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Stellingen 

1. De indeling van koolmezen in de categorieen 'snelle' en 'langzame' 
exploreerders op basis van continue variabelen is zinvol. 

Dit proefschrift 

2. Brutale en voorzichtige koolmezen hebben verschillende gedragsstrategieen, 
die beide even goed kunnen leiden tot het verkrijgen van een territorium. 

Dit proefschrift 

3. Het gebruik van morfologische kenmerken als maat voor dominantie is 
onterecht. Dominantie is immers geen eigenschap van een individu; zij wordt 
bepaald in interactie met anderen en is omkeerbaar. 

N.a.v. Reskaft E, Jarvi T, Bakken M, Bech C and Reinertsen RE, 1986. Animal 
Behaviour 34: 838-842 

4. Optimaliseringsmodellen van gedrag in stressvolle situaties zijn alleen 
toepasbaar als rekening wordt gehouden met verschillende 
gedragsstrategieen. 

5. De metingen aan het metabolisme van mezen door Hogstad lijken meer te 
maken te hebben met stress dan met rust. Zijn conclusie dat dominante 
mezen een verhoogd rustmetabolisme hebben is dan ook aanvechtbaar. 

Hogstad 0, 1987. Auk 104: 333-336. 

6. In het geval dat Engelstalige studies over koolmezen voor vrouwenstudies 
worden aangezien, hebben Latijnse soortnamen hun nut. 

7. Het aantal te bejagen dwergvinvissen in de Noordoostatlantische oceaan lijkt 
bepaald door natte vingerwerk en nationale belangen. 

8. Blijkens de EU visserij-akkoorden is overbevissing voor de kust van West-
Afrika minder erg dan overbevissing in de Noordzee. 

9. Het idee dat groei van de economie nodig is om de natuur te redden sluit 
naadloos aan bij de huidige opvatting over de maakbare natuur, welke 
zonder beleidsplan nergens meer een voet tussen de deur krijgt. 

N.a.v. 'Onze maakbare natuur' door Koos van Zomeren, NRC 12 april 1997 

10. De maatschappelijke en financiele onderwaardering van het leraarschap trekt 
een wissel op de toekomst. 

11 . De arbitraire termijn van vijf jaar dat een emeritus hoogleraar nog als 
promotor kan optreden is voor sommige promovendi uiterst nuttig. 

Stellingen bij het proefschrift 'Bold or Cautious: behavioural characteristics and dominance 
in great tits'van Monica Verbeek. Wageningen, 19juni 1998 
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DANKWOORD 

Het mezen is gedaan! Als iemand mij tevoren verteld zou hebben hoe lang het 
zou gaan duren, had ik waarschijnlijk ongelovig gelachen en op mijn voorhoofd 
getikt. En als ik de afgelopen zes jaar niet steeds opnieuw zeer optimistisch en 
na'i'ef had gezegd dat het 'bijna a f was, was dit proefschrift waarschijnlijk 
nog niet verschenen. Dat het er nu toch is, heb ik ook te danken aan 
verschillende mensen. 

Afgezien van de 'pietjes' zoals in Heteren de mezen genoemd werden, zijn er 
nog drie Pieten betrokken geweest bij dit werk. Van hen wil ik als eerste prof. 
Wiepkema danken. Hij weet waarschijnlijk zelf niet dat hij al flink wat jaren 
geleden een belangrijke rol speelde waardoor ik uiteindelijk aan dit proefschrift 
ben begonnen. Toen ik tegen het eind van mijn kandidaats studie biologie een 
keer naar huis fietste, verlangend naar mijn bed na een nacht lang feesten, zag ik 
een paar studiegenoten van mij tussen de optrekkende mistflarden fris en 
monter de uiterwaarden inlopen, gewapend met verrekijkers en speurend naar 
vogels. Toen wist ik het zeker: ik zou nooit een Echte Bioloog worden. Terwijl ik 
me in de maanden daarna bezon op wat ik dan wel zou kunnen gaan doen, 
maakte ik mijn kandidaats af. Een van de laatste colleges die ik daarvoor nog 
moest volgen was ethologie, gegeven door prof. Wiepkema. Het was een 
verademing. Dit was pas echt interessant en nog boeiend voorgeschoteld ook. Ik 
vond ethologie zelfs zo leuk, dat ik besloot toch maar mijn studie biologie af te 
maken. Toen ik daarna de kans kreeg dit promotie onderzoek te doen, vond ik 
het dan ook erg fijn dat prof. Wiepkema mijn promotor wilde zijn. Veel van wat 
ik van hem had geleerd, heb ik op de koolmezen kunnen toepassen. Zijn vragen 
en opmerkingen op de juiste momenten hielpen mij telkens een stap verder. 
Dankzij zijn steun durfde ik, na anderhalf jaar besteed te hebben aan metabolisme 
metingen en hormoonbepalingen, het toch nog voor de resterende tijd over een 
heel andere boeg te gooien en naar gedragsverschillen te gaan kijken. Ik ben erg 
blij dat ik, op de valreep, als allerlaatste, nog bij hem mag promoveren. 

Kennis over koolmezen heeft Piet Drent me bi jgebracht. Ook van z i jn 
uitgebreide veldervaring en zijn bereidheid in tijden van grote drukte bij te 
springen heb ik dankbaar gebruik gemaakt. Ik heb nog steeds grote bewondering 
voor het geduld en de aandacht waarmee hij en Peet Drent jaarlijks een enorme 
hoeveelheid jonge meesjes met de hand groot brachten tot gezonde, sterke 
mezen door ze elk half uur van zonsopgang tot zonsondergang te voeren. Ik 
hoop dat de familie Drent er niet teveel onder heeft geleden. Piet wil ik vooral 
danken dat hij, ondanks zijn aanvankelijke scepsis, mij alle vrijheid gaf om af te 
wijken van de oorspronkelijke onderzoeksvraag. Inmiddels heeft hij er een 
prachtig vervolg aan gegeven. 



DANKWOORD 

De laatste Piet die hier genoemd moet worden is de Goede. Zijn scherpe obser-
vaties van de gebeurtenissen in de voliere groepen hielpen mij bij het begrijpen 
en ontrafelen ervan. Achteraf bezien realiseer ik me dat ik erg veel van hem heb 
gevraagd door met hem wekenlang achter elkaar ontzettend lange dagen te 
maken in de zomers dat er gegevens verzameld moesten worden. Gezellige 
dagen, dat wel. Ook Anne Boon heeft keihard meegewerkt. Dankzij haar geduldig 
gepeuter aan gegevens als student kreeg ik weer vertrouwen in mijn onderzoek. 
En dankzij haar gezellig geleuter als assistent vond ik het uren mezen turen 
minder lang duren. De laatste zomer vormden we met zijn drieen een goed 
team, en ik ben blij dat Anne en Piet mij ook nu bij willen staan als paranimf. 

