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Approaches for studying Genotype-Age interactions and their application in the study of ontogeny 
and senescence of animal personality 
Jon E. Brommer, University of Turku, Finland 

 

Animal personality is a behavior which shows between-individual variance. Often different aspects of animal 
personality show a between-individual correlation, forming a behavioral syndrome. It is increasingly 
recognized that personality and behavioral syndromes need not be consistent across an individual's 
lifetime. An individual's personality or the correlation between aspects of personality may change over 
ontogeny or may show senescence during old age. From the perspective of evolutionary quantitative 
genetics, such plastic changes over age are viewed as Genotype-Age Interactions (GAI). I here outline why 
we would expect GAI (especially for senescence) and what approaches are available to quantify GAI in a 
pedigreed wild or laboratory population as well as the possibly insights we may gain by explicitly studying 
GAI in animal personality. 

 

 
We have known this all along: Historical aspects of our knowledge about phenotypic variance  
David Crews, University of Texas at Austin, USA 

 

Many, if not all, questions in biology and psychology today were formulated and considered in depth in the 
1800's-early 1900's. However, because of politics or fashion, some topics fell out of favor or failed to recruit 
new scientists and hence languished. Despite greatly expanded scholarship in the history of the life 
sciences, many such topics have had to be rediscovered, while much of the wisdom already accrued stays 
in the older literature and not in active minds. This is particularly true today when scientific advances appear 
at breakneck speed. It would not be an exaggeration to say that much of the current state-of-the-art is 
technique driven rather than conceptual; indeed, many 'breakthroughs' are really rediscoveries of these 
long dormant areas. It is as if there was no real science before there was PubMed.  
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Another problem is the apparent need of each new generation of scientists to implement a new vocabulary 
to describe old concepts; in other words, to put old wine into new bottles or, for what will follow, new 
phonemes. Take, for example, the efforts to understand how the individual develops, a central question 
from the modern origins of both biology and psychology. Prior to the discovery of heritable units, this was 
represented in the debate of the late 19th and early 20th centuries between preformationism and epigenesis. 
Although for a time epigenesis prevailed, August Weismann’s germ plasm theory (i.e., genetic information 
cannot pass from soma to germ plasm to alter heredity in the next generation) along with the then new field 
of genetics led to the dominance of the genocentric view in biological investigation. This in turn contributed 
to controversies about the presumed separation of nature versus nurture with its more modern form being 
the Gene by Environment (G x E) partitioning of heritable variation. Thus, the question, rephrased, became 
how the genotype results in the phenotype. Despite repeated demonstrations that the question is actually 
nature and nurture with genes and environment shaping phenotypes, the polarization of science was well 
underway. Similarly, ‘systems biology’ today is a far cry from its origins where developmental processes 
were the crux rather than how large data sets derived from state-of-the-art might relate, usually without 
consideration of the organisms that generated the data.  

 
 
Behavioral plasticity in humans: an integrative view 
Marco Del Giudice, University of New Mexico, USA 

 

In this talk, I aim to synthesize current theory and evidence to offer an integrative view of behavioral 
plasticity in humans. I will begin by examining key stages and transitions in behavioral development, with 
emphasis on prenatal development, middle childhood, and puberty, and a look at important but seldom 
investigated life history transitions such as that to parenthood. Then I will discuss individual differences in 
plasticity, their genetic and environmental determinants, and the potential for parent-offspring conflict over 
the child’s level of plasticity. Throughout the talk, I will highlight the central role of the stress response 
system in integrating information and mediating plasticity over the life course, and discuss its possible 
interactions with sex hormones at critical developmental junctures. 

 

 

Diet and development of animal personality 

Chang S. Han, Niels J. Dingemanse*, *LMU of Munich, Germany 

 

Nutrition constitutes a major component shaping development of behaviour. Variation in diet can lead to 
among-individual variation in single behaviours (‘personality’) as well as among-individual covariation 
among behaviours (‘behavioural syndromes’). Owing to the existence of genetic correlations underpinning 
behavioural correlations, behavioural syndromes are thus shaped by the joined effects of genetic and 
environment factors. The relative importance of each component has, however, not yet been studied, 
despite major evolutionary repercussions of alternative proximate underpinnings. Here, we outline how the 
acquisition of resources likely shapes the expression of multiple behaviours and the genetic correlations 
among them. We argue that the nutritional environment might thus affect the expression of genes with 
pleiotropic effects that influence development of multiple behaviours and their syndrome structure. Such 
diet-dependent multivariate gene-environment interactions would have major repercussions for the 
evolution of behavioural syndrome in response to natural selection. 
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Early challenges elicit resilience, life history plasticity and an intergenerational effect in blue-footed 
boobies (Sula nebouxii) 

Hugh Drummond*, Cristina Rodríguez, Sergio Ancona, *UNAM, USA 

 

According to the Poor Start hypothesis, early experience of social stress or food scarcity prejudices 
development, resulting in deficits during adulthood in diverse traits, such as learning ability, display ability, 
body size and brain morphology. Similarly, the Silver Spoon hypothesis predicts that favorable conditions in 
infancy promote development and engender superior performance during adulthood. There is also a 
widespread expectation that stimuli experienced in infancy can sometimes elicit adaptive developmental 
responses by providing individuals with information on the environments they will encounter. Formal 
differences between these two processes – developmental damage/enhancement versus adaptive 
developmental plasticity – can be unclear, for instance when animals mitigate costs of early challenges by 
adaptively redeploying their resources rather than simply succumbing to insult and deprivation, and 
empirical exploration of the fitness consequences of phenotypic plasticity in natural environments is much 
needed. 

