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Abstract 

This thesis investigates the relationship between personality traits and natal dispersal for both 

sexes of the great tit Parus major in a population close to Oslo, Norway. Contrary to previous 

studies which focused only on exploratory behaviour and in more southern populations, 

fifteen behavioural traits in females and eight in males were here utilized on our northern 

study population. These behavioural traits were studied to compare personality with origin 

(local recruits and immigrants) and natal dispersal (of local recruits) within the study area. 

Only a difference in personality between local recruits and immigrants was found in males in 

one out of eight tests, namely in distance flown from the hand when released after capturing; 

local recruits flew further distances from hand than immigrants and this was shown to be 

dependent on body mass. No such differences were found for females. Additionally, no 

correlation between personality and natal dispersal of local recruits was found. The 

conclusion is that no relationship exists between personality and natal dispersal in our 

population of great tits supporting our null-hypothesis. Further studies should try to 

investigate for a better measure of personality, not just using a single dimension. Comparative 

studies may need to include more behavioural traits to see if a correlation between personality 

and natal dispersal would withstand. It would also be interesting to see if the personality as 

observed in a juvenile is the same for as an adult. In addition, a larger sample size of the local 

recruits would be recommended, which may help give a better representation of the 

population.  
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1 Introduction  

1.1 Personality and natal dispersal 

Animal personality is a subject that has received much attention the last decades. Certain 

individuals are consistently more aggressive, bold and explorative than other individuals from 

the same population. These trait characteristics have been found in several taxa, such as fish 

(Conrad et al., 2011), lizards (Cote et al., 2008), birds (Dingemanse et al., 2002) and 

mammals (Boon et al., 2007). There is no consensus on the definition of personality, but the 

definition that I will use in this study is that personalities are alternative behavioural strategies 

that may reflect inter-individual variation in behavioural traits that are consistent over time 

and across contexts (Gosling, 2001). Consistent individual behavioural variation (hereafter, 

personality) has also been named behavioural syndromes, strategies, coping styles, 

temperament and animal personalities (Koolhaas et al., 1999; Carere & Eens, 2005; Reale et 

al., 2007). For the purpose of illustrating the diversification of personalities, the shyness-

boldness continuum is commonly used (Wilson et al., 1994). In one extreme end of the 

shyness-boldness continuum, individuals tend to be more cautious, shy and “slow-exploring”, 

whereas in the other extreme end of the continuum, we find individuals that are more 

proactive, bold and “fast-exploring”. Gosling (2001) emphasised that personality affects how 

we analyse populations, by capturing a biased sample. This can happen by e.g. only bold 

individuals get captured from the capture-recapture method, because of a more predator-risk 

prone behaviour causing error in estimating population sizes (Biro & Dingemanse, 2009). 

Animal welfare can also benefit from personality studies, because of increased knowledge of 

how vulnerable animals respond to stress and artificial housing conditions, in addition to how 

they respond to different treatments (Carere & Eens, 2005).  

  Natural selection favours behaviours that are plastic in relation to varying 

environments, and thus promoting an “optimal” behaviour in relevant situations (Nicolaus et 

al., 2012b; Sih et al., 2012). However, some behavioural traits may not necessarily be optimal 

in all situations. From several studies on personality and natal dispersal, a well-known 

behavioural trait, namely exploratory behaviour (EB) has been found to be repeatable and 

heritable (Dingemanse et al., 2002; van Oers et al., 2004). The EB seems to correlate with 

other behavioural traits in birds, such as e.g. boldness towards novel objects and aggression in 

pair-wise confrontations (Verbeek et al., 1996), dominance (Dingemanse & de Goede, 2004), 
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social and non-social behavioural strategies (Marchetti & Drent, 2000) and territory defence 

(Amy et al., 2010), which are mostly shown in captive states. Boldness is commonly defined 

as the individual’s reaction to any risky, but not new situations, and includes reaction towards 

situations such as appearances of predators and humans (Reale et al., 2007). The coexistence 

of different personalities in individuals has been relatively well studied and might also be 

related to life-history traits, such as survival and reproduction (Wilson et al., 1994) and 

dispersal (e.g. Dingemanse et al., 2003). Consequently, behavioural traits can create potential 

trade-offs across situations that have important evolutionary consequences (Carere et al., 

2005). 

  A characteristic feature of most animals is the dispersal of offspring from their site of 

birth to their first breeding site, known as natal dispersal, which is fundamental in several 

ecological and evolutionary processes (Wey et al., 2015). Natal dispersal is important to study 

for the better understanding of population dynamics of species (Gadgil, 1971), gene flow 

(Bohonak, 1999), range expansions (Sakai et al., 2001) and how populations respond to a 

changing environment (Bergerot et al., 2012). Natal dispersal is the focus of the present study, 

although, individuals may also disperse from one breeding site to another within or between 

breeding seasons. 

  Behaviours such as exploration, boldness and aggressiveness have been assumed to be 

integrated with individuals’ tendency to naturally disperse (Cote et al., 2010). This is 

generally referred to as personality (e.g. Gosling, 2001) or an innate dispersal syndrome, 

where the latter is conceived to be present in active dispersers (Cote et al., 2010). A dispersal 

syndrome (i.e. a tendency to disperse) has been shown to correlate with other behavioural 

traits in studies of captive or semi-captive populations (Cote et al., 2010) and in natural 

environments of Trinidad killifish Rivulus hartii (Fraser et al., 2001), common lizards Lacerta 

vivipara (Meylan et al., 2002) and in great tits Parus major (Dingemanse et al., 2003).   

  According to Dobson (2013), it is common in avian species that the female, both in 

adult and juvenile age classes, have a tendency to disperse further distances than males. For 

the males that are philopatric it is important to establish territories early in life which may 

result in shorter dispersal distances relative to females. Females may disperse further because 

of factors such as inbreeding avoidance or, for both sexes, enhanced access to mates. If 

habitat quality is high, in addition to an increased density in the area, competition may be 

relatively strong for both sexes. This may force some individuals to disperse further away 

from their natal areas (Nicolaus et al., 2012a). Dispersal may involves costs as well, namely 
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by reducing the dominant position and help from kin, poor morphological adaptation to new 

habitats and by exposure to new predators and diseases. Natal dispersal distances have also 

been shown to correlate with properties of the individual such as body mass (Quinn et al., 

2011). It has also been shown that in birds natal dispersal may be correlated with parental 

(Dingemanse et al., 2003) and sibling behaviour (Matthysen et al., 2005; Dale, 2010). 

Investigating links between personality and natal dispersal provides a new avenue to better 

understand variation in individual dispersal strategies (Cote et al., 2010).    

1.2 Present study: personality and natal dispersal in great tits  

A passerine bird, the great tit, has been studied with regard to personality the most frequently 

as a model species of any other vertebrate species (Cote et al., 2010). The great tit is 

abundant, partially migratory and also a generalist species (Haftorn, 1971). that nests in 

almost all kinds of woodlands as well as in habitats close to humans like gardens and parks. It 

is a secondary-cavity nester that mostly uses nest boxes for breeding in our study area, 

something that facilitates the monitoring of reproduction and survival, catching of birds, 

ringing, measuring behavioural traits and natal dispersal distances. The possible link between 

personality and natal dispersal in the great tit is the main focus of the present study.   

  Earlier studies on personality and natal dispersal have focused only on a few 

personality traits, mainly explorative behaviour (EB) which is measured in captivity. In this 

study, fifteen other behavioural traits are included. Additionally, contrary to previous studies 

which have predominantly been performed in captivity (Table 1), this study was performed in 

a natural environment. Finally, possible relationships between personality and natal dispersal 

have been studied the most prominently in the Netherlands (Dingemanse et al., 2003), 

England (Quinn et al., 2011) and Belgium (van Overveld et al., 2014; van Overveld et al., 

2015) (Table 1). Thus, previous studies have been carried out in more southern populations, 

with more resident birds. In our northern study area in Norway populations of great tits are 

partially migratory with migrants dispersing longer distances than on the British Isles 

(Wernham et al., 2002; Bakken et al., 2006). Bakken et al. (2006) pointed out that dispersal 

of local nestlings increases during autumn and is reduced in spring, when the birds return to 

the approximate natal areas, similar to a population on the British Isles (Wernham et al., 

2002). In Norway, the most southern local great tit that was found was ringed in Rogaland 

County in June and found later in April in Germany the next year. It has also been suggested  

that great tits do not have any determined pattern in the way they disperse, other than 
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dispersing when there is limited food availability, poor habitat quality or a high density 

(Bakken et al., 2006). 

  As mentioned above, possible relationships between personality and natal dispersal 

have been studied most prominently in the Netherlands (Dingemanse et al., 2003), England 

(Quinn et al., 2011) and Belgium (van Overveld et al., 2014; van Overveld et al., 2015) 

(Table 1). Dingemanse et al. (2003) found that immigrants (=unringed birds) were faster 

explorers than local recruits (=ringed birds) when tested in captivity. Also, a correlation 

between natal dispersal distances of local recruits and EB was found for females, but not for 

males, which means that explorative females dispersed longer distances than shy females. The 

exploration scores of females correlated with the paternal scores, i.e. females with a fast 

exploring father moved over larger distances than females with a slow father. Quinn et al. 

(2011) found that immigrants in their first year on average had higher EB scores than local 

recruits. They found that this may be partially state- and scale dependent, where immigrants 

tended to have a lighter body mass than local recruits. Contrary to the study by Dingemanse et 

al. (2003), no correlation was found between natal dispersal distance and the individuals’ EB 

scores for local recruits and no correlation remained when the effect of parental EB was 

included, neither when tested separately nor together. As with the two former papers, van 

Overveld et al. (2015) found for both sexes that the immigrants had on average higher EB 

scores than the local recruits, and immigrants produced the lowest lifetime number of 

fledglings. In addition, in another study by van Overveld et al. (2014), this difference in EB 

scores was only for male immigrants which had higher EB scores than locally born birds. 