Marcel Klaassen wil ik als redder in nood danken voor zijn enorme hulp bij het 
bouwen van de opstelling waarmee ik het metabolisme van heel veel mezen 
heb gemeten. Ik hoop dat hij niet al te teleurgesteld is dat er, ondanks zijn 
geduldige uitleg en goede adviezen, uiteindelijk vrijwel niets van die gegevens 
in het proefschrift zijn opgenomen. Dat lag zeker niet aan hem! / am very 
grateful for the hospitality of Hubert Schwabl, who kindly offered me the use of 
the laboratory at the Max Plack Institut in Andechs. He patiently taught me how 
to analyse hormone levels in small amounts of bird blood, and after a while I 
was even able to do that after a lunch at the beer cloister of Andechs. 
Unfortunately I could not use the results in this thesis. 

I would like to thank Prof. John Krebs for making the right remark about bold 
dominants at the right time, which had put me on the right track for the data 
analysis. He kindly discussed several research plans, and I am grateful that he 
was prepared to be a member of the PhD committee. 

Ab Wijlhuizen en Wil Keultjes bouwden de volieres. Vooral 'Keul' was zeer 
vindingrijk in het met simpele middelen bouwen van de meest vreemde 
opstellingen, al t i jd geleverd met begeleidend relativerend commentaar. 
Bovendien was zijn kennis van het houden van vogels onontbeerlijk en wist hij 
door zijn praktische tips de verzorgingstijd van de steeds grotere hoeveelheid 
mezen voor ons enigszins te beperken. Ook Nettie Holman heeft daarbij 
geholpen door ongelooflijke hoeveelheden badjes en bakjes in- en uit de 
afwasmachine te ruimen. Ik geloof dat niet iedereen in het instituut het op prijs 
kon stellen dat dat tussen de koffiekoppen door ging. 

Verder wil ik Hans van Balen danken dat hij me destijds de kans gegeven heeft 
dit onderzoek te gaan doen, ook al was ik ietwat verdacht want geen Groningse 
student. Jan Woldendorp schonk mij een half jaar extra de tijd, zodat ik nog een 
derde zomer gedragsgegevens kon verzamelen. Zonder de gegevens van die 
derde zomer was dit proefschrift niet mogelijk geweest. Karin Kurk verzamelde 
nog enkele extra gegevens van dominantieverhoudingen in voliere groepen. Ik 
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dank mijn ex-collega's van de vogelafdeling voor commentaar op manuscripten 
en de discussies over mijn werk en over vogels in het algemeen. Mijn ex-
collega's van Greenpeace toonden steeds begrip als ik weer eens een weekje vrij 
nam om te 'mezen', al vonden sommigen dat ik die mezen 'rustig moest laten 
kezen'. Kathy Robertson was kindly prepared to edit several chapters of this 
thesis at a short time notice. 

Mijn ouders dank ik voor hun niet aflatende interesse voor al mijn werk en hun 
hulp tijdens de laatste loodjes. Ook de rest van de familie en mijn vrienden wil 
ik danken voor hun belangstelling. De voorzichtige vragen naar de voortgang 
van mijn proefschrift tijdens mijn jaren bij Greenpeace heb ik toch best op prijs 
gesteld. Lucas, tenslotte, heeft een belangrijke bijdrage geleverd aan dit 
proefschrift. Niet alleen vanwege zijn steun en begrip voor mijn mezenmanie al 
die jaren, zelfs tijdens avonden en weekenden. Maar ook omdat hij me met 
technische zaken op statistisch gebied hielp, een hele scherpe discussiepartner 
was en feilloos zwakke plekken wist aan te wijzen in eerdere versies van dit 
proefschrift. Dank! 

Lissabon, april 1998 
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GENERAL INTRODUCTION 

Social dominance 

Most animals have a rich repertoire of social interactions. They group together 
for safety, take care of their young and so on. They also fight with each other for 
resources such as food, mates or shelter. Within families or other social groups, 
the same individuals will meet each other frequently which can lead to repeated 
fights between two individuals. If one of them consistently wins, the pair has a 
dominance relationship with a dominant winner and a subordinate loser. In a 
group, most individuals are involved in such dominance relationships, which 
leads to the establishment of a social hierarchy. 

Since dominant individuals generally enjoy better access to resources, 
dominance in pair-wise fights or place in the hierarchy (social rank or status) can 
be one of the factors determining who in a population wil l become sexually 
mature, who wil l reproduce, who will leave the population and who wil l die 
(Huntingford and Turner, 1987). Therefore dominance can play an important 
role in the life of an individual. Reproduction and survival determine the lifetime 
reproductive success of an individual. This, in turn, determines its contribution 
to the gene pool in the next generation, which represents the fitness of that 
individual (Daan and Tinbergen, 1997). Dominance thus influences processes at 
the population level. Effects of social dominance can become stronger as the 
density (numbers per unit area) of the population increases and competition 
becomes more important. This is often the case in bird populations. For 
example, in blue grouse, the dominant individuals have better chances of 
obtaining breeding territories and at high population density some individuals 
are excluded from breeding territories and even may not reproduce (Zwickel, 
1980). In w i l l ow t its, dominant birds obtain more food in winter than 
subordinate birds, and at high densities more juvenile wi l low tits, who are 
subordinate, die in winter (Ekman, 1984). Consequently, the size of the 
population is l ikely to remain within certain limits. If each member of a 
population gained only a part of the food, presumably more animals would die 
and the size of the population would oscillate. Since the effects of social 
dominance are often density dependent, they can act to control the size of the 
population, being more influential at high population densities and slowing 
down the rate of population increase. 

If social dominance is so important, then who becomes dominant? This question 
is the starting point for this thesis. Several factors determine social dominance 
(for an overview see Pusey and Packer, 1997). Rivals may differ in size, weight, 
strength or fighting ability and a large animal may simply beat a smaller one. 
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The value of the resource may be different for rivals; a hungrier animal wil l fight 
harder. If one rival is resident in an area longer, he generally wins over the one 
who arrived later. Experience in fights can also be important. An individual who 
has lost earlier fights, has a higher chance of losing again, while winners will 
probably win again, even over a bigger opponent. The influence of these factors 
on social dominance has been thoroughly studied in many species, both in 
theoretical models and in empirical studies with laboratory experiments or in 
natural situations. 