Our studies of long-term developmental impacts of early experience on the behavior, physiology and life 
histories of blue-footed boobies  do not fit initial expectations of developmental damage/enhancement or of 
adaptive developmental plasticity, and they may provide a basis for a more integrative understanding of 
how wild animals respond to the challenges that occur their natural environments. 

With this aim, we will discuss the implications of three sets of results obtained for a marked population of 
boobies studied in the natural habitat over more than thirty years. (1) Although El Niño Southern Oscillation 
probably depletes food availability and demonstrably depresses reproductive variables including fledgling 
body mass, boobies fledged in El Niño years survive and produce as many offspring over at least the first 
10 years of life as those fledged in La Niña years. To do this, they start breeding earlier in life and take 
more frequent sabbaticals. (2) Experience of El Niño during infancy does not preset male and female booby 
fledglings to survive better or reproduce more successfully when facing similar stressful conditions in 
adulthood, as would be expected under the Predictive Adaptive Response hypothesis. (3) Second-hatched 
chicks suffer daily violent aggression, elevated circulating corticosterone and diminished feeding and 
growth due to constant sibling domination throughout the nestling period. However, despite being slightly 
underweight in their first years, those that fledge perform just as well as their dominant siblings during 
adulthood on all measures including natal dispersal, survival, recruitment, aggressive defence of the brood 
and reproductive success up to at least age 16 years. Interestingly though, the fledglings they produce in 
the first years have poor prospects of ever breeding.  

 

 

How does natural selection shape sensitive periods in the development of social behaviour? 
Tim W. Fawcett*, Willem E. Frankenhuis *University of Bristol, UK 

 

Social behaviour results from an interaction between evolutionary and developmental processes of 
adaptation: behaviour is adjusted during development in response to information about the social 
environment, via physiological and psychological mechanisms that have evolved through natural selection. 
This adaptive developmental plasticity varies across the lifespan, punctuated by one or more sensitive 
periods during which behaviour is particularly responsive to social experiences. For example, social 
interactions early in life can have pronounced and lasting effects on behaviour, as highlighted by the 
pioneering studies on filial and sexual imprinting by ethologists such as Lorenz, Immelmann and Bateson. 
More recent work has identified adolescence as another critical developmental phase in many species for 
adapting to the social environment. Despite broad interest in these patterns, we lack a general 
understanding of why, from an evolutionary perspective, such sensitive periods exist in the development of 
social behaviour. As a first step to addressing this problem, here we outline a conceptual framework for 
understanding when natural selection should favour changes in plasticity across development. Adopting an 
information-based perspective, we define plasticity as the degree to which an individual changes its 
phenotype in response to cues received during development. We identify three (non-mutually-exclusive) 
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factors that promote differential plasticity across the lifespan. First, there may be variation across 
development in the availability of cues that indicate the social circumstances relevant to a particular type of 
behaviour. New cues can become available when individuals interact with a new set of partners (e.g. after 
dispersal to a different social group), when the nature of social interactions changes fundamentally (e.g. 
pre- versus post-pubertal interactions with opposite-sex peers), or when both things occur together (e.g. a 
shift from interacting mainly with parents to mainly with peers). Second, there may be variation across 
development in the informativeness of cues, due to exogenous or endogenous reasons. Cue accuracy (i.e. 
the extent to which cues reflect the true conditions) may vary across development (exogenous)—e.g. cues 
indicating the intensity of mating competition an individual can expect to face as an adult will tend to be 
more accurate in late adolescence than in early childhood. Even when confronted with equally accurate 
cues, individuals at different developmental stages may also differ in their prior uncertainty about the social 
environment (endogenous)—e.g. older individuals have typically received more cues than younger 
individuals. Finally, there may be variation in the fitness consequences of information received across 
development. A given unit of information may differentially affect fitness over the lifespan because of 
changes in the ability of individuals to adjust their behaviour accordingly (e.g. limited plasticity due to 
unrelated factors) or because the fitness consequences of behavioural adjustments vary. We fit existing 
theory on adaptive developmental plasticity into this framework and examine some simple scenarios to 
illustrate the range of patterns the above three factors can produce. We then review published empirical 
studies reporting differential plasticity in social behaviour at different life stages, and examine these through 
the lens of our conceptual framework to identify possible reasons for these changes in plasticity. Our aim is 
to stimulate a more functional approach to the study of sensitive periods in social development. 