However, this was only for the individuals captured in summer and autumn, and not the case 

in the winter and breeding season. No relationship was found between natal dispersal distance 

and EB scores in the two previous studies. As in Quinn et al. (2011), no relationship between 

natal dispersal and EB scores of local recruits was found, in contrary to Dingemanse et al. 

(2003), where a relationship was found. With this is mind, no clear consensus has been found 

between personality and natal dispersal so far (table 1 below).   

   In the present study EB was not measured. Instead we measured fifteen behavioural 

traits in females and eight in males in the field that may reflect boldness (Andersen, 2012; 

Stræte, 2015). In this master thesis, I want to study the possible relationships between 

personality traits and natal dispersal distances of local recruits. This is done by testing 

whether individuals with bolder personalities have moved longer distances than shy 

individuals from their natal nest site in our study area to their first breeding site.  
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I will also compare personality traits of the birds locally raised with those of immigrants, 

assuming that the latter birds on average have moved longer distances than the former from 

their natal site. Body sizes will also be analysed in personality in relation to origin (local 

recruits and immigrants) and natal dispersal of local recruits. Additionally, separate analyses 

for each sex will be performed because, in many bird species including the great tit, females 

disperse further than males. Finally, I will test predictions from the four hypotheses stated 

below. 

Table 1: A summary table of four personality studies studying the possible relationship between 

exploratory behaviour (EB) and natal dispersal distance of local recruits and EB towards origin (local 

recruits vs. immigrants) for corresponding sexes, study environment and reference in great tits. “0” 

indicates no correlation, “+” indicates a positive correlation and “-” indicates a negative correlation.   

 

References  

 

Sex  

Study  

environment 

EB towards natal dispersal of 

local recruits  

EB towards origin (local recruits 

vs immigrants)   

Dingemanse et al., 

(2003) – Netherlands  

F 

M 

Captivity(EB) 

and natural  

+ (EB dispersed longer) 

0 

+ (BoldnessIM > BoldnessLR)  

+ (BoldnessIM > BoldnessLR)  

       

Quinn et al., (2011) –  

England (Oxford)  

F 

M 

Captivity (EB) 

and natural 

0 

0 

+ (BoldnessIM > BoldnessLR)  

+ (BoldnessIM > BoldnessLR) 

     

van Overveld et al., 

(2014) - Belgium 

F 

M 

Captivity (EB) 

and natural 

+ (EB dispersed longer) 

0  

0  (BoldnessIM = BoldnessLR) 

0  (BoldnessIM = BoldnessLR)  

     

van Overveld et al., 

(2015) – Belgium  

F 

M 

Captivity (EB) 

and natural 

0
s
 (EB dispersed longer)  

0 

+ (BoldnessIM > BoldnessLR)  

+ (BoldnessIM > BoldnessLR) 

0: No correlation  

+: Positive correlation (p < 0.05)  

-: Negative correlation (p < 0.05)  
S: Only statistically marginal significance was found (p ≤ 0.10).  

F: Female  

M: Male  

Note: For descriptions of variables, see main text.  

 

  

1.3 Hypotheses and predictions  

H0: No-relationship exists between personality and natal dispersal 

The hypothesis states that individuals in a population express various behaviours in different 

contexts independent of natal dispersal.  

Predictions:  

1) No difference in boldness between local recruits and immigrants.   

2) No correlation between boldness and natal dispersal distance for local recruits. 
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H1: A relationship exists between personality and natal dispersal  

H1A: Positive-correlation hypothesis 

The hypothesis states that bold personality is required to settle down in a new environment 

because of high competition. Habitat quality is presumably high in our study area based on 

the rich deciduous forest which may favour bold individuals. Local recruits have an initial 

advantage to occupy a territory because of local experience implying that immigrants have to 

be particularly bold to be able to establish in their new area.  

Predictions:  

1) Immigrants are bolder than local recruits. 

2) Positive correlation between boldness and natal dispersal distance of local recruits. That is, 

i.e. bolder individuals disperse longer distances than shy individuals.  

H1B: Negative-correlation hypothesis 

The hypothesis assumes that bold individuals have higher fighting ability than shy individuals 

in a habitat of a high quality. Shy individuals are therefore forced to move larger distances 

relative to bold ones.  

Predictions:  

1) Negative correlation between boldness and natal dispersal distance of local recruits. I.e. 

bolder individuals disperse shorter distances.  

2) Local recruits are bolder than immigrants.  

H1C: Dependence on habitat quality  

The hypothesis states that a relationship between personality and natal dispersal depends on 

habitat quality. High habitat quality favour strong competition for territories, which will 

influence which birds that may stay in the natal areas and which may disperse.   

Predictions:  

1) Hypothesis H1A is valid if the habitat quality is poor.  

2) Hypothesis H1B is valid if the habitat quality is high.   
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2 Materials and methods  

2.1 Study area and species  

The study area was at Dæli in Bærum (60 00° N, 10 83° E), which is located 1.6 km
2
 west of 

Oslo, Norway. The study area consists of a mixture of deciduous and coniferous woodlands 

and forests (spruce Picea abies and pine Pinus silvestris) standing alone or in patches that is 

part of a larger woodland area interspersed with farmland and settlements. Of the deciduous 

species, some (birch Betula spp., grey alder Alnus incana, and willow Salix sp) are also 

widespread in southern Norway, whereas others (ash Fraxinus excelsior, hazel Corylus 

avellana, maple Acer platanoides, and elm Ulmus glabra are much less common and usually 

depend on south-facing slopes characteristic of the study area. The study area contains 550 

nest boxes distributed 40-50 m apart. The Dæli area is known to be a high quality habitat for 

great tits which supports 80-100 breeding pairs each year together with other species such as 

the blue tit Cyanistes caeruleus, pied flycatcher Ficedula hypoleuca, nuthatches Sitta europea 

and coal tits Periparus ater (for further description of study site, please see Slagsvold et al., 

2013). Natal dispersal is measured as the distance between natal nest box and their first 

breeding site, which was found by looking at the nest boxes’ GPS-coordinates obtained from 

Dæli. Some of the great tits that were using our nest boxes had been raised by blue tits 

(Slagsvold et al., 2002), but in the present study, cross-fostered birds were excluded. Around 

80-100 nest boxes are used by great tits for breeding each year (Slagsvold & Wiebe, 2011). 

Unringed birds were assumed to be immigrants because each year all the nestlings were 

ringed and more than 97% of the great tits in the local population use the nest boxes for 

breeding (T. Slagsvold, unpublished data).  

2.2 Data collection 

Data has been collected in the study area since 1995. I collected data in the field season of 

2015, but because of time constraints I have only used data from 2012-14. This dataset has 

been used in two other studies of personality in great tits, namely for fitness consequences 

(Thorsteinsen, 2015) and a study of relationships between the various personality traits 

(Stræte, 2015). Here I focus on individuals present in the breeding season of 2014. Three out 

of four behavioural tests were only measured in 2014 (persistence tests, conspecific intruder 

tests, predator tests). Concerning the in-hand test, data is utilized from the last capturing of the 
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focal bird during autumn of 2012 to spring 2014. I chose to use the data on birds present in 

2014 where most of the tests were done for the first time that is on the same individuals.  

2.2.1 Capture and measurements of birds 

At our study site, nestlings and adult birds were given combinations of different colour and 

aluminium bands with unique ID-numbers for individual identification. During the data 

collection in the field season of the spring 2014, the nest boxes were visited regularly (every 

day/every other day) to follow the breeding attempts and developmental stages of the nests. 

We distinguish between two different groups of great tits, namely local recruits and 

immigrants. Local recruits (=ringed birds) were individuals that were born in this area. 

Immigrants (=unringed birds) were individuals raised outside the study area that previously 

has not been captured, and were given unique immigrant ID-numbers and colour-aluminium 

bands when first captured. Age of adults was determined to be first year or older based on 

plumage colour (Svensson, 1992). Unringed birds were captured in mist nets by feeding 

stations in autumn or in the nest boxes in spring. Body size measurements were taken for all 

birds captured; tarsus length (mm), wing length (mm) and body mass (g). These data were 

treated as potential confounding factors in the statistical analyses. A sliding calliper was used 

to measure tarsus length and a ruler was used to measure wing length, while a 50 g Pesola 

spring balance attached to a bag was used to measure the body mass. Location of all the nest 

boxes that we have at Dæli has been identified with GPS-coordinates, so that the distance 

dispersed by local recruits between the natal nest boxes to their first breeding sites within the 

study area, could be calculated.   

2.2.2 Behavioral tests 

Anti-predation behaviours were tested observing behavioural responses to human presence. 

These behavioural tests were modifications of those used by Møller et al. (2011). The first 

test aimed to measure behavioural responses when handled by a human, the second test aimed 

to measure the persistence response of incubating females in the nest boxes while disturbed 

by humans, the third test aimed to show how the birds responded to a living caged conspecific 

intruder in the incubation period when placed near the test subject’s nest boxes, and lastly, the 

forth test aimed to observe the responses to a predator model in the nestling period near the 

test subject’s nest boxes. The same observer (T. Slagsvold) did all the behavioural tests, 
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except for two master students, Thorsteinsen (2015) and Stræte (2015) that participated in the 

study of persistence in incubating females. 

Test 1: In-hand behavioral test 

The in-hand behavioural tests were done during the period in autumn 2012 to spring 2014. 

The aim was to look at the focal bird’s anti-predation response towards a human when held in 

the hand. The birds were trapped in mist nets and placed in bird cloth bags for transportation 

away from the net. For every completed test, the individual bird was released before the next 

bird was tested, ID-numbers, date, time of capture when taken out of the cloth bags, and body 

measurements were noted down before each test. Six behaviours were observed.   