Apart from these well-studied factors, consistent individual levels of aggression 
can affect social dominance. Aggressive individuals generally win over non-
aggressive ones. The phenomenon, that individuals can be characterised by their 
aggressiveness and the subsequent effect on social dominance, has mainly been 
studied in artificially selected domesticated or laboratory animals. Individual 
levels of aggressive behaviour in mice and rats, measured in tests against 
standard opponents, differ considerably and have a genetic basis (Lagerspetz, 
1964; van Oortmerssen and Bakker, 1981). These levels are associated with 
individual rank in a group (van Oortmerssen ef al., 1985; Fokkema, 1985). 
Experiments with genetically selected aggressive and non-aggressive mice show 
that they differ in their physiological and behavioural response to social 
interactions (Benus, 1988). Aggressive mice react in an active way and either 
attack or flee, while non-aggressive mice react in a more passive way and when 
attacked they withdraw and become immobile. These different types of 
reactions, active versus passive, were also found in non-social situations (Benus 
et al., 1987; Benus era/., 1990). In fact, the aggressive and non-aggressive mice 
appear to be two different types of animals, showing consistent differences in 
behaviour whenever challenged by their environment. They have different 
behavioural strategies to cope with environmental challenges (Benus ef al., 
1991; Koolhaas ef al., 1997). These different coping strategies are reflected in a 
whole variety of behaviour, ranging from aggression and exploration (Benus ef 
al., 1991) to nest building (Sluyter, 1995). Different coping strategies are found 
in a growing number of mammal species like tree shrews (von Hoist, 1986), 
beech martens (Hansen and Damgaard, 1993) and pigs (Schouten and Wiepkema, 
1991; Hessing et al., 1994). Until now, they have not been studied in birds. 

Genetically selected domesticated or laboratory animals have reduced genetic 
variation and grow up in an environment with little variety compared to the 
natural situation. So far, the possibility that coping strategies, or more generally 
individual consistent behavioural characteristics, could also exist in natural 
populations has not been thoroughly studied (but see van Oortmerssen and 
Busser, 1989; Sapolsky, 1990). This question deserves more attention, because 
behavioural characteristics such as aggressiveness can influence social 
dominance, which in turn can have important consequences for the fitness of an 
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individual and for the composition and dynamics of the population. By studying 
coping strategies in a natural population, it is possible to link the current 
thorough knowledge of coping strategies with their ecological function for 
survival and reproduction. This thesis aims to take a first step by studying the 
existence of individual consistent behavioural characteristics and their effect on 
social dominance in the great tit (Parus major), a resident territorial bird. 

Social behaviour of great tits 

Great tits are a suitable model species since their social behaviour is well 
studied, ranging from detailed descriptions of threat postures to the yearly 
fluctuations in aggression (e.g. Hinde, 1952; Blurton Jones, 1968; de Laet, 1985). 
Moreover, social dominance plays an important role in the life of individual 
great tits and on population level (e.g. Drent, 1983; Krebs, 1971). Many choices 
in this study depend on current detailed knowledge of the social behaviour of 
great tits. An outline of the most relevant aspects of this behaviour is presented 
in the following. 

Aggressive behaviour develops only gradually. Young great tits become 
independent of their parents on average 14-21 days after fledging (de Goede, 
1982; Verhulst and Hut, 1996). Once independent, juveniles flock together, 
either near their place of birth or after migration to areas rich in food (Dhondt, 
1979; Drent, 1984). In this period, exploratory behaviour is a major activity 
(Baker, 1993). Only after some weeks do the first aggressive interactions over 
food and space take place. Gradually a dominance hierarchy develops in the 
flock of juveniles (Drent, 1983). 

During moulting in August/September, a sexual differentiation in aggressive 
behaviour develops and males usually win over females (Drent, 1983). All males 
that have survived to that point (on average 40-50%; Drent, 1984) wil l try to 
occupy empty territories between settled adult birds. Birds with a high social 
rank in the resident flock have the best chance of success (Drent 1983). Females 
will fight with each other to find a mate with a high social rank or a territory. 
Once settled, the territorial male defends the site throughout its life, as long as 
foraging conditions inside and around the territory permit. This is not a territory 
in the strict sense. At the site they are dominant over all other birds, but they 
tolerate flocks of birds without territory and even join them to forage and roam 
over large areas if there is insufficient food in their own territory. Also outside 
their territory, territorial birds are dominant over birds without territory and have 
first access to food (Drent, 1983). Territorial birds have a relatively good chance 
of surviving winter; depending on food availability and winter weather, about 
25-70% of the territorial birds are still locally present after winter, but this was as 
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low as 11% in a severe winter when even territory owners dispersed (Drent, 
1979; van Balen, 1980). The birds without territory are worse off. Their local 
winter survival is only 4-25%. These non-territorial birds have the choice to 
either stay put and wait until a vacancy occurs (usually by death of the owner) or 
to disperse in the hope of finding less populated areas with vacant territories. 

In the spring, with the breeding season coming up, winter flocks break up and 
all males without territory roam alone or accompanied by a mate. A new wave 
of attempts to find a territory occurs, but the situation differs from the autumn 
settlement. In spring it is not the social rank in the hierarchy, but outcomes of 
short fights between two roaming birds that wil l determine settlement (Drent, 
1983). Territory owners are now more bound to their territory and less tolerant 
than in the autumn; they chase intruders away more frequently. Although pairs 
without territory can breed by intruding a territory, behaving inconspicuously 
and rapidly building a nest, they produce about half the number of fledglings of 
territorial pairs (Dhondt and Schillemans, 1983). 

Outline of the thesis 

A first step in the study of possible effects of ind iv idual behavioural 
characteristics on social dominance in great tits, is to determine if great tits do 
indeed differ consistently from each other in their behaviour and if they can be 
characterised individually this way. If consistent, behavioural characteristics 
should be present already early in life before any dominance relationship 
develops. Probably the first measurable behaviour great tits perform in life is 
begging in the nest. However, this behaviour of an individual nestling is very 
much influenced by its temporary level of hunger, by the behaviour of its 
siblings and by the feeding behaviour of its parents. Therefore it wil l be difficult 
to obtain independent measurements of individual nestlings. Such measurements 
are easier to obtain after the fledglings have become independent of their 
parents. Then their main activities are exploration and foraging. This study starts 
in chapter 2 with the examination of consistent individual differences in early 
exploratory behaviour. It presents measurements of this behaviour in great tits as 
young as four weeks. In chapter 3 the question is studied whether those 
juveniles also differ consistently in their first aggressive behaviour later in life, 
when agonistic interactions can also be seen in natural circumstances. Detailed 
observations during pair-wise fights are used in that chapter to analyse the 
relationship between early exploratory behaviour, aggressive behaviour and 
dominance. Although the relatively 'simple' experimental set-up with pair-wise 
fights allows such an analysis, in the natural situation dominance relationships 
between juvenile great tits develop in a flock situation implying complex 
interactions. This is taken into account in chapter 4, which describes the 
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development of a stable social hierarchy in aviary groups. Juveniles with 
different exploratory behaviour were put together in the period immediately 
preceding the territorial strife in autumn. In that chapter an analysis is presented 
of the relationship between early exploratory behaviour and the initial fighting 
behaviour in such groups and the resulting stable hierarchy in these groups. 
Chapters 3 and 4 yield seemingly contradictory results. Chapter 5 offers an 
explanation for this paradox. This explanation is tested in a pilot study with an 
experiment in which the familiarity of the aviary for groups of juveniles is 
manipulated. In the final chapter 6 the results of this study are discussed in the 
light of coping strategies. Causal aspects such as a genetic basis and phenotypic 
plasticity are discussed, as well as functional aspects such as possible costs and 
benefits in different phases in the life of the great tit. 