 

 

Cognitive skills essential for changing behavioral phenotypes during life 
Russel D. Fernald, Stanford University, USA 

 

What do animals know and how do they know it? To understand an animals response to changing 
phenotypes during a lifetime, we study communication about sex, which is arguably the most potent 
selective force in evolution (though light is a close second). In most social species, females are the rate-
limiting step in sexual behavior so male behavior has evolved to impress and manipulate females for 
reproduction. One mechanism is the evolution of dominance hierarchies that are ubiquitous in social 
species. Typically, males compete for high rank and attaining that rank dramatically influences their quality 
of life. Perks include increased access to food, reproductive opportunity and improved health outcomes. Not 
so for low ranking animals that have limited access to food, a suppressed reproductive system, limited 
reproductive opportunities and adverse health effects. Such hierarchies are valuable for saving energy 
otherwise needed to repeatedly assert high status. Using a fish model system, we have shown that animals 
have a surprising number of cognitive skills they use in the service of gaining status. For example, from 
observation alone, they use logic to figure out the dominance hierarchy amongst sets of males. Assessing 
the relative status of other males saves energy, allowing them to choose more wisely whom to challenge for 
higher status. Males attend to who is watching when they fight, adjusting their efforts up or down depending 
on the audience. Males can also improve their fighting skills through observation, allowing them to ascend 
socially more readily. Females observe male fighting and use that information in mate selection, using this 
skill only when they are ready to mate. The consequences of these cognitive activities are reflected in 
physiological changes. When a male ascends in status, within minutes, he up regulates genes required to 
achieve reproductive competence, which follows within days. Moreover, neurons that regulate reproduction 
in the preoptic area containing gonadotropin-releasing hormone, enlarge dramatically, become 
interconnected and deliver more signal to the pituitary. Correspondingly, when animals lose status these 
cellular and molecular processes reverse. The valuable cognitive skills in this species have evolved in 
response to requirements of social living and the remarkable physiological changes they cause reflect their 
evolutionary importance. 

 

 

  



PAGE 5 

 
Behavioral plasticity in primates: ontogenetic determinants and evolutionary consequences 
Claudia Fichtel, Peter Kappeler,  German Primate Center, Göttingen, Germany 

 

Primatologists have long been greeted with smiles by other students of animal behavior for emphasizing 
individual behavioral variation and for giving names to their study subjects. Consistent inter-individual 
differences in behavior have now also been recognized and studied from different perspectives in many 
other animal taxa, however. Because non-human primates are relatively long-lived and large-brained 
mammals that exhibit complex social behavior, they are an interesting taxon for the study of determinants 
and consequences of behavioral plasticity, in particular.  In this contribution, we review four relevant 
aspects of this topic. First, we briefly summarize variation in relevant primate life history traits and patterns 
of parental care to distinguish them from other mammals and to emphasize inter-specific variation in 
developmental schedules among primates. Second, we review evidence for behavioral plasticity in 
primates, focusing on different methods to quantify inter-individual variation. Third, we summarize evidence 
– primarily from captive studies of a few model species – of pre- and postnatal effects on behavioral 
development in order to identify processes and mechanisms that contribute to behavioral plasticity. Finally, 
we examine consequences of behavioral plasticity for individual survival and reproductive success in wild 
primates and speculate about evolutionary consequences of chronic maternal stress on behavioral 
phenotypes in the primates of Madagascar. 

 

The importance of the postnatal context for the study of prenatal effects 
Ton G.G. Groothuis1, Sophie Rettenbacher3, Bin-Yan Hsu1, Rie Henriksen1,2. 

1. Ton G.G.Groothuis, Behavioural Biology, University of Groningen, the Netherlands 
2. Linköping University, Sweden 
3. University of Veterinary Medicine, Vienna, Austria Email: a.g.g.groothuis@rug.nl 

 

In order to study the importance of processes in the prenatal phase, the embryonic environment is 
experimentally manipulated and its effects are often assessed after hatching. In most studies, the postnatal 
condition in which the prenatal manipulations are evaluated is not varied and often consists of standard 
laboratorial conditions. The postnatal condition is, however, a crucial player in how the effects of the 
prenatal manipulation come about. Disregarding the interaction between the prenatal and postnatal context 
may lead to incomplete or wrong interpretations. We illustrate this with our studies of prenatal maternal 
effects in birds. 

First, quail mothers were exposed to either mild heat stress (34 degrees celcius), or moderate housing 
temperatures (22 degrees) during egg production and their chicks were, in a split brood design, housed 
under both conditions, creating four groups: Under matched conditions, chicks were housed like their 
mothers (mothers and chicks both housed under heat stress or control temperatures, respectively). In 
mismatched conditions, chicks coming from heat stressed mothers were themselves housed under control 
temperatures and vice versa). There was a clear interaction effect between the prenatal and postnatal 
condition on both behaviour and physiology of the chicks. Interestingly, some data suggests that the 
matched condition, even when chicks were housed under heat stress, was advantageous, suggesting that 
mothers anticipate environmental conditions in which their offspring will be reared and adapt their chicks by 
maternal effects. 

Second, elevation of yolk testosterone within the natural range in eggs of the rock pigeon had positive 
effects under good food conditions during chick rearing, but detrimental effects under poor food conditions. 