1. Breathing rate: Number of breaths per 30 seconds when the bird lays on their back in 

the hand. It was counted by observing every chest movement.  

2. Screaming: No/Yes. Noted if the bird screamed or not during the test.  

3. Biting: Number of occasions it bites (range score 0-6). This was done by directing the 

right index finger towards the bird’s beak six times when held in the left hand.  

4. Tonic immobility: The bird lay on its back in one palm and was tilted slowly toward 

the other palm (ca. 3 sec). When the birds left the hand the approximate angle degrees 

of flight was noted. Score from 0-180° (levels: 0°, 90°, 120° and 180°). 

5. Alarm call: No/Yes. Noted if the bird made any alarm calls or not during the tests.  

6. Distance flown from the hand: The approximate horizontal distance (m) the bird had 

flown from hand to the bird’s first perching site when released.  

 

 

 

 

Figure 1: Measuring breathing rate (breaths/30s) 
and screaming (no/yes) of great tits in field season 
of 2015 during the in-hand behavioural tests. 
Photos: Christine Skaraas.   
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Test 2: Persistence test of incubating females 

The persistence tests were done in spring 2014 by measuring the persistence of incubating 

females in their nest boxes when disturbed by a human. As for the in-hand test, the ID-

numbers, date and time of the day were noted before approaching the nest box in each test. 

Seven behaviours were measured.   

1. Hissing: No/Yes. Noted if the female made hissing calls or not in nest box when a 

human index finger was introduced into the nest box opening for five seconds in an 

immobile position.  

2. Persistence on nest: Score from 1 to 4 depending on when the female left the nest 

box during the trial: 1) lid was lifted off and the observer looked inside and then 

moved away, 2) hand was slowly put down to the nest material along the back wall of 

the nest box and held there for five seconds, 3) a hand touched the females’ tail for 

five seconds, 4) if a female still remained on the nest after being disturbed, as 

described above, and had to be lifted carefully out of the nest.  

3. Call inside box: No/Yes. Noted if the female called or not inside the box during any 

of the four steps (1-4) when measuring persistence on nest. 

4. Call leaving box: No/Yes. Noted if the female made alarm calls or not when leaving 

the nest box.  

5. Distance from box: The approximate horizontal distance (m) the female flew from 

the nest box to her first perching site.  

6. Call after 2 min: No/Yes. Noted if the female made any alarm call or not 2 minutes 

after she flew out of the nest box. 

7. Distance flown after 2 min: The approximate horizontal distance (m) between the 

nest box and where the female was situated 2 min after leaving the nest box.  
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Test 3: Conspecific intruder test  

The test was done in spring 2014 and looked at how resident females and males responded to 

a live caged conspecific intruder near the test subject’s nest box during the incubation period. 

The cage was placed on the ground 3-4 m away from the nest box and inside the cage was a 

conspecific female great tit which had been caught outside the study area. Two female stimuli 

birds were used in the test. The observer was situated approximately 20 m away from the nest 

box. For the female, it was recorded the total time in seconds spent ≤ 2 m from the cage 

during the five-minute trial period (range of 0-300 sec). The male would get an score from 0-

5, where 0 represented he was never on top of the cage and 5 represented that the male was on 

top of the cage at least once during each of the five consecutive one-minute intervals. The 

simplified method was used for males because of time/observer constraints during the trial. 

Test 4: Predator test in the nestling period 

The test was done in spring 2014 and investigated how the parents responded to a predator 

model late in the nestling period (10-14 days after hatching). A stuffed specimen of 

Tengmalm’s owl Aegolius funereus was used and which is a natural predator to small 

passerines, such as the great tit (Cockrem & Silverin, 2002). The predator model was placed 

on top of the nest boxes’ lid. Then, the nearest distance (m) between the predator model and 

the focal birds was noted for each minute by the observer, sitting approximately 15 m from 

nest box. The duration of the test was five consecutive minutes. The average distance value 

was used in the subsequent analyses.  

2.3 Statistical analyses  

The dataset were entered in Excel (Excel ® 2010 for Windows) and all statistical analyses 

were done with the statistical computer software R.3.2.2 (® 2015 RStudio, Inc). All tests were 

two-tailed and the alpha level of statistical significance was set to be p≤0.05. Significant 

results were corrected by using Holm’s correction of multiple testing (known as the improved 

Bonferroni procedure) (Kim & Oshima, 2013). A total of 259 great tits were captured and 

handled during the field season of 2014. For a total of 199 individual birds, at least one or 

more behavioural tests were performed. After exclusion of birds due to double counted, cross-

fostered individuals and missing data, 181 individuals were left for the statistical analyses. Of 

these individuals, 95 were females and 86 males; 20 were female local recruits, 75 female 

immigrants, 27 male local recruits and 59 male immigrants.  
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2.3.1 Normality and transformation of data  

The data on behaviour included both parametric and non-parametric variables. Normality of 

data was tested with Shapiro-Wilks normality test, histograms and quantile-quantile plots. If 

no transformation worked, non-parametric tests were performed for these variables. Two 

variables were log-transformed (breathing rate and distance flown from box to perch) and one 

variable was square root transformed (distance after 2 min) to meet the normal criteria of 

parametric tests, which was back-transformed in figures and tables for easier interpretation. 

For quantitative analyses, t-tests and Mann-Whitney U-tests were performed if the variables 

were normal or non-normally distributed. For qualitative data, chi-square tests were 

performed.  

  A few behavioural variables were rescaled to fit the multiple logistic regressions in 

Appendix 3 and 7, namely the behavioural variables biting, immobility and distance from 

hand, from the in-hand tests and the potential confounding variable, season-year. Biting was 

divided into two groups, namely group 1 (scale 0-1) and 2 (scale 2-6), because of an 

approximately similar sample size of the two groups (high amount of individuals not biting in 

the dataset). In immobility, level 150° was included into level 180° because level 150° had 

only one observation. Therefore, the new levels in the variable immobility were set to be 0°, 

90°, 120° and 180°. Distance flown from the hand had a scale from 0-20 m, but were divided 

into group 1 (scale 0-8 m) and 2 (scale 9-20 m) because of an approximately similar sample 

size in both groups. For the in-hand tests, the variable season-year had factor levels of 1-5 (1: 

spring and 2: autumn of 2012, 3: spring and 4: autumn of 2013 and 5: spring of 2014), but due 

to very low sample size in group 1 and 2 (six individuals) they were excluded. The variable 

age is divided into juveniles (< 3 months) and adults. Natal dispersal distance (m) is normally 

distributed and thus used in analyses.  

2.3.2 FAMD-analyses 

Factor Analysis of Mixed Data (FAMD)-analyses were done to reduce the number of 

behavioural variables down to a few significant dimensions to see if the subsequent scores 

differed in relation to origin, natal dispersal and sex. FAMD is an exploratory multivariate 

analysis which can be used to find similarities between individuals and relationships between 

behavioural variables, which may help when the dataset consists of both quantitative and 

qualitative data (Husson et al., 2016). According to Husson et al., (2016) FAMD may be seen 

as a mixture between the principal component analysis (PCA) that analyse quantitative data, 
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and the multiple correspondence analysis (MCA) or clustering that analyse qualitative data. In 

Appendix table 4.1 (figures illustrated in d), dimension 1 corresponds to the x-axis and 

dimension 2 corresponds to the y-axis which are the most important dimensions used to show 

most of the variance in the dataset. The quantitative variables are scaled to unit variance and 

the qualitative variables are transformed into 1-0 data tables, also called crisp-coding and then 

scaled using the specific scaling of MCA, which helps balance both quantitative and 

qualitative data determining the dimensions of variance in the analysis. In the FAMD-

analyses, significance (p≤0.05) and also marginal statistically significance (p≤0.10) was 

included because of restricted sample size. Origin and natal dispersal were set as 

supplementary variables, in order to test their correlation with the behavioural variables on the 

FAMD axes (Husson et al., 2016).  

  The analyses were divided into two parts; in part one (n=181), a comparison of 

personality traits between local recruits and immigrants, and part two (n=49), an analysis of 

personality traits and natal dispersal of local recruits only. Fifteen behavioural tests were 

performed on females (when added the persistence tests of incubating females) and eight in 

males. In part one, The FAMD-analyses were divided into an analysis that included both 

sexes for the six in-hand behavioural tests (Appendix table 4.1), and an analysis that separated 

females and males with corresponding in-hand behavioural traits measured for each sex, 

respectively (Appendix tables 4.2-3). In part two, separate analyses for females (n=9) and 

males (n=11) were not performed because of low sample sizes.  

2.3.3 Confounding factors  

Several confounding factors could potentially have influenced the great tit’s behavioural 

responses when measuring personality traits. Multiple logistic regression analyses were 

performed on non-normally distributed behavioural variables (the response variables) and the 

analysis of variance (ANOVA) was performed for normally distributed behavioural variables 

(response variables) in relation to several possible confounding variables (explanatory 

variables). The explanatory variables are origin or natal dispersal of local recruits, sex of focal 

bird, age (juvenile and adult) and season-year of measuring tests (spring and autumn of 2013 

and spring of 2014). Additionally, analysis of covariance (ANCOVA) and logistic regression 

was performed on normally and non-normally distributed behavioural variables in relation the 

possible confounding variables, respectively. In these analyses the confounding variables 

were origin or natal dispersal of local recruits and body size measurements (body mass, tarsus 
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and wing length). Significant interactions were noted (see Appendix 3 and 7), but mostly were 

excluded due to non-significance.  

