marked than in bold individuals. Different temperament traits predict
differential stress responsiveness over time. In male farm minks from confident
and fearful breeding lines undergoing a repeated capture stress protocol, no
significant line differences in the hyperthermic response were detected after
first capture, but during immobilisation fearful animals increased or maintained
their response levels, while confident ones decreased them (Korhonen et al.
2000). This pattern is very similar to the one of our great tits strengthening
the hypothesis that higher stress reactivity characterises individuals with a
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fearful temperament. It is important to emphasize that this differential response
was found in birds taken from a wild population in which a consistent variation
in exploration traits has been recently demonstrated together with its
heritability (Dingemanse et al. 2002). From these data the body temperature
response seems to be a sensitive marker of both the short-term stress response
and the personality trait.

Assuming a similar response as for heart rate, shy individuals were expected
to display higher values. We found that shy individuals tend to have higher
breath rate than bold individuals, confirming a previous indication in the same
species (Carere et al. 2001). This expectation came from the fact that
respiration, being likely under vagal control, can be considered controlled by the
parasympathetic system which is supposed to be the dominating system in shy
and “passive” animals (Koolhaas et al. 1999; Korte et al. 1999, see introduction).

In rodents stress-induced hyperthermia is simultaneously accompanied by
increases of plasma corticosterone, while lipopolysaccaride-induced fever also
elevates the amount of biologically available corticosterone (Groenink et al.
1994; Cabrera et al. 2000). This is in line with previous findings that shy
individuals show higher stress-induced corticosterone levels than bold
individuals (Carere et al. 2003; Damgaard & Hansen 1996). Further studies,
including an accurate comparison between the temporal dynamics of the body
temperature and the HPA axis reactivity, are needed to explore this possibility
and to further validate body temperature as a physiological marker of the stress
response in birds. On the whole our data provide evidence for a physiological
difference in individuals showing differences in “personality” traits in birds.

Sex difference

Females displayed higher values of body temperature than males in both
sampling times, and a similar trend, but not significant, was found for breath
rate. This finding is unlikely to be related with the behavioural phenotype, since
no sex differences were found in the novel object score during the juvenile
phase. It could be either due to differential stress responsiveness between the
sexes, or to a difference in basal/resting levels.

Sex is thought to be a major variable conferring differential vulnerability to
stress. Results are, however, often contrasting and likely depending on the
ecology of the species, as well as on the type of stressor used (e.g., Archer 1975;
Carere et al. 1999; Faraday 2002). In birds, males have been shown to be more
stress-susceptible than females (Silverin, 1998; Marin et al. 2002). Sex
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differences in basal levels of body temperature in the same direction of ours
have been found in many species (review in Prinzinger et al. 1991). In great
tits, when daily energy expenditure was measured after injection of doubly
labelled water in an experiment testing the costs of parental effort following a
clutch size manipulation, females showed higher values than males regardless
of the treatment (Verhulst & Tinbergen 1997). A similar difference in energy
expenditure between the sexes was also found in other passerine species (house
martin, Hails & Bryant 1979; starling, Ricklefs & Williams 1984; tree swallow,
Williams 1988), and this may reflect a general pattern.

Overall the literature survey in birds and the correlation with body mass (Fig.
3), sexually dimorphic in great tits, point in the direction that the difference
is basal. The basal difference might simply be a physiological adaptation to a
sex specific difference in thermal conductance, which is negatively correlated
with body mass in homeothermic organisms (Aschoff 1981). However, the
magnitude of the sex difference in our birds (0.7°C in T1 and 0.8°C in T2) was
higher than those reported in the literature (0.3-0.5°C, Prinzinger et al. 1991),
suggesting a stress-induced enhancement. Therefore, we hypothesize that in
species that are sexually dimorphic in body mass the lighter sex (usually
females) might face higher energetic costs than males following stress.
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