These results not only have important implications for the study of prenatal development and the 
evolutionary frame work of maternal effects, but shed new light on existing discrepancies in the literature 
and generate new questions about physiological mechanisms. 
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Sex differences in animal personality: generating hypotheses 
Anja Günther, Fritz Trillmich, Klaus Reinhold, Bielefeld University, Germany 

 

Animal personality represents individual behavioural differences that are consistent over time and across 
contexts. Within species, males and females differ in reproductive behaviour and are influenced by distinct 
selection pressures. Hence, they can be expected to differ consistently in many aspects of behaviour due to 
sexual selection. However, explicit testing for sex-differences is remarkably rare in research on personality. 
This under-representation of the topic is also clear from a search of the ISI Web of Knowledge citing the 
articles of Dall et al. 2004, Sih et al. 2004 or Reale et al. 2007. Of 520 articles citing these reviews, only 220 
tested both sexes and of those only 129 tested for sex-differences statistically. Across all represented taxa 
(8), sex differences in mean behaviour were found in only about 1/3 of the tests. The percentage of sex 
differences depended on taxon and on the behavioural trait investigated. Differences in activity and 
exploration were only found in 17% / 24% of all studies that tested these parameters while sex differences 
in sociability were found in 80%. Aggressiveness differed between sexes in more than 95% of studies in 
mammals and birds, but in less than 10% in fish. These results raise interesting questions about the 
generality of sex differences and the mechanisms causing them. Future investigations should apply more 
hypothesis-driven testing of potential sex differences based on predictions from sexual selection and life 
history theory taking the specifics of the biology of the species into account.  

 

 

Hormones as mediators of behavioral effects and integrators of environmental influences 
Michaela Hau*, Wolfgang Goymann, *MPI for Ornithology, Seewiesen and University of Konstanz,Germany 

 

Hormones can have probabilistic effects on behavior, i.e. the presence of a hormone may influence the 
likelihood of a behavior to occur in the appropriate context. On the other hand, behavioral interactions can 
influence the secretion of hormones. Our main question is whether a particular hormonal profile shapes a 
particular behavioral phenotype or vice-versa. We will first provide a brief description about how hormones 
and behavior can influence each other. Then, we will review the evidence for a causal role of hormones in 
shaping behavioral phenotypes at various ontogenetic and life-history stages, with a focus on birds and 
steroid hormones. We will start with the adult phenotype and describe the phenomenon, i.e. are particular 
behavioral phenotypes associated with a particular hormone level? Then, we will review the evidence of 
activational and organizational effects of hormones on behavioral phenotypes. Because there are excellent 
reviews on maternal effects in early life we will focus on potential longer-term consequences that early-life 
hormone profiles may have on the development of behavioral phenotypes, including recent findings with 
regard to epigenetic effects. 

 

 

Inflammatory Factors, Stress, and the Shaping of Behavioral Phenotypes 
Michael Hennessy, Wright State University, USA 

 
During pathogen exposure, proinflammatory processes induce an array of behavioral adjustments termed 
“sickness behaviors”, including inactivity, postures that conserve body heat, and pronounced reductions in 
environmental exploration and social interactions. The mediators of these effects are pro- and anti-
inflammatory cytokines—peptide messengers active in both the immune and nervous systems. Sickness 
behaviors are typically conceptualized either as an adaptation to fight infection (e.g., behavioral means to 
support the generation of fever) or as reflecting a pathological condition themselves (as an animal model for 
depressive illness). However, the relation of cytokines to behavioral processes is more complex than the 
term “sickness” implies. For instance, although a reduction in social interactions is a commonly observed 
sickness behavior, cytokines can also stimulate social behavior, and sickness behavior can be suppressed 
by meaningful social stimuli. Further, stressors as well as immunological stimuli can induce cytokine 
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expression and subsequent behavioral change. Developmentally, cytokines are essential for normal neural 
maturation. Moreover, early immunological stimulation of cytokine responses can induce long-term changes 
in hypothalamic-pituitary-adrenal responses, central glucocorticoid receptors, and behavior that resemble 
those produced by early life exposure to stressors. In all, extant findings suggest that cytokine expression, 
whether induced by immunological stimuli or stressors, can induce adaptive behavioral change unrelated to 
pathogen exposure or pathology, and provide a mechanism by which behavioral phenotypes may be 
shaped for future environmental contingencies.   

 

 

Mother's Milk and Infant Temperament: The Darwinian Trifecta of Variance, Heritability, and Fitness 
Outcomes in Rhesus Monkeys 
Katie Hinde*, Greg Blomquist, John Capitanio,* Harvard University, USA 

 