  We also tested the other way around using multiple logistic regression analysis with 

origin as response variables in relation to several behavioural tests and confounding variables 

as explanatory variables corresponding to each sex. Similar multiple linear regressions of 

natal dispersal were performed in relation to the behavioural tests and confounding variables 

for both sexes. A procedure of forward model selection was done by starting with the 

significant variables from the univariable analyses.  

2.4 Ethical considerations  

There are no reason to believe that the animals suffered during the present study, although the 

capturing may have caused some stress associated with handling and ringing by predators 

trying to fetch the birds while in the mist net. The females captured for the cage experiment 

were released in the area where they were caught. The Norwegian Animal Research Authority 

had approved the research on the birds in the Dæli area since 1995.  
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3 Results  

The relationship between fifteen behavioural traits for females and eight in males were 

analysed in relation to origin (local recruits and immigrants) and natal dispersal of local 

recruits). Result tables and figures are summarized below with the rest of the analyses in the 

Appendix (1-8).  

3.1 Part one: personality of local recruits and immigrants  

3.1.1 Relationship between body size and origin 

Analyses of body size (body mass, tarsus length and wing length) in relation to origin were 

separated for each sex. There were only one significant difference, namely that male body 

mass was greater in local recruits than in immigrants (**= t=3.20, n=86, p=0.002, figure 2, 

Appendix 1). The relation with body mass for males was also significant when applying 

Holm’s-correction (p=0.012, n=6, 3 variables x 2 sexes).  

 

 

 

 

 

 

 

 

 

Figure 2: Body mass (+SE) (g) in relation to origin (local recruits or immigrants) of female 

and male great tits (**= t=3.20, n=86, p=0.002). Samples sizes shown above bars. Statistics in 

Appendix 1.  
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3.1.2 In-hand behavioral tests  

Analyses of the six in-hand behaviours in relation to origin (local recruits and immigrants) 

were separated for each sex. Only the distance flown from the hand was significantly different 

between local recruits and immigrants in males (Mann-Whitney U-test, Z=378.0, p=0.0017, 

n=86, figure 3, Appendix table 2.1); male local recruits flew longer distances from the hand to 

nearest perch (m) than male immigrants. The relation was not significant for females. This 

was also significant when applying Holm’s-correction (p=0.025, n=12, 6 variables x two 

sexes).  

 

 

Figure 3: One out of six in-hand behavioural tests for females and males are shown, namely 

distance flown from the hand (m) in relation to origin (local recruits and immigrants). ** = 

Mann-Whitney U-test, Z=378.0, p=0.0017, n=86. Sample sizes are shown above bars. 

Statistics in Appendix table 2.1  
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3.1.3 Persistence test of incubating females 

Analyses were performed on all seven persistence observations in relation to origin (local 

recruits and immigrants) in incubating female great tits. Of the seven behavioural traits, one 

variable was weakly marginal statistically significant, namely calling when leaving nest box 

(χ2
=2.65, p=0.11, n=63, figure 4, Appendix table 2.2). 

 

Figure 4: The variable calling when leaving the nest box (% yes) is shown from the 

incubation period of female great tits when measured in relation to origin (local recruits and 

immigrants): χ2
=2.65, p=0.11, n=63. Sample sizes are shown above bars. Statistics in 

Appendix table 2.2.  
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3.1.4 Conspecific intruder test in incubation period 

Response in the conspecific intruder test was measured differently in males and females as 

illustrated in figure 5. Females were measured by mean time at the conspecific intruders’ cage 

and males were measured by the percentage of visits on the conspecific intruders’ cage. None 

of the two variables analysed differed significantly between local recruits and immigrants in 

figure 5 (Appendix table 2.3).  

 

 

Figure 5: Response to a caged conspecific female intruder near the test subject’s nest box 

during the incubation period in the great tit for each sex. (a) Female mean (+SE) time at the 

caged intruders’ cage (0-300s) and (b) percentage of male visits near the caged intruders’ cage 

(scale 0-5). Sample sizes are above bars in a. Statistics in Appendix table 2.3.  
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3.1.5 Predator test in the nestling period 

The analysed personality trait shown is mean distance flown away from predator model 

(stuffed Tengmalm’s owl) for each sex as illustrated in figure 6 (see also Appendix table 2.3). 

Distance to predator model was not significantly different between local recruits and 

immigrants for each sex.  

 

Figure 6: Mean (+SE) minimum distance (m) flown from the predator model (Tengmalm’s 

owl) measured for five consecutive minutes for each sex in relation to origin (local recruits 

and immigrants) for the great tit. Sample sizes are shown above bars. Statistics in Appendix 

table 2.3.  
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3.1.6 Origin in relation to behavioral and confounding variables  

A multiple logistic regression measured separately for each sex was performed on origin 

(local recruits and immigrants) as a response variable in relation to various variables that may 

be confounding (explanatory variables). The variables included in the model selection 

analysis for males were eight behavioural traits, three body size measurements and three 

confounding variables, namely sex, year and age, a total of 14 variables. No significant results 

were found for females (with a total of 21 variables, when included the persistence tests of 

incubating females). Only significant values are shown in table 2, namely origin in relation to 

distance flown from hand and body mass in males. The result of the final model on logit-scale 

showed that the probability of being an immigrant decreased as individuals flew longer 

distances from the hand, and this depended also on body masses (figure 7). The higher the 

body mass, the lower the probability of being an immigrant. 

Table 2: Results from the final multiple logistic regression model performed on origin on male great 

tits towards the eight behavioural tests (from the in-hand tests, conspecific intruder test and predator 

test) and the confounding variables, namely three body sizes (body mass, wing and tarsus length), age 

(juvenile vs. adult) and year (spring and autumn of 2013 and autumn of 2014). The result shows a 

significant relationship (linear on logit scale) between origin, distance from hand and body mass.  

Parameters Estimate SE   Z   P 

Intercept  17.95 6.31  2.84 0.005 

Distance flown from hand -0.14 0.07 -2.11 0.035 

Body mass -0.09 0.03 -2.53 0.011 

 

 

 

 

 

 

 

 

 

 

Figure 7: The probability of a male great tit being an immigrant (±SE) in relation to distance flown 

from hand (m) is shown, dependent on three levels of body mass (high weight=90
th
 percentile, 

mean=mean weight and low weight=10
th
 percentile). See statistics in table 2. 
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3.1.7 FAMD-analyses of personality of local recruits and immigrants  

FAMD-analyses were divided into an analysis that included both sexes for the six in-hand 

behavioural tests (Appendix table 4.1), and an analysis that separated females and males with 

corresponding in-hand traits measured for each sex, respectively (Appendix tables 4.2-3).  

  In the analyses of both sexes for the in-hand tests, the three most significant variables 

correlating to dimension 1 and 2 are, by order; distance flown from hand, breathing rate and 

biting (Appendix table 4.1 c). The two first dimensions explained together 43 % (23 % on 

dimension 1) of the cumulative variance in the dataset (table 3 a). When focusing on the 

supplementary variables, origin and sex were neither marginally nor significantly associated 

with the first two dimensions, i.e. whether the bird was a local recruit or an immigrant, or a 

female or male, did not affect the behavioural traits on the two first dimensions (see statistics 

and figures for illustration in Appendix table 4.1).  

  The analyses of females included the behaviour variables from the six in-hand tests, 

seven persistence tests, the conspecific intruder test and the predator test, which are in total of 

fifteen behavioural tests (Appendix table 4.2). By order, the three most significant variables 

correlating to dimensions 1 and 2 were, by order; distance flown from box, distance flown 

from hand and distance flown after 2 min. The two first dimensions had together a cumulative 

percentage of 29 % (15 % on dimension 1) (table 3 b). The variable time used at the caged 

conspecific intruder had a negative coordinate on dimension 2, in contrary to the other 

behavioural variables, which had positive coordinates on both dimension 1 and 2. Further, 

origin was neither marginally nor significantly associated with any of the behavioural 

variables on the two first dimensions.  

  The analyses for males included six in-hand tests, the conspecific intruder test and the 

predator test in the nestling period, which are in total of eight behavioural tests (Appendix 

table 4.3). By order, the three most significant variables that correlated to dimensions 1 and 2 

were, by order; distance from hand, screaming and breathing rate. Together, dimensions 1 and 

2 had a cumulative percentage of 41 % (with 22 % on the 1. dimension) (table 3 c).  

  In summary, distance flown from hand was significantly correlated to dimension 1 for 

all three analyses (Appendix table 4.1 c and 4.2-3 b). Origin and sex were not significantly 

nor marginal correlated with the behavioural variables on the first two FAMD axes (Appendix 

tables 4.1-3). 
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Table 3: Table shows the variance explained by the two first dimensions from the FAMD-

analyses in great tits. (a) The analyses included six behavioural traits from the in-hand tests 

for both sexes. (b) The analysis included fifteen behavioural traits from the tests measured on 

females. (c) The analyses included the eight behavioural traits measured on males. Table 

contains the variance, which is described as the eigenvalue for each dimension. Percentage of 

variance is described as the total variance in the dataset explained by each eigenvalue or 

dimension. Cumulative percentage of variance shows how much of the total variance that is 

explained by the current and all preceding dimensions. See further statistics in Appendix 4. 

 

            (a)           (b)           (c) 

                           Dim 1. Dim 2. Dim 1. Dim 2. Dim 1. Dim 2. 

Variance 1.36 1.20 2.29 2.04 1.74 1.50 

Percentage of variance 22.73 19.99 15.29 13.58 21.79 18.76 

Cumulative percentage of variance 22.73 42.72 15.29 28.87 21.79 40.55 
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3.2 Part two: personality in relation to natal dispersal of local 

recruits   

3.2.1 Relationship between natal dispersal and body size measures  

Natal dispersal distances of local recruits was analysed in relation to body size measures 

(body mass, tarsus length and wing length). There were no significant relationships, except 

for a marginal statistically negative correlation for body mass in females (r = -0.38, n=20, 

p=0.10, negative correlation in figure 8, statistics in Appendix 5), i.e. there was a tendency of 

females with higher body mass to disperse shorter natal distances. The relation with body 

mass for females was not significant when Holm’s-correction was performed (p=0.60, n=6, 3 

body sizes x 2 sexes). 