Hand-rearing of great tit nestlings 
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CHAPTER 2 

CONSISTENT INDIVIDUAL DIFFERENCES 
IN EARLY EXPLORATORY BEHAVIOUR OF 

MALE GREAT TITS 

Abstract 

Individual differences in early exploratory behaviour were investigated in hand-
reared juvenile male great tits, Parus major, during the first 18 weeks of their life. 
The juveniles differed consistently in their reaction to a novel object in a familiar 
environment, either when tested with different objects or when tested again after 
a time span of 9 weeks. Birds that approached a novel object more quickly, were 
also quicker to visit all artificial trees present in a novel environment than birds 
that approached a novel object more slowly. These behavioural differences 
extended to the strength of foraging habits, built up during a training in which 
food was always offered at the same place. After a change in the location of 
food, the quicker birds would keep going to the place where the food used to 
be. The slower birds tended to change their behaviour and stop going to the 
former place. The results show that juvenile great tits differ consistently in 

_LJL various aspects of their exploratory behaviour at least during the first 18 weeks 
of life. The variation in behaviour was not likely to arise from differences in 
general activity or physical condition, but seem to refer to differences in the way 
of which information concerning the environment is collected and dealt with. 

Introduction 

To survive, animals must be famil iar w i th their local environment. By 
exploration, they learn where, for example, food and water can be found, and 
where they can hide. Being familiar with the area may also influence the 
outcome of competitive interactions (Krebs, 1982; Drent, 1983; Stamps, 1987; 
Sandell and Smith, 1991). Therefore, the effectiveness of exploratory behaviour 
has important consequences for the life of an individual. 

Individuals can differ consistently in their reaction to a new situation and their 
ways of collecting information about their environment, as has been reported for 
example for wolf cubs, Canis lupus (MacDonald, 1983), mice, Mus musculus, 
and rats, Rattus norvegicus (Benus ef a/., 1987), bluegill sunfish, Lepomis 
macrochirus (Ehlinger, 1986; cited in Clark and Ehlinger, 1987) and pigs Sus 
scrofa (Hessing ef a/., 1994). In rodents, individuals that spend much time on 
exploration in a novel environment remain alert to st imuli in a known 
environment, as demonstrated by the rapid adjustment of their behaviour to 
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environmental changes, whereas individuals that spend less time on exploration 
in a new situation, quickly lose their attention for the environment, as shown by 
the development of routine-like behaviour (van Oortmerssen et al., 1985; Benus 
et al., 1987). Routines represent behavioural patterns that are largely 
independent of actual external stimuli (Benus, 1988). Animals showing routine­
like behaviour usually perform the behavioural patterns rapidly and without 
hesitation, but they are slow to adjust the pattern to changes in the environment. 

In several laboratory studies of foraging behaviour in tits, large individual 
behavioural differences have been reported in hand-reared as well as wi ld 
captive ones (Smith and Sweatman, 1974; Partridge, 1976; Krebs et al., 1977; 
Kacelnik et al., 1981). In most studies, however, it is not obvious whether there 
is any consistency in the reported behavioural differences, nor is it clear at what 
age behavioural differences become overt in tits. 

During the post-fledging period, exploratory behaviour in juvenile great tits may 
play an important role in their lifetime reproductive success as suggested by 
Baker (1993). In this period, mortality is high (>50%; Drent, 1984), while many 
juveniles disperse (Dhondt, 1979; Drent, 1984). Exploratory behaviour is a 
major activity in great tits after fledging, and individual differences in exploratory 
behaviour may have important consequences for survival. 

In this study we examined whether juvenile male great tits show consistent 
differences in various aspects of early exploratory behaviour over a period of 
several months. We studied exploration in a novel environment and of a novel 
object in a familiar environment, as well as the occurrence of foraging habits. 
This study is part of a project on behavioural characteristics and juvenile 
dominance. Since agonistic behaviour and dominance differ between sexes 
during development we restricted ourselves to males. 

Methods 
Subjects 

We conducted this study from June to August in 1990, 1991 and 1992 with 19, 
21 and 27 hand-reared juvenile male great tits, respectively. Eight to 12 days 
after hatching, the subjects were collected from their nests in mixed woods in 
the Netherlands. In each year nestlings of comparable age were taken 
(maximum difference of 7 days) to avoid age-related differences in behaviour. 
The young were hand-reared on a diet of a mixture containing a sour milk 
product, ground beef heart, baby cereal, multivitamin solution and calcium 
carbonate, supplemented with pieces of mealworms and larvae of the beet army 
worm, Spodoptera exigua and wax moth, Galleria mellonella. The nestlings 
were fed without handling, using tweezers. During hand-rearing, the young were 
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kept together in groups of siblings in natural nests placed in cardboard boxes. All 
birds could feed themselves 4-5 weeks after hatching. Survival during hand-
rearing was more than 95% in each year. 

When the birds were 15 days old, they were sexed by the colour of the primary 
coverts. Their tarsus length was also measured to the nearest 0.1 mm using a 
calliper, and their body mass to the nearest 0.05 g using a Mettler laboratory 
balance. Females were returned to their original nests in the forest. At an age of 
5 weeks, just before the first experiment started, the young were weighed again 
to determine their condition, expressed as weight/tarsus length. 

Housing 

When the birds could feed themselves, they were housed individually in standard 
cages of 0.9x0.4x0.5 m, with solid bottom, top, side and rear walls, a wire-mesh 
front and two perches. Each cage was connected to an observation room via a 
sliding door of 20x20 cm in the rear wall. The birds were kept under natural light 
conditions, and they had acoustical and visual contact with other individually housed 
juveniles 2 m away. They were provided with ad libitum drinking (and bathing) 
water, sunflower seeds and commercial seed mixture, which was supplemented 
daily with mealworms and the mixture on which they had been reared. 

Observation room 

The first two experiments were conducted in a light-tight observation room of 
4.2x2.5x2.3 m. Along each 4.2 m wall were eight sliding doors connecting the 
birds' living cages with the room, and one 2.5 m wall had a door with a one­
way screen through which the birds were observed. We led birds from their 
living cages to the observation room and back without handling, by darkening 
the room or cage when it was to be left. The observation room contained five 
artificial trees made of wood, with a trunk of 4x4 cm and 1.5 m high and four 
cylindrical branches 20 cm long. The upper two branches were placed 5 cm 
below the top on opposite sides of the trunk and perpendicular to the lower two 
branches that were placed 20 cm lower. 