Stable behavioral phenotype (e.g. “temperament,” “personality,” “behavioral syndromes”) has been 
increasingly recognized in a multitude of taxa as highly variable among individuals, partially heritable, and 
influencing fitness parameters. Here we will evaluate this “Darwinian Trifecta” via a large-scale, longitudinal 
biobehavioral assessment research program in rhesus monkeys (Macaca mulatta) in the pedigreed 
breeding colony at the California National Primate Research Center. In infancy, subjects underwent a 25-
hour standardized bio-behavioral assessment (BBA) to investigate responsivity to stressful challenges; 
measures included subjective temperament ratings and objective behavioral observations. Aspects of 
behavioral phenotype were indeed heritable (h2=0.02-0.4, N>2000), however a substantial amount of 
variation in Confident and Nervous temperament factors was explained by early maternal environment, 
particularly mother’s milk (adjR2=0.20-0.44, N=108). These data suggest that infant macaques calibrate 
their behavioral phenotype to calories and hormones in mother’s milk, and that this calibration differs 
between sons and daughters. We further hypothesized that mother’s milk influences organization of 
behavioral phenotype such that infants preferentially allocate energy to survival and growth rather than 
behavioral activity. Here we follow-up prospectively by investigating fitness outcomes as a function of 
behavioral phenotype in infancy among female rhesus (N=567). As predicted, aspects of behavioral 
phenotype significantly predicted survival during infancy (“Confident”), growth rate to adulthood 
(“Gentleness”), and age at first viable birth (Adaptation to Stressful Challenge). Of particular importance, all 
analyses incorporated maternal social rank and maternal parity, long-valued parameters in animal behavior. 
These results suggest that even among a well-fed captive population, variation in behavioral organization is 
substantial, heritable in complex ways, and influences fitness parameters throughout development and 
during transitions to reproductive maturity.  

 

 

Neural and Molecular Plasticity Underlying Social Competence 
Hans A. Hofmann, University of Texas, USA 

 
Social animals possess sophisticated cognitive abilities for assessing, evaluating, and responding to a wide 
range of social cues. Such social competence allows individuals to optimize their behavior based on the 
available social information. Despite our detailed understanding of the ultimate (fitness) consequences of 
social competence in some contexts, surprisingly little is known about its neural and molecular 
underpinnings. Social competence relies on flexible decision-making processes in the brain. Recent studies 
demonstrated that the molecular pathways and neural networks that mediate social behavior are at least 
partially conserved across vertebrates, suggesting that shared mechanisms may drive adaptive behavioral 
responses to social stimuli. For example, vertebrates share a Social Decision Making (SDM) network of 
fore- and midbrain nuclei involved in behavioral regulation and evaluation of stimulus salience. 

I will discuss recent advances in the neurobiology of flexible and context-dependent social behavior across 
vertebrate taxa, focusing on female mate choice, pair-bonding, and aggressive behavior. Furthermore, I will 
highlight recent insights from my laboratory into the mechanisms mediating cooperative behavior, an 
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exemplar of social cognition. Specifically, we have developed an experimental paradigm in the cichlid fish 
Astatotilapia burtoni – a model system in social neuroscience – that employs the “dear enemy effect” 
exhibited by neighboring territorial males of many species to identify the neural circuitry, molecular signaling 
processes, and regulatory mechanisms involved in social competence. To avoid the costs of renegotiating 
boundaries with a new neighbor, a territorial male may actively display aggression toward an intruder on the 
neighboring territory. While such cooperative behavior is predicted to be widespread in nature, it has rarely 
been observed nor are the underlying neuromolecular mechanisms known. We show that upon repeated 
exposure to a territorial neighbor, levels of aggression, androgens, and cortisol decrease over time. We 
then demonstrate that the presence of a novel intruder in an adjacent territory results in joint territorial 
defense in a manner that depends on the size and behavior of the resident partners. To gain functional 
insight into this behavior, we manipulated the dopaminergic system in the resident male. Treatment with a 
D2R agonist directs aggression toward the neighbor, while blocking D2R signaling focuses aggression 
toward the intruder. We then measured immediate-early gene induction to identify neural correlates of 
cooperative behavior in nodes of the SDM network, specifically also within dopaminergic cell populations. 
Covariance patterns of neural activity, hormone levels, and behavior are strikingly different between male 
partners, such that the response to an identical stimulus largely depends on an individual’s role in the 
defense coalition. Our results provide the first evidence of defensive coalitions in a vertebrate, and provide 
novel insights into the neuromolecular basis of cooperative behavior and social cognition in general. 

 

 

The contribution of siblings to shaping behavioural and physiological phenotypes during early 
development in the European rabbit 
Robyn Hudson*, Amando Bautista, Heiko Rödel, *Mexico City, USA 
 

Although most mammals grow up in the company of same or different age sibs (or half sibs), surprisingly 
little is known about how relations among them influence the development of individual differences in 
behavioural and physiological phenotypes. We will use the European rabbit Oryctolagus cuniculus, both in 
its wild and domesticated forms, to illustrate how competition among littermates in accessing limited  

 

resources results in the formation of predictable pre- and postnatal niches influencing individuals’ 
development in predictably different ways. 

For most mammalian young, body mass at birth is an important predictor of early growth, survival and later 
fitness. In rabbits, birth mass varies considerably among littermates and depends in part on the site of 
implantation in the uterine horns. Fetuses closest to the ovaries, and to a lesser extent closest to the cervix, 
are significantly heavier than their sibs from more central sites, and from birth have a greater chance of 
surviving to weaning and beyond. This is largely due to their greater success in competing for two vital and 
usually limited early resources; milk and thermally advantageous positions in the litter huddle. Heavier pups 
are quicker to attach to nipples and consequently gain more milk than their lighter littermates, aided by their 
greater body mass and more developed motor abilities. They also compete more successfully for central, 
well-insulated positions in the litter huddle. As a consequence, they maintain a higher body temperature, 
convert milk more efficiently into body mass, and burn less brown than their lighter, more peripheral and 
physically more active sibs. However, it is not absolute body mass that is important in shaping such 
differences but rather body mass relative to other littermates. Cross-fostering pups in such a way as to 
make light pups heavy relative to their new littermates, and heavy pups light, results in pups expressing 
behavioural, morphological and physiological phenotypes corresponding to their new position relative to 
their foster sibs.  