 

 

Figure 8: Natal dispersal distance (m) of local recruits in relation to body mass (g) of female and male 

great tits. A statistically marginal significant result for females was found (r = -0.38, n=20, p=0.10, 

negative correlation). Statistics is in Appendix 5.  
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3.2.2 In-hand behavioral tests 

The analyses of natal dispersal distance of local recruits in relation to six in-hand behavioural 

tests that were separated for each sex. Only marginal significance was found for one variable, 

namely male biting score (r=0.35, n=25, p=0.08, positive correlation in figure 9, see 

Appendix table 6.1), i.e. there was a tendency for males that bit more to also have longer natal 

distances. The relation with male biting scores was non-significant when accounted for the 

multiple testing of six variables (Holm’s-correction, p=0.48, n=12, 6 in hand tests x 2 sexes). 

 

 

 

Figure 9: Natal dispersal distances (m) of local recruits in relation to one out of six in-hand 

behavioural tests for male great tits, namely the number of bites (score 0-6) (r=0.35, n=25, p=0.08, 

positive correlation in figure) Statistics in Appendix table 6.1.  
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3.2.3 Persistence test on incubating females 

Analyses of natal dispersal distances of local recruits in relation to seven persistence tests of 

the incubating females were performed, but only the variable calling inside the nest box is 

represented as shown in figure 10. The analyses showed only statistical marginally 

significance for one variable, namely calling inside the nest box (t=2.09, n=12, p=0.06, figure 

10, see statistics in Appendix table 6.2), with the tendency of those females that called inside 

the nest box also flew longer natal dispersal distances than non-callers. Notice that the sample 

sizes for calling inside the nest box was low (not-calling: n=10, calling: n=2). The relation 

was not significant when applying Holm’s-correction on the seven variables (p=0.46, n=7). 

 
 

Figure 10: Natal dispersal distance (m) of local recruits in relation to one out of seven behavioural 

tests analysed during the incubation period of female great tits, namely the variable calling inside the 

nest box (no/yes) (t=2.09, n=12, p=0.06). Sample sizes are shown above bars. Statistics in Appendix 

table 6.2. 
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3.2.4 Conspecific intruder test in the incubation period 

The personality tests for each sex were measured differently as illustrated in figure 11. 

Females were measured by mean time ≤ 2 m at the conspecific intruders’ cage (0-300s) and 

males were measured by the visits on the conspecific intruders’ cage (scale 0-5). None of the 

analyses showed statistically significant results between natal dispersal distance and intruder 

tests for any of the sexes. Only statistical marginally significance was found for one variable, 

namely mean time spent at the caged intruder for females (r=-0.42, n=16, p=0.10, negative 

correlation in figure 11 a, see Statistics in Appendix table 6.3), i.e. a tendency for females that 

used longer time at the conspecific intruder’s cage to have disperse shorter natal distances, 

and the result was not found for males. The relation with mean time at cage for females were 

non-significant when adjusting the p-values for the two tests included in the analysis (Holm’s-

correction, p=0.20, n=2, one test for each sex). 

 

 

Figure 11: Natal dispersal distance (m) of local recruits in relation to the response to a caged 

conspecific female intruder near the test subject’s nest box during the incubation period for both sexes 

in great tits. (a) Female mean time (0-300s) used ≤ 2 m from the caged intruder (marginal statistically 

significance with a negative correlation: r=-0.42, n=16, p=0.10) and (b) male visits to caged intruder 

(scale 0-5) Statistics in Appendix table 6.3.  
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3.2.5 Predator test in the nestling period 

The analysed personality trait shown is mean minimum distance flown from the predator 

model (Tengmalm’s owl). No relationship was found between natal dispersal distances and 

mean distance flown from predator for any sex (Appendix table 6.3). Natal dispersal distance 

on the y-axis is not made logarithmic because the variable is naturally distributed and a 

transformation did not help with the outliers (as illustrated in figure 12).  

 

 

 

 

 

 

 

 

 

Figure 12: Natal dispersal distances (m) of local recruits in relation to mean minimum distance (m) 

from the predator model (Tengmalm’s owl) measured for five consecutive minutes for both sex in the 

great tit. Statistics in Appendix table 6.3.  

3.2.6   Natal dispersal in relation to behavioral and confounding variables  

A multiple linear regression was performed in female and male great tits on natal dispersal 

distance of local recruits as response variable in relation to possible variables that may be 

confounding (explanatory variables). The variables included in the analyses were three body 

size measurements (body mass, tarsus- and wing length) and three confounding variables: sex, 

year (spring and autumn of 2013 and spring of 2014) and age (juvenile vs. adult). In addition 

for the males, eight behavioural variables were included that resulted in 15 variables in total. 

For the females, fifteen behavioural variables were included that resulted in 21 variables in 

total when included the persistence tests of incubating females. No marginally or significant 

results were found for natal dispersal of local recruits in relation to the confounders for 

neither males nor the females in the analysis.   
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3.2.7  FAMD-analysis of personality and natal dispersal distance of local 

recruits 

The FAMD-analysis included both sexes from the six in-hand behavioural tests in great tits 

(Appendix table 8.1). Variation explained by the two first dimensions are shown in table 4.  

  In the analysis the three most significant variables correlating to dimension 1 and 2 

were, by order, distance flown from hand, screaming and biting (Appendix table 8.1 b), where 

the distance from hand and biting had approximately similar correlation values on dimension 

1. The two first dimensions had together a cumulative percentage of 46.5 % (26.5 % on the 

first dimension) (table 4).  

  In summary, distance flown from hand correlated the most to dimension 1 (as with 

part one of FAMD-analyses with origin) but the supplementary variables natal dispersal 

distance of local recruits and sex were neither statistically marginal nor significantly 

associated to behavioural variables on the two first dimensions (Appendix table 8.1), i.e. low 

association between traits were found.  

Table 4: The table shows the variance explained by the two first dimensions from the 

FAMD-analyses in great tits for both sexes explained by the in-hand tests. Statistics in 

Appendix 8. Further description of parameters is explained in table 3.   

Parameter            Dim 1. Dim 2. 

Variance 1.59 1.20 

Percentage of variance 26.52 19.96 

Cumulative percentage of variance 26.52 46.48 
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4 Discussion  

In great tits, three out of four studies on personality and natal dispersal have found a 

difference in EB between local recruits and immigrants where, independently of sex, 

immigrants were more exploratory than local recruits (table 1: Dingemanse et al., 2003; 

Quinn et al., 2011; van Overveld et al., 2014). No such difference in EB between local 

recruits and immigrants were found in a study from van Overveld et al., (2015) (table 1).  

In contrary to most previous studies on personality and natal dispersal, in this study only one 

significant relationship was found out of all behavioural tests measured: male local recruits 

flew further distances from hand than male immigrants (figure 3). Therefore, it is suggested in 

this present study, where fifteen behavioural traits were measured in females and eight in 

males, that the main conclusion was that no clear relationship existed supporting our null-

hypothesis (H0).  

  In part one personality in relation to origin (local recruits and immigrants) was 

measured and the only significant finding was that, when released from hand, male local 

recruits flew a longer distance from hand to the nearest perch than male immigrants. In part 

two, personalities in relation to natal dispersal distance of local recruits were measured, and 

only a few patterns of marginal statistically significance (p≤0.10) was found. Moreover, the 

FAMD-analyses showed that origin and natal dispersal of local recruits with corresponding 

sex did not contribute to a difference in behavioural traits on the axes. That is origin and natal 

dispersal was not correlated with the behavioural traits. No distinctive behavioural traits were 

found to explain a linear axis from shy to bold. Therefore it seems too simple to use only one 

dimension for personality something that was previously found in Stræte’s (2015) study for 

the analysis of the same behavioural data.   

  Contrary to previous studies (table 1) we did not measure EB, but focused on various 

other behavioural traits in females and males in the wild. It is unknown whether all of these 

behavioural traits are correlated with EB, but there are reasons to believe that at least one of 

our measured traits are (Andersen, 2012; Stræte, 2015). On the other hand, which traits that 

represent boldness do not affect my conclusion because no clear relationships were found 

between natal dispersal and any of the behavioural traits measured, except for the single one 

of males.  
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4.1 Personality of local recruits and immigrants  

The only statistically significant relationship found on personality in relation to origin (local 

recruits versus immigrants) was from the in-hand tests: namely the distance flown from hand 

in males where male local recruits flew further distances from hand to the nearest perch than 

male immigrants (figure 3). This tendency was the same for females, but it was not 

statistically significant (Appendix table 2.1). The significant relationship in males was still 

significant when Holm’s-correction adjusted the p-values for the multiple testing (p=0.025, 

n=12), when the confounding variables were taken into account (sex, age, year and season; 

Appendix 7) and when origin was the response variable in relation to all potential 

confounders as explanatory variables (figure 7 and table 2). I did not find any marginally 

significant values between personality and origin or in the FAMD-analyses of origin and sex 

(Appendix 4). Even though we had a quite large sample size of 95 females and 86 males with 

47 local recruits and 134 immigrants, there was only one significant relationship. Thus, the 

null-hypothesis (H0) is supported and not the alternative H1-hypotheses.   

  In total, this suggests that no clear difference exists between personality of local 

recruits and immigrants in the great tit population at our study site something that was also 

found by (table 1); van Overveld et al., (2015). However, the single significant result may 

suggest that local recruits are slightly shyer than immigrants. This is because the former birds 

flew on average further distances than the latter from hand something that is suggested to be a 

shy anti-predator response (Andersen, 2012; Stræte, 2015). If so, this lends some support to 

the second prediction of H1A stating that immigrants are bolder than local recruits.  