Experiments 

In three experiments the birds were tested separately. Behaviour was recorded 
continuously using an event recorder. 

Exploration of a novel environment 
To determine whether individuals differed in their exploratory behaviour we 
recorded individual exploration in a novel environment 1 day after the birds had 
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been housed separately at an age of 4-5 weeks. Observations were made 
between 0830 and 1400 hours in the observation room and the birds were 
observed in random order during a 10-min period. One hour before each trial 
the birds were deprived of food. In this experiment, a bowl with six wax moth 
larvae was hooked onto the tree nearest to the bird's living cage. 

As a measure of exploratory behaviour we used the time it would take a bird to 
visit all five trees, quantified as the time of first arrival at the fifth tree (referred to 
as arrival time below). Birds that did not visit all five trees within 10 min were 
given a score of 10 min. For a better understanding of the behaviour patterns 
preceding arrival time we also observed the number of tree visits, the number of 
branch hops during a tree visit, and the time a tree visit lasted. A tree visit was 
defined as a change of tree or a return to the tree after a flight through the 
observation room. A branch hop was defined as a hop from one branch to 
another within the same tree. The correlations between arrival time and the 
three other behavioural measures were calculated. 

Habits in foraging 
In 1990, we recorded individual differences in the strength of foraging habits for 
the same individuals which were used to study exploratory behaviour. 
Immediately after the first experiment the birds were trained to feed in the tree 
nearest to the living cage in the observation room. The training procedure 
involved three phases, each lasting 7 days with 5 successive days of observation, 
a day of rest and a final observation day. In the first phase, a bowl with six wax 
moth larvae was hooked onto the tree nearest to the bird's living cage as in the 
previous experiment. In the second phase the wax moth larvae were covered 
with a thin layer of sand, making them not immediately visible. In the third 
phase a bowl with a thin layer of sand was hooked onto each tree, but only the 
bowl in the tree nearest to the bird's living cage contained wax moth larvae. 

After phase 3 the strength of the foraging habit built up during the training was 
tested by changing the food distribution. In this test each tree contained a bowl 
with a thin layer of sand just as in phase 3, but the wax moth larvae had been 
displaced from the nearest tree to the tree furthest away. The strength of an 
existing foraging habit was quantified by the number of visits to the previous 
location of the wax moth larvae. 

During training and the test, each bird was observed once a day, after a food 
deprivation of 1 h. Observations were made between 0830 and 1400 hours in 
random order. The first trial of a new training phase and the final test lasted 10 
min; the other trials lasted 5 min. To determine whether individual differences in 
exploratory behaviour of a novel environment extended to the attention given to 
changes in a known environment, we calculated the correlation between arrival 
time and the number of visits to the former food bowl. 
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Reaction to a novel object in a familiar environment 
To determine whether individuals differed consistently in their reaction to a 
novel object, we replaced one of the two perches in the living cage by a perch 
with a novel object. In 1990 and 1992, the experiment was carried out when the 
birds were 9 weeks old, using a penlight battery as object. The test was repeated 
the next day with an 8 cm pink rubber toy ('pink panther'). In 1992 we repeated 
these two tests with 17 randomly chosen birds using the same objects when the 
birds were 18 weeks old, to assess the persistence of the individual reactions. To 
avoid habituation to the objects, we took a time span of 9 weeks. In 1991, we could 
only test the birds once with a penlight battery at the age of 12 weeks; however, 
given the agreement in procedure and results we also consider that test. 

All tests were executed between 0900 and 1200 hours. The reaction of each bird 
was recorded from behind a screen for the first 2 min after the object was 
introduced. To quantify the bird's reaction we used three measures: (1) the latency 
time for the bird to sit on the perch with the object (approach time), with a maximum 
of 2 min if the bird did not sit on the perch within the trial time; (2) the minimum 
distance to the object; and (3) the total time spent on the perch with the object. 

We tried to determine whether the observed behaviour was really induced by 
the novel object rather than reflecting the ongoing behaviour of the birds. 
Therefore, in 1992 we measured the approach time to the perch, still without the 
object, during the 2 min prior to introduction of the object. We compared this 
pre-test behaviour with the behaviour observed during the test. 

Data analysis 

Since most parameters were not normally distributed we used nonparametric, 
two-tailed tests. Most associations between variables were analysed using a 
Spearman rank correlation coefficient (rs); however, we used a logistic regression 
with dummy variables to determine the association between arrival time in a 
novel environment and the approach time to a novel object (Hosmer and 
Lemeshow, 1989). This test with categorical data was more appropriate than a 
rank correlation coefficient, since there were many tied observations, owing to 
finite trial times in both variables. Furthermore, by using logistic regression it 
was feasible to test for differences in trends between years. 

Results 
Exploration of a novel environment 

Individuals differed considerably in arrival time. The frequency distribution of 
the approach time was not normal, being flat with a peak when arrival time was 
10 min or more, owing to the finite trial time. Arrival time ranged from 40 s to 
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10 min (median 432 s in 1990, 511 s in 1991 and 578 s in 1992. Since arrival 
time tended to differ between years (Kruskal-Wallis one way ANOVA: Kruskal-
Wallis statistic=5.11, n=67, p=0.08) we analysed the correlations between 
arrival time and the other behavioural measures separately for each year. 

Arrival time was positively correlated with the average duration of a tree visit, 
but not with the number of tree visits before arrival time (table 1). This means 
that a short arrival time was caused by short tree visits, rather than by few tree 
visits. In agreement with this, the birds with a short arrival time visited more 
trees in the total trial time of 10 min than the birds with a long arrival time. These 
latter birds hopped more frequently from branch to branch during a tree visit. 
This was significant in 1991 and 1992, but not in 1990. During longer tree visits the 
birds spent their time actively by hopping more between branches in all three years. 

In 1990 and 1991 there was no correlation between condition and the arrival 
time (table 1); however, in 1992 there was a negative correlation, indicating that 
birds in a better condition had a short arrival time. 

Table 1. Spearman rank correlation coefficients between the different measures of 
exploratory behaviour in a novel environment for each year and between 
exploratory behaviour and physical condition. 