We are presently investigating the effect that such pre- and early postnatal developmental “niches” might 
have on behavioural phenotypes at later life stages. We suggest, however, that given the sustained 
differences in the neurophysiological mechanisms underpinning such early developmental trajectories, it 
would be surprising if early niche occupancy had no consequences for the expression of later behavioral 
phenotypes and associated differences in life history strategies.   
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The shaping of behavioural profiles over the life time in wild and domestic guinea pigs  
Sylvia Kaiser, Norbert Sachser, University of Muenster, Germany 

 

Through the process of domestication a substantial shift in cognition, emotion and behaviour occurs, 
resulting in distinctly different behavioural profiles of wild and domestic animals members of the same 
species. For both wild and domestic animals, individual differences in behavioural profiles are also shaped 
by their social experiences during ontogeny. Using domestic guinea pigs and wild cavies as a model 
system, this contribution focuses on the different behavioural profiles of wild and domestic animals. In 
addition, the role of the social environment for the modulation of behavioural profile during early 
development i.e. during adolescence, and in adulthood is addressed. 

Wild and domestic guinea pigs differ distinctly in behaviour and endocrine stress responses. Under 
standardized conditions domestic guinea pigs, for example, show lower stress responsiveness, reduced 
aggressiveness as well as increased social tolerance and heightened vocalization compared to their wild 
counterparts. We argue that the behavioural profile of wild cavies represents an adaptation to the selection 
pressures of their natural habitat while the substantial shift in the behavioural profile of domesticated 
animals helps them to adjust to man-made housing conditions. 

Concerning ontogeny, the mother’s social environment during pregnancy and lactation is crucial for the 
offspring behavioural profile. In both wild and domestic guinea pigs, social instability during these critical 
periods of development brings about a behavioural and neuroendocrine masculinisation in daughters and a 
less pronounced expression of male-typical traits in sons. These effects of the social environment are likely 
to be mediated by maternal hormones. From an evolutionary perspective, the behavioural effects of social 
experiences during this phase of life are not necessarily “pathological” (nonadaptive) consequences or 
constraints of adverse social conditions. Rather, mothers could be adjusting the offspring to their 
environment in a predictive, adaptive way.  

Adolescence is another period in which behavioural development is particularly susceptible to social 
influences. In domestic guinea pigs, there is evidence that social experiences at this time alter and canalize  

 

behaviour and endocrine stress responses in an adaptive fashion to meet current environmental conditions. 
In terms of underlying neuroendocrine mechanisms, a central role for the interaction of testosterone and 
stress hormones is suggested. 

The continuity in the processes by which the social environment shapes behavioural profiles from prenatal 
to adolescent life raises the question of possible shaping even beyond adolescence. Indeed, in domestic 
guinea pigs some indications for the adjustment of behavioural profile after adolescence exist. 

In summary, the different behavioural profiles of wild and domestic animals represent adaptations to their 
natural and human-made environments, respectively. In addition the social modulation of individual 
behavioural profiles and stress responses from the prenatal phase through adulthood appears to represent 
an effective mechanism for repeated and rapid adaptation.  

 

 

The Role of Social Influences in the Transgenerational Effects of Paternal Stress in Rhesus 
Macaques 
Erin Kinnally, UC Davis, USA 

 

Across species, transgenerational effects of stress have been reported. The “inheritance” of acquired stress 
related traits is an understudied phenomenon in behavioral development, and has important potential 
biomedical and evolutionary implications. We have discovered a transgenerational effect of experimental 
maternal deprivation (nursery rearing, or NR) in rhesus macaques, a close evolutionary relative to humans. 
In infant rhesus macaques living in semi-naturalistic outdoor enclosures in large social groups, we observed 
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that infants with fathers or paternal grandfathers that has experienced early NR exhibited poorer immunity 
and greater trait nervousness than their similarly reared counterparts with CONTROL, seminaturalistically 
reared fathers or paternal grandfathers. These paternal line effects of NR were surprising because males 
interact with their offspring little in macaque life history. We investigated whether social exposure to 
mothers and fathers was necessary to induce the transgenerational effects of NR stress by examining the 
effects of paternal line NR in infants separated from their parents and social groups. We observed a 
significant effect of paternal NR in the absence of postnatal exposure to the mother and father, suggesting 
that the transgenerational effects of NR may not require social mechanisms.  Future research will examine 
whether genomic mechanisms or gene x environmental interactions mediate the transgenerational effects 
of early NR stress in primates. 