4.2 Personality and natal dispersal of local recruits 

In the analyses of personality and natal dispersal of local recruits, no significant results were 

found in any sex. However, a few patterns of marginal statistically significance was found. 

These were: (1) males that on average bit more dispersed further natal distances than those 

that bit less (Appendix table 6.1); (2) females that called inside the nest boxes moved further 

distances on average from the natal site than non-callers, but due to very low sample size 

(non-callers: n=10 and callers: n=2), it may not be plausible (Appendix table 6.2); (3) females 

that spent longer time at the cage with a conspecific intruder dispersed on average shorter 

natal distances (Appendix table 6.3). None of these variables above remained marginal 

statistically significant when I accounted for the multiple testing of variables in the analyses 

(Holm’s-corrections; (1) p=0.48, n=12; in-hand tests for both sexes, (2) p=0.42, n=7; 
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persistence tests for females, (3) p=0.20, n=2; conspecific intruder tests for both sexes). In 

contrast to the result found in part one for the variable distance flown from the hand in origin, 

no relationship was found in part two between distances flown from hand (or other 

behavioural traits) and natal dispersal of local recruits in any of the sexes (Appendix table 

6.1). The same was found in the FAMD-analyses (Appendix 8). This indicates that the null-

hypothesis (H0) was supported and not the alternative H1-hypotheses.   

  As in our present study of great tits, other studies did not find a clear correlation 

between personality and natal dispersal of local recruits (table 1); Quinn et al. 2011; van 

Overveld et al. 2015. However, some found a correlation in females (table 1); Dingemanse et 

al. 2003, van Overveld et al. 2014. They found that fast-exploring (bold) females dispersed 

longer natal distances than slow-exploring (shy). This is in accordance with the first 

prediction of H1A, lending some support in saying that bold individuals disperse longer 

distances than shy individuals.  

4.3 Body size, habitat quality and natal dispersal 

In a great tit population at Oxford (Quinn et al. 2011), local recruits had on average higher 

body mass than immigrants for both sexes, which was also found in the present study of our 

great tit population. In part one when comparing six body size measurements between local 

recruits and immigrants, the body mass in male local recruits was on average higher than for 

male immigrants (figure 2 and Appendix 1). No such difference was found for females. The 

significant result was still significant after the Holm’s-correction (n=6, p=0.012) and also 

when analysed in relation to the potential confounding variables (table 2). This suggests that 

male body mass have an impact on origin (figure 7). In part two when measured six body size 

measurements in relation to natal dispersal of local recruits, only a marginal statistically 

significant result was found. Namely, females with higher body mass dispersed on average 

shorter natal distances than females with lower body mass (r=-0.38, n=20, p=0.10, figure 8, 

Appendix 5); no such relationship was found for males.  

  Individuals in a population may be exposed to state-dependent responses (e.g. in 

relation to body condition) that may influence personality-dispersal decisions (Nicolaus et al., 

2012a). In a study of great tits by Quinn et al., (2011), immigrants had a tendency to be more 

exploratory than local recruits, while it was a greater difference between the two groups for 

immigrants with low body mass. This and my finding mentioned above are consistent with 

my second prediction of H1A saying that immigrants are bolder than local recruits. 
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Furthermore, an interpretation is that this effect may exemplify a personality-dispersal 

syndrome, e.g. bold individuals may disperse further distances to attain the favourable places 

if habitats are going from a high quality habitat to a low quality habitat (H1C). Thus, bold 

behaviour may be a consequence, and not always the cause, of lower body condition. Even 

though personality has been shown to be heritable to a certain degree (Dingemanse et al., 

2002; Drent et al., 2003; Sih et al., 2004), a plastic response towards a changing environment 

seems plausible. In a study of great tits by Carere & van Oers (2004), shy individuals seemed 

to cope with stress better than bold individuals. Local recruits may have better knowledge of 

where resources are located (e.g. learned from parents or conspecifics) during stressful 

conditions something that can result in a shy approach. This might result in local recruits 

being shyer than immigrants which are consistent with my second prediction of H1A. 

Individuals with a better body condition may also have an increased dispersal tendency 

because they can afford to lose body mass (Quinn et al., 2011). Dispersal is known to be an 

energy costly activity (Bonte et al., 2012); therefore individuals must assess their own energy 

budget relative to dispersal decisions.  

  If we assume that local recruits with high body mass will disperse shorter distances in 

a favourable habitat that immigrants (figure 2 and 8) the assumption will be that our study 

area is a high quality habitat. This supports H1C which states that a relationship between 

personality and natal dispersal depends on habitat quality. The population size of great tits in 

the study area have been quite stable over the years, and experimentally removed birds have 

tended to be replaced quickly (T. Slagsvold, unpublished data). High habitat quality can cause 

strong competition for territories something that influences which birds that stay or disperse. 

Thus, the second prediction in H1C is supported, H1B, stating that local recruits are bolder than 

immigrants. The local recruits seemed to be in better condition than immigrants, and as 

mentioned above, a lower body mass in immigrants can force increased stress-responses 

(Meylan et al., 2002). Studies of the great tit have shown that exploratory behaviour has been 

related to stress responses in both juveniles (Fucikova et al., 2009) and adults (Bouwhuis et 

al., 2014). A way of measuring the stress responses in birds is through the stress hormone 

corticosterone which is secreted during stress responses, and is found to be different between 

sex, age and body condition (Cockrem & Silverin, 2002). This may help us understand why 

there is an individual difference in behavioural responses in a changing environment.  
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  The relatively frequent dispersal of populations of great tits living in northern latitudes 

can be caused by the increased snow cover in the winter seasons, compared to more or less 

absent snow cover in southern latitudes. This might force some individuals to disperse further 

distances when resources are scarce (Bakken et al., 2006). In our study area the birds might 

need to leave their territories temporarily or for longer periods when encountering severe 

winter periods with low temperatures and deep snow covering on the ground and trees. In 

southern populations the birds are more resident (Wernham et al., 2002). Immigrants settling 

in our study area may have dispersed further distances on average from their natal nest site 

than immigrants settling in southern populations. This might have some unknown impact on 

the present result. There are costs and benefits of dispersal in relation to factors such as e.g. 

population density, competition, high quality territories, mates and also food during variation 

in periods of the year (Bonte et al., 2012). Furthermore, personality in social interactions can 

be density dependent with bold individuals being dominant in some circumstances and shy 

individuals being dominant in others (Dingemanse & de Goede, 2004). It is often a tendency 

in birds that females disperse further distances than males, but no significant regional 

difference in dispersal distances were found between sexes in great tits in Norway (Bakken et 

al., 2006) or on the British Isles (Wernham et al., 2002). It has been shown in great tits that 

siblings disperse over relative similar natal distances, with siblings ending up breeding at 

closer distances from one another than control birds, something that influences the population 

to have a high local recruitment because of the post-fledging family movements (Matthysen et 

al., 2005). Thus, it can be harder to measure clear differences in natal dispersal distances for 

families of local recruits at our study site.  

4.4 Limitations and further studies  

Studying the relationship between personality and natal dispersal generally requires that 

individuals are measured more than once for a given trait to reduce measurement errors. In a 

study from Andersen (2012), consistency was found within one season between first and 

second measurement within observers in four out of six in-hand behavioural traits: breathing 

rate, alarm calls, distance flown from hand and screaming. Measurements were not performed 

in the remaining traits (persistence tests, conspecific intruder tests and predator tests). 

Andersen (2012) concluded that the same observers did not make any systematically 

differences in their measurements, but the same consistency was not found between 

observers. In our study, different observers (T. Slagsvold and two master student: T. Ø. Stræte 
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and C. Thorsteinsen) measured the female persistence trait (also called attentiveness trait in 

Stræte’s study) in the breeding season of 2014. In the study from Stræte (2015), repeatability 

in the persistence trait was found from the first to the second measurement; however that may 

have been due to measurement error. Before the behavioural tests, the birds were transported 

with the aid of cloth bags from the place of capture to the site where tests were performed and 

this was shown to influence the bird’s breathing rate, biting rate and the distance flown from 

hand compared to if measurements were performed immediately after captured (Stræte 2015). 

Other factors may also influence the individuals’ behaviour during the tests such as e.g. 

presence of conspecifics or heterospecifics and weather conditions that may differ.  

  Previous results have been based on larger samples and collected over more years 

(table 1: Dingemanse et al., 2003; Quinn et al., 2011; van Overveld et al., 2014; van Overveld 

et al., 2015) than in this thesis. We have data only from a single year (2014) in three of our 

four behavioural tests: (1) in the persistence tests on incubating females, (2) conspecific 

intruder test in incubation period and (3) predator tests in the nestling period. For the in the in-

hand tests, we have data from three previous years (autumn 2012 to spring 2014). Thus, we 

have a greater sample size from the in-hand tests than the other tests. However, in the present 

study, the sample size with two different methods of testing on origin (local recruits and 

immigrants) and natal dispersal (of local recruits) may be sufficient to conclude that no clear 

relationship exists between personality and natal dispersal. The only significant relationship 

found between distance flown from hand and origin should be tested further.  