1990 
<N = 19) 

0.60** 
0.28 

-0.52* 
0.09 

1991 
(N = 21) 

0.68** 
0.15 

-0.46* 
0 . 6 1 * * 

1992 
(N=27) 

0.54** 
-0.22 
-0.43* 
0.70** 

duration of tree visits before AT1 versus AT 
#2 tree visits before AT versus AT 
# tree visits summed over whole trial versus AT 
# branch hops per tree visit before AT versus AT 
# branch hops per tree visit before AT versus 
duration tree visits 0.54* 0.86** 0.56** 
Body condition (g/mm) versus AT -0.31 -0.08 -0.41 * 

'Arrival Time: time of first arrival at the last of the five different trees *p<0.05 **p<0.01 
2# = number of 

Habits in foraging 

On the last 3 days of training, all 19 birds ate at least one wax moth during the 
trial. Most of the birds immediately went to the food bowl and started feeding. 
Some birds (usually three to five) first visited other trees before feeding; these 
were not always the same individuals. On the last day of training, the visit 
frequency to the food bowl ranged from one to seven times (median: 3). Only 
three of the 19 birds visited all trees. This means that the behaviour of the birds 
was strongly directed towards the bowl with food at the end of phase 3. 

In the test, 1 7 birds immediately went to the bowl where the food used to be. 
The remaining two first visited other trees, just as on the last day of training. The 
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visit frequency ranged from two to 18 times (median: 8), which was significantly 
more often than on the last day of training (Wilcoxon Matched Pairs test: 
z=3.70, n=19, p<0.01). Some birds visited the old bowl a few times, and then 
either returned to their l iving cages before the trial had ended, or went to 
explore other trees and bowls. Other birds kept on going to the food bowl, even 
though there was no longer any food in it. In general, the birds visited more trees 
in the test than they had done the day before (z=2.55, n=19, p<0.01), indicating 
an increase in exploration. 
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Figure 1. The number of 
visits to the former location 
of the food (old bowl) in the 
foraging habit test in 
relation to the arrival time at 
the fifth tree in the novel 
environment (rs= -0.53, 
n=19,p=0.02). 

Exploratory behaviour and foraging habits 
If individual differences in exploration of a novel environment extend to the 
attention given to possible changes in a known environment, aspects of 
exploratory behaviour should be correlated with habit strength. Indeed, birds 
with a short arrival time in the novel observation room kept on visiting the old 
food bowl more often than birds wi th a long arrival t ime (figure 1). An 
explanation for this correlation could be that birds with a short arrival time made 
more errors simply because they were more active, visiting more trees including 
the "wrong" tree. The correlation we found in the exploration test of a novel 
environment between the number of tree visits during the whole trial and arrival 
time (table 1) supports this idea. However, there was no significant correlation 
between the number of tree visits during the testing of habit development and 
the number of visits to the old food bowl (rs=0.04, n=19, p=0.87); therefore we 
reject this explanation. There was no significant correlation between the number 
of visits to the old food bowl and condition at the start of the experiment 
(rs=-0.05, n=19, p=0.84). 
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Reaction to a novel object in a familiar environment 

Considerable individual differences in the approach time were recorded in the 
first confrontation with a penlight battery. The distribution of the approach times 
was bimodal, in that most juveniles approached the object either very soon or 
not at all (figure 2). The approach time ranged from 0 s to 2 min (median 4.7 s in 
1990, 7.6 s in 1991 and 39.3 s in 1992). Similar results were found for the 
approach time to a pink rubber toy. The approach time, the minimum distance 
and the total time spent on the perch with the objects were strongly correlated 
within each trial in every year (rs ranging from 0.69 to 0.99). Birds that 
approached an object quickly also approached it more closely and spent a lot of 
time on the perch with it. Because of the strong correlations, only the approach 
time was used in further analyses to describe the reaction to a novel object. 

The observations immediately prior to the test revealed that the approach time to 
the same perch without the object was not correlated with the approach time in 
the subsequent test (rs=0.02, n=27, p=0.92). In addition, the approach time 
before the test was significantly shorter than in the test (z=2.92, n=27, p<0.01), 
suggesting hesitation of the individual to approach the object. We therefore 
concluded that the birds did indeed react to the object. 

Persistence in reaction 
To assess the persistence of individual differences in reaction to a novel object, 
we analysed the correlation between the reactions of the birds to the different 
objects used in 1990 and 1992. Since there were no inter-year differences in 
level of approach time to the penlight battery (Kruskal-Wallis statistic=2.30, 
n=46, p=0.13), or to the rubber toy (Kruskal-Wallis statistic=1.59, n=46, 
p=0.21), we combined the data for the 2 years. The approach time to the battery 
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was positively correlated with the approach time to the rubber toy (rs=0.55, 
n=46, p<0.01). This means that the reaction to a novel object was similar for 
different objects. Since the approach times to both objects were correlated, we 
used the mean of both approach times for further analyses. 

To estimate the time span over which individuals can still be characterised by 
their reaction to a novel object, we compared the mean approach time 
measured when the birds were 9 and 18 weeks old (rs=0.81, n=17, p<0.01). 
When the birds were 18 weeks old, they approached the object significantly 
faster than when they were 9 weeks old (z=2.57, n=17, p<0.01). The results 
show that, although there was a general change in reaction with age, juvenile 
great tits reacted consistently to a novel object. 
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Consistency in different aspects of exploratory behaviour 

To determine the association between arrival time in a novel environment and 
the approach time to a novel object using a logistic regression, the birds were 
classified as follows: (1) early birds with an arrival time of less than 5 min; (2) 
moderate birds with an arrival time between 5 and 10 min; and (3) late birds 
with an arrival time of 10 min, who did not arrive at the fifth tree within the trial 
time. The birds were classified in two classes for the approach time: fast birds 
approached the object within 1 min, while slow birds approached after 1 min or 
not at all. As the dependent variable we used the approach time, expressed as 
the proportion of slow approaching birds. Besides the classes of arrival time we 
included the factor year and the interactions of the arrival time classes with year 
in the regression to test for possible inter-year differences. The significance of 

slow 1.00 

0.80 

0.60 

0.40 

0.20 

fast o.oo 
short moderate long 

arrival time at fifth tree 

Figure 3. Approach time to a novel 
object (expressed as the proportion 
of slow approaching birds) in relation 
to arrival time at the fifth tree in the 
novel environment. Bars represent 
mean+se; the fitted values from the 
model are equal to the means. The 
result of the regression is expressed 
as: logit (fraction late approachers)= 
-1.39+0.89x(moderate arrival 
time)+2.94x(late arrival time); 
deviance=74.76, df=64. Comparison 
with a model of an intercept only 
reveals that this regression is 
significant with a p<0.01 
(Adeviance=18.11, Adf=2). 
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predictor variables was tested using the change in deviance and degrees of 
freedom when the variable was dropped from the model. 

There was a significant positive relationship between arrival time at 4 weeks and 
mean approach time at 9 weeks (figure 3). Birds that quickly visited all different 
trees, also approached a novel object faster than birds which had gone through 
the new environment more slowly. There was not a noticeable difference in this 
relationship between years. The results show that the juveniles differed 
consistently in several aspects of their exploratory behaviour. 