 

 

Lifetime development of behavioral phenotype in the house mouse 
Lars Lewejohann, University of Osnabrück, Germany 

 

 

During the ontogeny of an individual the phenotypic plasticity, i.e., number of optional behavioral 
phenotypes that can be expressed is gradually reduced. The initial range of plasticity is largely determined 
by the genetic material/composition of the gametes whereas interacting with the given environment shapes 
individuals to adapt to/cope with the specific environmental demands. In mammalian species, phenotypic 
options are cut down gradually as the fetus grows, depending on the environment in the uterus, which in 
turn is dependent upon the outer environment the mother experiences during pregnancy. Thus 
environmental as well as genetic factors shape an individuals' phenotype ab initio.  After birth, a complex 
interaction between innate constitution and environmental conditions shapes and reduces plasticity, 
bringing about diversity among individual subjects.  

In laboratory mice inbreeding has been systematically induced in order to reduce the genetic variability 
between experimental subjects. In addition within most laboratories conducting behavioral phenotyping of 
laboratory mice breeding and housing conditions are highly standardized. However, despite such 
standardization efforts a considerable amount of variability persists in the behavior of laboratory mice 
indicating that it is virtually impossible to control for all possible ontogenetic impacts even under 
standardized laboratory conditions. In a recent study we found evidence that the phenotypic variation that 
can still be observed despite standardization of genetic background and environment is not merely random 
but might involve individual specific behavioral patterns consistent over time and contexts (i.e., "animal 
personalities"). In order to understand the mechanisms and the possible adaptive value of the maintenance 
of individuality we analyze the stratification of behavioral phenotypes over the course of the life of 
genetically identical mice. Using long term monitoring of large groups of mice we could demonstrate that a 
massive magnification of individual differences in explorative behavior is emerging within three month. 
Moreover, these differences were neuronally manifested and could becorrelated with differences in adult 
hippocampal neurogenesis. We thus propose that the accumulation of small environmental differences and 
experiences lead to stable "mouse individuality" over the lifetime. 

 

 
 
Early stress in rodents: Effects on emotional behaviour and endocrine reactivity in adults. 
Simone Macrì ,Istituto Superiore di Sanità, Roma, Italy 

The influence of perinatal life conditions on individual development has received considerable attention by 
several disciplines. To give few examples, ecology, ethology, psychology, and biomedicine have 
systematically investigated the role of the early environment in shaping individual development. Ethological 
considerations indicate that individuals of many different species adjust their phenotype in accordance with 
the environmental cues encountered during the early stages of life. This phenotypic adjustment is proposed 
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to favour individual environment-specific adaptive responses whereby the early cues are hypothesised to 
match adult demands. Maladaptive adjustments may occur in situations in which precocious cues offer an 
inadequate forecast of later life conditions. The hypothalamic-pituitary-adrenocortical (HPA) axis has 
constituted a key target in these investigations whereby it mediates a number of evolutionary-relevant 
phenomena, ranging from defensive responses to reproductive behaviours. Subsequently, the influence of 
environmental variations on individual development has been leveraged to propose animal models of given 
human disorders resting on an altered function of the HPA axis (e.g. depression or post traumatic stress 
disorder). Yet, hardly ever have these studies approached phenotypic adjustments from an evolutionary 
adaptive perspective. Herein, we describe a series of studies in which the influence of the neonatal 
environment on individual development has been approached from eco-ethological considerations and 
attempt to bridge it to fundamental biomedicine. Ultimately, we attempt to define which characteristics of the 
neonatal environment may constitute the most likely predictor of later stress and fear responses observed 
in laboratory rodents.  

 

 

Development of behavioural syndromes over the lifetime of a holometabolous insect 
Thorben Müller, Caroline Müller, Bielefeld University, Germany 

 

Until now, most studies on the development of invertebrate behaviour over the lifetime focused on 
hemimetabolous species like firebugs or crickets. However, metamorphosis may serve as switch point in 
which behaviour could be significantly reorganized. Therefore, we investigated the consistencies, or 
changes, of behavioural syndromes over the lifetime of a holometabolous insect, Phaedon cochleariae 
(Coleoptera: Chrysomelidae), testing up to eight behavioural traits repeatedly, two times during the larval 
and three times in the adult stage. Two behavioural dimensions, boldness and activity, could be determined 
consistently across all life stages. However, we found differences between the life stages in boldness and 
activity. Young larvae were bolder but less active than adults which may be explained by possible niche 
shifts after metamorphosis. Additionally, we found that young larvae that developed quicker were more 
active, which fits to the pace of life syndrome. Over adulthood, the behavioural dimensions remained 
consistent. Females were more active than males, which may be due to their higher body mass and food 
requirements as well as a higher searching effort to find oviposition sites. In summary, our study 
demonstrates a stable presence of behavioural syndromes over the lifetime of a holometabolous insect. 
Age-specific challenges individuals have to face at one stage may explain the found differences in 
behavioural traits at the respective life stage. 