  It would be interesting in further studies if one could perform behavioural tests on 

juveniles (< 3 months old) to compare with the behaviour of the same birds later in life in 

order to examine whether personality measured as adult reflects personality as a juvenile 

when the decision of dispersal was made. It was beyond our time scope to perform such a test 

and therefore we would recommend that this would be performed in future studies. It would 

also be interesting to perform a comparison of personality measures between nestlings and the 

same individual as adults. In this way, one could examine potential relationships and test the 

consistency in individual adults. We assume that the habitat quality of the study site is high 

something that should be verified. The population density of breeding great tits is much lower 

in our study area than the study areas at England, Netherlands and Belgium (T. Slagsvold, 

unpublished). A lower population density may favour a lower competition for territories, 

suggesting that potentially our habitat quality is not that high as we assumed. Further studies 

may include a stronger test on habitat quality, for instance of breeding success, survival rate 
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and competition relative to other habitats, and a study of a microhabitat difference within the 

study area between local recruits and immigrants as well as for natal dispersal of the local 

recruits. Moreover, the relationship between personality and natal dispersal is recommended 

to be studied over a longer time period than one or a few years. A test for repeatability within 

all behavioural traits and not just in a few would be of interest, because this can increase the 

credibility of the results. In particular, special attention should be weighted towards the 

relationships that were significant or marginally significant.  

  A single personality continuum ranging from shy to bold may be too simple at least in 

our study population because of the low correlations found between the behavioural traits 

measured. However, while previous studies have focused only on one trait, namely EB, we 

have in this thesis focused on fifteen behavioural traits. Therefore it would be interesting to 

see if the patterns found in southern populations in their populations of great tits hold true if 

more behavioural traits are analysed.  

  In summary only a single significant relationship was found in part one (distance 

flown from hand in males) that differed between local recruits and immigrants, and no 

significant relationship was found in part two for personality in relation to natal dispersal of 

local recruits. The lack of more significant results in this study may suggest that our 

conclusion is strong, namely that there is no clear relationship between personality and natal 

dispersal in our present study and that the null-hypothesis (H0) is supported.  
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5 Conclusion 

The main subject of this master thesis has been the investigation of possible relationships 

between various personality traits and natal dispersal in the great tit at Dæli near Oslo, in 

Norway. In pursuit of this question, fifteen behavioural traits were measured for females and 

eight for males a wild population. Statistical analyses were performed for these measurements 

versus both origin (local recruits and immigrants) and natal dispersal (local recruits).  

  For the test of personality in relation to natal dispersal of local recruits, no significant 

patterns were found. Moreover, in the light of that only one out of eight tests revealed a 

statistically significant difference between local recruits and immigrants in males, and none of 

the fifteen for females, the evidence points to no difference in personality between local 

recruits and immigrants, which supports our null-hypothesis. In total, the evidence in this 

thesis therefore points towards no relation between personality and natal dispersal for the 

great tit.  

  To further investigate the possible relation between personality and natal dispersal, 

one could employ higher-dimensional personality models. Further studies may also need to 

test for repeatability within all traits to find which traits that best reflects personality. In 

addition, a larger sample size of local recruits may give a better representation of the 

population. Future studies should investigate if our habitat quality is as high as we have 

assumed. Studies of other populations may need to include more behavioural traits, and not 

just EB, to see if a correlation between personality and natal dispersal would withstand. In 

conclusion, the results received in present study found support for the null-hypothesis (H0) 

saying that there is no relationship between personality and natal dispersal in great tits in our 

study population. 
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Appendix: part one 

 

Appendix 1. Relationship between body size and origin 

Appendix table 1: Comparison of body size between local recruits and immigrants for each sex in 

great tits. Significant p-value is in bold.  

 
 

Appendix 2.  Personality in relation to origin 

Appendix table 2.1: Behavioural variables from “in-hand-test” of human capture for female and male 

great tits when comparing local recruits and immigrants. The aim of the test was to look at the focal 

bird’s anti-predation response towards a human when held in hand. Significant p-value is in bold.   

 

Variables 

Local recruits 

Mean      SD 

 

N 

Immigrants 

Mean      SD 

 

N 

Test  

statistic
a 

     

   P 

Females       

Breathing rate (pulse/30 sec) 69.20      12.82 20 67.84      11.40 75    t=0.43                 0.67 

Biting (scale 1-6)  1.20         1.54           20 1.22          1.61       75    Z=748.5 0.98 

Screaming (% yes)  35.0 20 24.0 75    χ
2
=0.98                0.32 

Immobility (scale 0-180°) 109.5      60.22 20 122.9       63.19 75    Z=635.5              0.27 

Alarm call when leaving (% yes)  75.0 20 72.0 75    χ
2
=0.07              0.79 

Distance flown from hand (m)  9.40         4.13 20 8.61          3.43 75    Z=847.5              0.39 

Males       

Breathing rate (pulse/30 sec)  67.01      10.88 27 66.35       12.21        59    t=0.25 0.81 

Biting (scale 1-6) 2.63          2.10          27 2.86          1.81       59    Z=734.0 0.56 

Screaming (% yes)  29.6 27 30.5 59    χ
2
=0.007              0.93 

Immobility (scale 0-180°) 105.56     66.24  27 119.49     60.38 59    Z=717.5 0.44 

Alarm call when leaving (% yes) 62.9 27 69.5 59    χ
2
=0.36              0.55 

Distance flown from hand (m) 7.56          5.1  27 11.54         4.47       59    Z=378.0 0.0017 
a
: t from Student’s unpaired t-test, Z from Mann-Whitney U-test and χ

2 
from Chi-square test.

 

 

 

 

Variables 

Local recruits 

Mean      SD 

 

N 

Immigrants 

Mean      SD 

 

N 

  

t-test
 

  

P 

Females        

Body mass (g) 17.32      0.78 20 17.07      0.77 74  1.25  0.21 

Tarsus length (mm) 22.27      0.55 20 22.14      0.67 74  0.78   0.43 

Wing length (mm) 74.30      0.11        20 74.65      1.66 74  1.10 0.27 

Males       

Body mass (g) 18.53      0.80  27 17.95      0.75 59  3.20  0.002 

Tarsus length (mm) 22.87      0.61 26 22.69      0.75 56  1.04 0.30 

Wing length (mm) 78.21      1.46       26 77.61      1.67 57  1.57 0.12 
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Appendix table 2.2: Female behavioural variables to presence of a human during the incubation 

period. The aim was to look at the persistence or attentiveness of females during incubation time in the 

nest boxes, when disturbed by a human. 
 

 

Variables 

Local recruits 

Mean     SD 

 

N 

Immigrants 

Mean    SD 

 

N 

Test  

statistic
a 

    

  P 

Hissing inside box (% yes)  25.0 12  29.0 51 χ
2
=0.16 0.68 

Persistence on nest (score 1-4)  2.38       1.23 16  2.00      1.26 62 Z=582.0 0.24 

Calling inside box (% yes)  16.7  12  27.5  51 χ
2
=0.59          0.44 

Distance from box to perch (m)  8.57       3.94             14  8.77      4.50 56 Z=398.0             0.93 

Call leaving box (% yes)  83.3 12  96.8 51 χ
2
=2.65 0.11 

Distance flown after 2 min (m)   8.42       5.9 12  8.96       5.0 51 t=0.33 0.75 

Calling for 2 min after leaving box (%yes)  91. 6 12  92.6  51 χ
2
=0.004            0.95 

a
: t from Student’s unpaired t-test, Z from Mann-Whitney U-test and χ

2 
from Chi-square test. 

 

Appendix table 2.3: Behaviour to a caged conspecific female intruder in the incubation period 

(variables: time spent at caged female and visits to cage) and to the presence of an owl in the nestling 

period (variable distance to owl). The test shows response of parent great tit to a live caged conspecific 

intruder near the test subject’s nest box during the nestling period and, in addition, how the females, 

and males, responded to a predator model (Tengmalm’s owl) late in the nestling period.  

 

Variables 

Local recruits 

Mean      SD 

  

N 

Immigrants 

Mean      SD 

 

N 

Test statistic 

U-test               P 

Female             

Time spent at caged female (sec) 136.60    105.98 16 130.70   119.64 63   541.0 0.65 

Distance to owl (m)  2.27       1.76              13 2.51        1.92            49   288.5 0.60 

Male             

Aggression scores (scale 0-5)  2.00       2.18              14 1.97        2.18           31   214.0           0.94 

Distance to owl (m)  2.33       1.82              18 2.26        1.60            38   353.5             0.85 
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Appendix 3.  Confounding variables in relation to origin   

Appendix table 3.1: Analysis of variance (ANOVA) of normal-distributed behavioural variables, 

namely breathing rate (in-hand tests), distance flown from box to perch and distance flown after 2 min 

(from the incubation period of females) in relation to the potential confounders, namely origin (local 

recruits or immigrants), sex, age (juvenile vs. adult), season-year (spring and autumn of 2013 and 

spring of 2014) in great tits. Significant p-values are in bold.
a
   

 

Variables 

    Origin 

    F       P 

      Sex 

    F       P 

      Age  

     F       P 

    Year 

   F       P 

Both sexes (N=181)      

Breathing rate (#/30 sec)  0.28   0.59 0.40 0.53 0.10 0.75 12.18 0.007 

Females (N=67)     

Distance flown from box to perch (m)  0.002    0.97     -           -  0.03 0.85 2.51 0.09 

Distance after 2 min (m) 0.19 0.66 -       - 1.34 0.25 0.07 0.93 

a
: Interaction term with origin was included in all analyses, but deleted because of non-significance (p>0.05).  
                  
