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SYNTHESIS

Chapter 1 introduces the background of my work and outlines its goals. Over
the past decade there is a growing awareness that differences between
individuals do not just reflect random noise, but may reveal important biological
information. Individuals of the same species differ consistently in behaviour
across time and situation, and the nature, development, function and evolution
of such differences are only recently being studied. The concepts of coping
strategy and animal personality are discussed, together with those of heritability,
gene-environment interactions (epigenesis) and maternal effects, in the light
of the claim that personality differences are strongly determined by genetic
information. This thesis aimed at understanding the nature and development
of the differences between personalities in a wild avian species. To pursue this
goal, I exploited two lines of great tits (a common songbird, Parus major)
bidirectionally selected for early exploratory behaviour (FAST and SLOW
lines) and thought to reflect different personalities. Their behaviour and
physiology was analysed from early ontogeny into adulthood under normal and
challenging conditions.

Section A depicts the behavioural features of the two lines in an array of
situations and tests the domain generality of the selected trait, its stability and
its consistency. The results presented in Chapter 2 originate from a long-term
longitudinal study. They show consistent individual differences in exploratory
and socio-sexual behaviour across the individual life-span in both lines. The
FAST birds are quicker in the speed of exploration, more aggressive and bolder
than the SLOW birds. These differences have striking similarities with the
“proactive” (FAST) and “reactive” (SLOW) styles previously described in
rodents. Shifts across age were detected, indicating that distinctive modes of
behaviour can change. These changes, the causes of which remain to be
addressed, affected exclusively the SLOW line, but later (Chapter 8) it was
found that the FAST line also shows plasticity. Chapter 2 is of key importance
for the remaining contributions, since it shows that indeed the two selection
lines differ in suites of correlated behaviours, or personalities. At the same time
it introduces plasticity, which is the core issue of the last section. Chapter 3
tests whether the FAST and SLOW birds differ in cognitive abilities in a
foraging context. The question is to what extent the differences between the
two personalities might be attributable to differences in cognitive abilities. The
prediction that the FAST birds (proactive style) act primarily on the basis of
earlier experience or feedforward control, rather than on feedback information
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as in the SLOW birds (reactive style), was supported by a memory-retention
test. The FAST individuals performed better than the SLOW individuals,
suggestive of a better use of information across time. This might explain their
tendency to develop routines and persist longer with a foraging habit, as found
in other studies. Birds of the FAST line were always quicker than birds of the
SLOW line to complete the learning tasks because of their shorter latencies
to initiate them, not due to superior abilities in solving them. The proposition
that SLOW birds are thorough explorers, while FAST birds are superficial
explorers could not be confirmed.

Section B explores how adult individuals characterised by the features
depicted in Section A cope with stress. The concept of coping stems from stress
physiologists working with domesticated animals under artificial conditions, but
behavioural biologists use it to understand the ways in which animals manage
everyday challenges in the natural habitat, such as territorial contests. Chapters
4 and 5 address how the two personalities cope with social defeat, both
behaviourally and physiologically. Chapter 6 looks at the effects of non-social
stress (handling protocol) in individuals hatched from wild parents and only
phenotypically characterised. On the whole, the individuals of the SLOW line
appeared to cope better with stress episodes, since behaviourally they had less
impairments in activity levels (Chapter 4). The higher adrenocortical reactivity
(Chapter 5) and body temperature reaction in the SLOW line (Chapter 6)
support this conclusion.

The characterisation achieved in these two sections allows us to analyse
whether the FAST and SLOW great tits fit the distinction of the proactive and
reactive coping styles, respectively. The resemblance is substantial, but the
differences between the lines may also lie in fearfulness. This would cut across
social and non-social challenging situations and affect risk assessment and
decision making, in turn influencing the composite exploration score.

Section C looks at ontogenetic plasticity, both descriptively, exploring when
and under which circumstances the personalities emerge, and experimentally,
questioning to what extent and for how long individuals are able to change their
personality in response to ontogenetic perturbations. Chapter 7 reports data
on the begging behaviour in nestlings of the two selection lines. Soon after
fledging the FAST nestlings begged for food more persistently and more
vigourously than the SLOW nestlings. Apparently, personalities develop early
during ontogeny in functionally-relevant behaviours. Begging probably reflects
the trait characteristic of the lines in boldness and competitiveness. At the same
time it has implications for the evolutionary explanation of parent-offspring
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conflicts. Apparently, differences in begging have a genetic background, as is
often assumed in theoretical analyses, but so far rarely demonstrated. Chapter
8 evaluates the effects of an experimental manipulation of early food condition
(achieved via food rationing) on the development of the behavioural differ-
ences. Four main findings emerge: (1) Manipulation of food provisioning
affected sibling competition and thereby the future personality traits of the
individuals, overriding genetic factors. (2) An empirical demonstration of a
complex interaction genotype-environment-social environment is provided.
(3) The effect of food rationing differed between the two lines. Although both
lines became faster, the SLOW birds showed more developmental plasticity in
exploration, while the FAST birds showed more plasticity in aggression. (4) The
ontogenetically induced shifts in personality persisted throughout age, although
an overall tendency to become faster with age was observed. Chapter 9
describes yolk hormone allocation in eggs produced by females of the selection
lines. The results show a clear line difference in androgen levels: FAST females
increased levels across the laying sequence, whereas SLOW females decreased
them. The results indicate for the first time that maternal androgen allocation
has a genetic component. Since in birds yolk androgens of maternal origin are
known to influence behavioural development, this opens the possibility for a
causal role of maternal hormones in shaping personalities.

Chapter 10 discusses the findings in a coherent perspective and draws the
main conclusions. (1) The FAST and the SLOW great tits indeed reflect
personality traits consistent, but not stable, across time and contexts. (2) Their
patterns show a number of similarities with the proactive and reactive strategies
of rodents, suggesting a possible generalization across different taxa. (3) The
development of personalities depends strongly on complex gene-environment
interactions, in which different personality traits can be affected independently
from each other.
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