 

 

Early environmental effects on personality development in great tits (Parus major)  
Marc Naguib* and Kees van Oers, * Wageningen University, NL 

  

Environmental conditions during early development play a crucial role in shaping an organism’s phenotype. 
Such early influences are not only strong at very early developmental stages, such as before hatching/birth 
and during the period of dependence from parents but also the period of adolescence has strong effects on 
subsequent behavioural characteristics of an individual. Indeed, much of the striking individual differences 
in behaviour that exist result from experiencing differences in early environmental (e.g. nutritional and 
social) conditions. These experiences often affect the consistency and plasticity with which individuals 
respond to environmental challenges later in life, issues addressed specifically by studies focusing on 
animal personality. Here we will present studies on early environmental effects on the expression of 
personality traits, mainly using the great tit (Parus major) as a model. We studied both early social effects 
as well as early environmental effects on personality traits and will outline some issues that require more 
attention in research along this line.  
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How do social environments modify the expression of behavioural variation? 
Petri T. Niemelä*, Francesca Santostefano, Niels J. Dingemanse, *MU of Munich, Germany 

 

Repeatable among-individual variation in behavior (‘animal personality’) has gained a lot of attention during 
the past decade, with current studies focusing on its ecological and evolutionary causes and 
consequences. Among-individual variation is typically viewed as originating from among-individual 
differences in innate properties of the individuals, i.e. stable ‘state’ variables. Nevertheless, extrinsic factors 
are acknowledged as important modifiers of behaviour. Interactions between individuals, or social 
environments, have recently become one of the key components of extrinsic variables modifying 
behavioural variation. Specifically, characters of the social partners (i.e. size, shape, behavior), may modify 
trait expression in a focal individual. Behavioural modifications can occur at various timescales depending 
on the nature of social interactions: some social effects are only measurable during social interaction while 
others extend also beyond social context. Most likely, duration/strength of the effect differ according to the 
underlying mechanisms triggered by the social interactions. Short term social effects, which might be 
measurable only during the social interaction or shortly after, may have a basis in hormonal profiles or labile 
state variables. Long term social environment effects on behaviour, however, might be mediated by more 
stable state variables: if the social environment has directional effects on the focal individual’s state, it may 
also define behavioural expression of the focal trough state-behaviour interactions, crossing the borders of 
social context. Labile state variables may, for example, be modified by social interactions if the social 
environment modifies the focal individual’s access to energy resources (e.g. body mass, energy reserves, 
etc), or mating opportunities (cf. the trade-off between current and future reproduction). Even though there 
is already theoretical literature on the ecological and environmental effects of social environments, the time 
scales of how variation is modified through social interactions remain unclear. Understanding the temporal 
nature of social environment effects on trait expression is important, since it helps us to understand the 
variation patterns of behavioural traits modified by the social interactions. Here, we propose a framework on 
how social interactions can generate and maintain behavioural variation at different timescales.  

 
 
The role of play in shaping of behavioural phenotypes 
Marek Špinka, Institute of Animal Science, Prague 

 
Play behaviour occurs mainly during the juvenile period and it does not seem to have an obvious immediate 
function. Therefore, many hypotheses about the function of play orbited around the notion that play shapes 
behavioural phenotypes in an adaptive way and thus the costly juvenile play pays off later in life through 
more flexible, resilient, effective and/or skilful behaviour or physiological setup. Direct experimental 
evidence that play moulds adult behaviour / physiology is sparse and limited to a few species so far. 
However, indirect evidence, including “argument from design”, comparative studies across taxa as well as 
theoretical/modelling work, suggests that different play modes have diverse effects on various adult 
behaviours and the underlying brain structures in the array of mammalian species.  It is proposed that play 
behaviour is a “breeding ground” in mammalian phylogeny for various adaptive ontogenetic trajectories. 
 
 
Exploring the adaptive value of early-environment effects 
Barbara Taborsky, University Bern, Switzerland 

 

The environment experienced early in life can shape phenotypes lifelong and can even affect the 
phenotypes of future generations. Some of these environmental influences induce large phenotypic effects 
such as significant alterations to key life history traits or major behavioural strategies. As selection acts on 
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phenotypes it is unlikely that such lasting, considerable plastic phenotypic variation is neutral. Nevertheless 
it has been so far remarkably difficult to demonstrate general fitness benefits of plastic adjustments towards 
early conditions. For example, a recent meta-analysis on environmentally induced maternal effects failed to 
detect a significantly improved performance of offspring growing up in conditions matching their parents' 
environment compared to mismatched offspring. Here I will discuss four points why we may often fail to 
detect clear benefits of anticipatory plasticity. (1) Factorial match-mismatch experiments have been 
increasingly adopted as a powerful tool to detect adaptive anticipatory plasticity, but these controlled 
experiments are rarely done in the wild. Under lab conditions we often focus only on small facets of an 
animal's overall performance, which may estimate fitness only poorly. (2) Anticipatory plasticity can only be 
adaptive if the environment is predictable to a certain degree, but in many study systems we lack 
quantitative information about environmental predictability in space and time. (3) The majority of 
developmental experiments manipulates only one environmental dimension at a time, but the real world is 
complex and effects of ecological factors on development may interact. (4) Similarly, most environmental 
manipulations target only one life stage, but evidence suggests that early-environment effects can be 
reversible giving animals the opportunity to correct early developmental decisions to some degree. I will 
illustrate these four issues by examples showing the consequences of broadening the 'classical' approach 
of match-mismatch experiments for our understanding of the adaptive value of early-environment effects.  

 