Discussion 

Consistent Individual differences 

In a novel environment some birds quickly visited all trees, paying short visits 
and hopping little from branch to branch during a visit. Other birds went 
through the environment more slowly, staying longer at each tree. These latter 
birds were not simply slower or less active, since in 1991 and 1992 they hopped 
more within the tree during their longer visits. The data of 1990 do not 
contradict this, although there was no correlation between number of branch 
hops per tree visit and arrival time (table 1). More detailed observations 2 7 

(P.J. Drent, unpublished data) suggest that this absence of correlation may 
be explained by the slower birds did not all reacting in the same way: some 
would hop frequently during a tree visit, while others would sit still, actively 
looking around. The absence of a correlation between condition and arrival time 
in 1990 and 1991 (table 1) suggests that in these years the long arrival time was 
not the result of physical weakness, which could have caused the later birds to 
make small hops w i th in trees rather than larger hops between trees. 
The significant correlation between condition and arrival time in 1992 (table 1) 
indicates that condition may play a role in the differences in arrival time, at 
least in that year. The behavioural differences however, suggest that the slower 
birds were more thorough and cautious in their investigation of the first 
trees they came to. The faster birds may have explored the novel environment 
in a more superficial way. 

These differences extended to the reaction to a novel object in a familiar 
environment, measured when the juveniles were 4 weeks older. The quick and 
superficial explorers approached the object faster than the slow and thorough 
explorers. This reaction was persistent over several confrontations with different 
objects, even when the next confrontation took place 9 weeks later. In these 
latter tests the birds approached the objects faster, suggesting an overall change 
in fear for novel objects with age. This suggestion is supported by the fact that 
juvenile great tits of 5 weeks o ld, approached novel objects slower than 
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juveniles of 9 weeks old (P.J. Drent, unpublished data). We conclude that 
juvenile male great tits differ consistently in various aspects of their exploratory 
behaviour at least during the first 18 weeks of their lives. 

The different ways of collecting information about a novel environment were 
associated with the reaction to a change in the feeding situation. The quick and 
superficial explorers kept going to the former food bowl, while the slower and 
more thorough explorers changed their behaviour. This indicates that former had 
more rigid foraging habits. These different reactions were not the result of a 
difference in activity or physical condition, but presumably reflect different ways of 
dealing with information about a known environment. The quick explorers may 
have paid little attention to the known environment, relying on their former 
experience and sticking to their habits; their behaviour seemed to be routine­
like. The slower and more thorough explorers may have remained alert to stimuli 
in the known environment, and adapted their behaviour to the change in the feeding 
situation. This suggestion is in agreement with the studies of van Oortmerssen et 
al. (1985) and Benus (1988), and can be tested further by investigating the 
habituation rate of responses to a repeated stimulus. On the basis of our results 
we expect consistent individual differences in habituation rate. 

28 Function of Individual differences 

Specific research is needed to clarify whether consistent individual differences in 
exploratory behaviour measured in simple laboratory circumstances are 
representative for the field situation, for example by manipulating the feeding 
situation or confronting juveniles with novel objects. If individual differences 
exist, what could be their adaptive value? One would expect animals to react 
flexibly in different situations, optimising their behaviour, resulting in similar 
behaviour of different individuals in a particular situation. Several mechanisms 
have been proposed to bring about individual differences in behaviour, such as 
phenotypic differences between individuals that may constrain their behaviour 
differently, selection for animals to be identifiable as individuals, or selection 
that favours the adoption of different strategies by different individuals (Slater 
1981,Magurran, 1986). 

Clark and Ehlinger (1987), in a review of individual differences in foraging 
behaviour of birds and fish, suggested a trade-off between time spent on 
sampling different places or food items and the ability to adjust foraging 
behaviour to environmental changes. They indicated that individuals that spend 
much time on sampling different places or food items in stead of feeding at the 
most profitable place or item are adapted to a changing environment. 
Individuals that always feed at profitable places or on items without losing time 
by sampling less profitable places are adapted to a stable environment. As such, 
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individual variation reflects a constraint on the optimisation process and the 
animal whose behaviour is characterised by average measures as predicted by 
optimisation models may even not exist (Houston and MacNamara, 1985). A 
study by Smith and Sweatman (1974) on foraging behaviour of great tits also 
suggested a potential trade-off between the conflicting demands of sampling in a 
variable environment and the exploitation of the most profitable resources. 

Such a mechanism could explain the consistent behavioural differences 
we found. There may be a trade-off between exploration speed and attention to 
the environment. Birds that explore quickly but soon lose attention to the 
environment may be best adapted to a stable environment. They wil l not lose 
time by being distracted in their search for food by small changes in the 
environment that are not essential; however, if an important change occurs 
they will not be able to adapt their behaviour immediately to the new situation. 
Birds that explore slowly and thoroughly and keep alert to the environment will 
readily react to changes in the environment. They may be best adapted to an 
unstable environment, in which important changes regularly occur. This is in 
agreement with van Oortmerssen ef al. (1985) and Benus ef al. (1987), who 
suggested that mice and rats that quickly went through a maze and readily 
developed routines were at an advantage in a stable environment, while those 
that went through a maze more gradually and remained alert to stimuli in a 
familiar environment were at an advantage in a changing environment. 

The suggested trade-off could also explain the bimodal frequency distribution of 
the approach time to a novel object we found. Both fast and slow approaching 
birds would have their individual-specific advantages in different situations, 
while the moderate approaching bird would be in a relative disadvantage in 
both situations. Arrival time did not have a bimodal frequency distribution, 
although the distribution was not normal. This could be because arrival time was 
a result of several decisions to hop between branches or to go to the next tree, in 
stead of one decision to go to the novel object or not. An accumulation of 
decisions causes a less clear frequency distribution (Ehlinger, 1986; cited in 
Clark and Ehlinger, 1987). 

Genetical aspects of individual differences 

It is not clear how far the variation in exploratory behaviour is genetic. In 1992 
we carried out some extra measurements of reaction to a novel object with 42 
juveniles, all siblings from the 27 birds we used for this study. There were 
significant differences between nests in the approach time to the object (Kruskal-
Wallis statistic=27.5, n=69, p=0.04), which means that siblings were more alike 
in their reaction than non-siblings. This preliminary result suggests that 
individual differences had already developed in the nestling stage or earlier; they 
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could even have been genetically determined. This suggestion provides an 
interesting basis for further research such as cross-fostering experiments. 

In several mammal species, consistent individual differences have shown to be 
part of fundamentally different behavioural strategies, that become obvious 
particularly in stressful situations (von Hoist, 1986; Benus et al., 1987; 1990; 
Bohus et al., 1987; Wiepkema and Schouten, 1988; Schouten and Wiepkema, 
1991; Hessing et al., 1994). The consistent behavioural differences we found in 
juvenile male great tits could also be part of a more general behavioural pattern 
or strategy. In that case individual differences in exploratory behaviour wil l also 
extend to social behaviour. 
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EXPLORATION, AGGRESSIVE 
BEHAVIOUR AND DOMINANCE IN 

PAIR-WISE CONFRONTATIONS 
OF JUVENILE MALE GREAT TITS 

Abstract 

In the development of social dominance, constitutional behavioural 
characteristics may play an important role apart from morphological traits. 
Previous work has shown that juvenile male great tits Parus major differ 
consistently in their early exploratory behaviour and can be classified as fast and 
superficial explorers or slow and thorough explorers. This study investigated 
whether these individual differences in exploratory behaviour are related to 
aggressive behaviour, and whether this affects dominance. In an experimental 
set-up, pair-wise fights were observed. The obtained data were corrected for 
possible influences of morphological traits. Consistent individual differences in 
aggressive behaviour were found, indicating that juvenile great tits can be 

32 characterised by that behaviour. Fast explorers started more fights than slow 

explorers, and birds that started more fights also won more fights. An additional 
experiment with pairs of fast and slow explorers confirmed that fast explorers 
won more fights than slow explorers. In conclusion, we demonstrated that 
individual differences in exploratory behaviour are related to aggressive 
behaviour, which affects dominance. The striking agreement of these findings 
with studies of rodents and pigs is discussed. It is suggested that the behaviour of 
fast explorers agrees with an active style of coping with stress, while the 
behaviour of the slow explorers resembles a passive coping style. 

Introduction 

Social dominance has important consequences for fitness since it may affect 
territory acquisition, mating success, reproduction and survival (e.g. Arcese and 
Smith, 1985; Hegner, 1985; Houston and Davies, 1985; Ekman, 1990). In 
contests, dominance is determined by several asymmetries between the 
opponents in fighting ability and value of the resource to each over which the 
fight takes place (Maynard Smith and Parker, 1976). In great tits, fighting ability 
is affected by body size, weight, age and sex (e.g. Garnett, 1981; Drent, 1983; 
Dhondt en Schillemans, 1983; de Laet, 1985; Sandell and Smith, 1991). The size 
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of the breast stripe of great tits has been proposed to signal fighting ability (Jarvi 
and Bakken, 1984; Jarvi et al., 1987; Poysa, 1988, but see Lemel, 1989; Sandell 
and Smith, 1991; Wilson, 1992a) and thus to affect the outcome of a fight when 
contestants lack information about the social status or fighting ability of the 
opponent (Lemel and Wallin, 1993). 

Apart from morphological traits, behavioural characteristics can affect 
dominance. For example, mice (Oakeshott 1974; van Oortmerssen et al. 1985; 
Blanchard et al. 1988), and rats (Fokkema 1985) show consistent individual 
differences in their independently measured level of aggression, which are 
positively related to social rank in a group. These individual differences in 
aggression extend to other behavioural systems such as exploratory behaviour 
(Benus et al. 1987). Non-aggressive mice and rats spend a great deal of time on 
exploration in a novel environment and remain alert to stimuli in a known 
environment, whereas aggressive individuals spend less time on exploration, and 
soon lose their attention to details in the environment and rely on their previous 
experience (van Oortmerssen et al. 1985; Benus et al. 1987; 1990). Similar 
correlations between exploratory behaviour and aggressive behaviour were 
found in pigs (Hessing et al. 1994). In open field tests non-aggressive pigs hardly 
try to escape, and approach a novel object slowly but explore it intensely, 
spending much time on exploration, whereas aggressive pigs have a tendency to 
escape a novel environment and approach a novel object fast, but explore it 
short and superficially. 

In great tits, behavioural characteristics may also affect dominance. Hierarchies 
are already established in f locks of juveni les, wh ich have important 
consequences for later dominance and territoriality (Drent 1983). Juvenile male 
great tits show consistent individual differences in exploratory behaviour 
(chapter 2). Juveniles that approached a strange object fast and explored a novel 
environment fast but superficially, had more rigid foraging habits and did not 
rapidly adjust their behaviour to a change in the feeding situation. On the other 
hand, juveniles that approached a strange object slowly and explored a novel 
environment slowly and thoroughly, quickly adjusted their foraging behaviour to 
an environmental change. The individual differences in exploratory behaviour 
found in rodents, pigs and juvenile great tits show striking similarities. 

The aim of this study was to investigate whether differences in exploratory 
behaviour are related to aggressive behaviour in great tits, as has been found in 
rodents and pigs, and whether this affects social dominance. In this study, 
aggressive behaviour and the outcomes of pair-wise fights were tested between 
juveniles of which the early exploratory behaviour was known. 
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Methods 
Subjects 

In 1990, 1991 and 1992 nestlings of great tits were collected from the wild 
when they were eight to twelve days old, and hand-reared (for details see 
chapter 2). We restricted ourselves to males, since agonistic behaviour differs 
between the sexes during development (Drent, 1983). All underwent the same 
procedures and experiments. 

After hand-rearing (at an age of 4 weeks), the males were housed individually in 
standard cages of 0.9x0.4x0.5 m, with solid bottom, top, side and rear walls, a 
wire-mesh front and two perches. The birds were kept under natural light 
conditions, and had auditory and visual contact with other individually housed 
juveniles, but not with the ones they would be confronted with in later domi­
nance measurements. They were provided with food and water ad libitum. 

When the juveniles were 4 weeks old, we observed their exploratory behaviour 
for 10 min in a novel environment with five artificial trees. We recorded the time 
it took a bird to visit all five trees, the number of tree visits, the number of 
branch hops during a tree visit, and the time a tree visit lasted. Based on the 

34 results we classified the birds as fast and superficial, moderate, or slow and 
thorough explorers. In another exploration test at the age of 9-12 weeks, the time 
the birds took to approach a strange object that was placed in their own cage 
was recorded during repeated 2 min trials, and they were classified as fast or 
slow approachers (for details see chapter 2). Birds that were fast in both tests, or 
fast in one and moderate in the other, were classified as fast. Birds that were fast 
in one test and slow in the other, were classified as moderate. Birds that were 
slow in both tests, or slow in one and moderate in the other, were classified as 
slow. In 1990, 20 juveniles were used; nine slow, one moderate, and 10 fast 
explorers were classified. In 1991, 24 individuals were tested, yielding five slow, 
two moderate, and 17 fast explorers. For the experiment conducted in 1992, we 
randomly selected 14 fast explorers and 14 slow explorers. 

Experiments 

When the birds were 12-15 weeks old, we measured the aggressive behaviour 
and social dominance (expressed in terms of who won) in pair-wise 
confrontations. During a confrontation the birds could have several interactions 
in which one bird showed agonistic behaviour towards the other, and the other 
reacted to that with agonistic behaviour. An interaction began as soon as both 
birds showed agonistic behaviour, and ended when both birds showed other 
than agonistic behaviour. All interactions together that are shown during one 
confrontation are referred to as a fight. 