Appendix table 3.2: Analysis of covariance (ANCOVA) of normal-distributed behavioural variables, 

namely breathing rate (from the in-hand-test), distance flown from box to perch and  

distance flown after 2 m (from the incubation period of females) in relation to the possible  

confounders, namely origin (local recruits or immigrants) and body sizes in great tits.
a
  

 

 

Variables 

      Origin 

     F         P 

Tarsus length 

     F         P 

  Body mass 

     F         P 

Wing length  

     F         P 

Both sexes (N=179)     

Breathing rate (#/30 sec) 0.001  0.97 0.07    0.78 2.72 0.10 3.09 0.08 

Females (N=65)     

Distance flown from box to perch (m) 0.001  0.97 0.80      0.37 0.73 0.40 0.01 0.91 

Distance after 2 min (m) 0.04 0.42 0.49 0.16 0.002 0.71 0.001 0.73 

a
: Interaction term with origin was included in all analyses, but deleted because of non-significance (p>0.05).  
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Appendix table 3.3: Multiple logistic regression with non-normal distributed behavioural variables  

from the rest of in-hand-test and incubation period of females, in relation to origin
a
, sex, age (juvenile 

vs. adult), season-year of trial (spring and autumn of 2013 and spring of 2014) in great tits. Significant 

p-values are in bold. 
 

 

 

 

Variables 

    

 

   Origin 

   Z      P 

      

 

       Sex 

    Z      P 

        

 

         Age 

      Z        P 

Season-year 

(autumn 2014 

vs. spring 2014) 

        Z       P 

Season-year 

(spring 2015 vs. 

spring 2014) 

     Z      P 

Both sexes (N=181)      

Biting (scale 1-6)  1.27 0.20  4.51 0.015  0.02 0.98  2.06 0.04  0.14 0.88 

Screaming (yes/no)  0.60 0.54  0.86 0.38 -3.49 0.0005  1.71 0.08  0.92 0.35 

Alarm call when leaving (yes/no)  0.26 0.79 -0.68 0.49 -0.64 0.52  0.02 0.98 -0.64 0.52 

Distance flown from hand (0-20 m) -2.17 0.03 -1.05 0.29  0.41 0.68  1.05 0.29 -1.01 0.31 

Immobility when turning (0°, rest)  -1.36 0.17  0.10 0.92  1.60 0.11  0.009 0.99  1.07 0.28 

Immobility when turning (90°, rest) -0.60 0.55 -0.41 0.68  1.17 0.24  0.01 0.98  0.92 0.35 

Immobility when turning (120°, rest) -0.69 0.48  1.22 0.22  0.06 0.95 -1.81 0.07 -2.51 0.01 

Immobility when turning (180°, rest)  1.93 0.05 -0.53 0.59 -2.01 0.04  2.59 0.01  0.58 0.55 

Females (N=75)      

Hissing inside box (yes/no)  0.43   0.66       -          -  0.36 0.72  1.67 0.10  0.72 0.47 

Calling inside box (yes/no)  1.24    0.21       -          - -0.08 0.93 -0.01 0.99  1.21 0.23 

Calling for 2min after leaving  box 

(yes/no) 

 0.16 0.87       -          - -0.47 0.63  0.74 0.46 -0.17 0.86 

Calling when leaving box (yes/no)  1.55 0.11       -         - -0.03 0.97 1.86 0.06 1.21 0.22 

Persistence on nest (score 1, rest)   1.09 0.27       -         -  0.90 0.36  0.01 0.99 -0.32 0.75 

Persistence on nest (score 2, rest) -0.94 0.34       -          -   0.21 0.83  0.006 0.99 -0.43 0.66 

Persistence on nest (score 3, rest)  0.51     0.61       -          -  -1.47 0.14  0.01 0.99 -0.10 0.92 

Persistence on nest (score 4, rest) -0.92 0.36       -          -  0.32 0.75 -0.01 0.99  0.97 0.33 
a: Interaction term with origin (local recruits and immigrants) was included for all variables, but only interactions with origin 

and sex (z=-2.16, p=0.03) and origin and year (5 vs 3) (z=-2.29, p=0.02) were significant.  
 
Appendix table 3.4: Multiple logistic regressions with non-normal distributed behavioural  

variables from the rest of “in-hand-test” and incubation period of females, in relation to origin
a
 (local  

recruits or immigrants) and body sizes, in great tits. Significant p-values are in bold.  

 

 

Variables 

    Origin 

  Z          P 

Tarsus length 

   Z          P 

Body mass 

  Z          P 

Wing length  

   Z          P 

Both sexes (N=179)     

Biting (scale 1-6)  0.86 0.39  0.55 0.58  0.78 0.43  2.55 0.01  

Screaming (yes/no) -0.48 0.63  0.19 0.85  0.83 0.40 -1.38 0.16 

Alarm call when leaving (yes/no)  0.29 0.77  1.57 0.11 -0.64 0.52 -0.29 0.77 

Distance flown from hand (m)
 

-2.23 0.02 -1.09 0.27  0.87 0.38 -0.01 0.99 

Immobility when turning (0, rest)  -1.06 0.28 -0.90 0.36 -0.50 0.61  0.87 0.38 

Immobility when turning (90, rest) -0.22 0.82  1.68 0.09 -0.23 0.81 -1.22 0.22 

Immobility when turning (120, rest) -0.78 0.43  0.67 0.50 -0.51 0.60  0.72 0.47 

Immobility when turning (180, rest)  1.62 0.10 -1.38 0.16  0.94 0.34 -0.18 0.86 

Females (N=73)     

Hissing inside box (yes/no)  0.64 0.76  0.10 0.92  1.02 0.30 -0.88 0.37 

Calling inside box (yes/no)  0.95 0.34 -0.10 0.92 -0.82 0.41  0.07 0.94 

Calling for 2min after leaving  box (yes/no) -0.07 0.94  0.63 0.52 -0.14 0.89 -0.61 0.54 

Calling when leaving box (yes/no)  1.69 0.09  0.26 0.79  1.42 0.15 -1.42 0.15 

Persistence on nest (scale 1, rest)  1.20 0.22 -1.65 0.09  0.82 0.41  1.32 0.19 

Persistence on nest (scale 2, rest) -0.79 0.43  0.62 0.53  0.38 0.70 -0.16 0.87 

Persistence on nest (scale 3, rest) -0.32 0.74  1.64 0.10 -1.09 0.27  0.06 0.95 

Persistence on nest (scale 4, rest) -0.71 0.47 -0.12 0.90 -0.11 0.91 -1.61 0.10 

a: 
Interaction term with origin was included in all analyses, but removed due to non-significance. 
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Appendix 4. FAMD-analyses of personality in relation to origin 

 

Appendix table 4.1: The FAMD-analyses were done for both sexes with six in-hand tests that were 

measured in great tits (n=181). The supplementary variables were origin (local recruits and 

immigrants), sex, and adding sex and origin together (female local recruits: n=20, female immigrants: 

n=75, male local recruits: n=27, male immigrants: n=59). (a) FAMD-summary from the analyses of 

both sexes with the quantitative and qualitative variables from in-hand tests on the two first 

dimensions. (b) Supplementary description of FAMD-summary and results. (c) Table shows 

calculations of correlation coefficients between quantitative and qualitative variables with 

corresponding dimensions and significance levels. (d) For illustration, figures from the FAMD-results 

shows (1) variables factor map with distributed behavioural traits on dimension 1 (x-axis) and 2 (y-

axis) and (2) individual factor map with supplementary variables combined. Only levels of 

significance (p≤0.05) were included in the FAMD-analyses (Appendix tables 4.1-3), whereas for the 

supplementary variables, marginal significance (p ≤ 0.10) were included. Supplementary description 

of FAMD-summary and the results are in Appendix table 4.1 b and marks in cells indicate zero 

significance in Appendix table 4.1 c and 4.2-3 b.     

(a) FAMD summary   

                                                   Dim 1.                 Dim 2. 

Variables  coord.    Ctr. Cos2.  v.test coord.    Ctr. Cos 2.   v.test 

Quantitative               

Breathing rate  0.49 17.80 0.24   0.56 26.63 0.32  

Biting  0.52 19.88 0.27  -0.29 7.44 0.09  

Immobility  0.25 4.77 0.06  -0.28 6.73 0.08  

Distance from hand  0.67 32.96 0.45   0.33 9.15 0.11  

Qualitative               

Not screaming -0.24 2.25 0.14  -4.43  0.53 14.07 0.67    10.38 

Screaming  0.61 5.75 0.14   4.43 -1.35 35.86 0.67   -10.38 

Not alarming  0.85 11.63 0.29   6.38 -0.06 0.07 0.001   -0.47 

Alarming -0.36 4.94 0.29  -6.38  0.02 0.03 0.001     0.47 

 

      (b) Supplementary description of FAMD-summary and results, based on  

            Husson et al. (2016) and Stræte (2015).  

                                FAMD-summary  

Abbreviations Descriptions  

coord. Variables’ coordinates on the dimensions. 

Ctr. Variables contribution to the construction of the dimension. 

Cos2. A measure of the variables’ quality of representation on the dimension, measured by the squared 

cosine. Cos2-value near 1 indicates that the variables are well-projected on the dimensions. 

v.test. Only for categories. The v.test takes a value between [-2,2] if on average the coordinates of samples 

that take the category is not significantly different from zero. The v.test is smaller than -2, or greater 

than 2, if, on average, the coordinates of samples which take the category is significantly lesser or 

greater than zero, respectively.  

                                FAMD-results 

correlation Correlation coefficient between quantitative variables and the dimension.  

R
2 

Square correlation ratio between the coordinates of the individuals and the qualitative variable. R
2
 is 

the indicator in a one-way ANOVA to see if there is a link between the dimension and the categorical 

variable. 

Estimate The estimate show whether the individuals belong to the category which had higher (positive value) 

or lower coordinates (negative values). Sum of the estimate coefficients of categories of the same 

variable is equal to zero.  
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(c) Results of FAMD-analysis 

                                                   Dim 1.                 Dim 2. 

Variables     correlation     P  correlation     P 

Quantitative            

Breathing rate  0.49 < 0.001  0.57 < 0.001 

Biting   0.52 < 0.001 -0.30    0.03 

Immobility     -      - -0.28    0.02 

Distance from hand  0.67 < 0.001  0.33    0.01 

Qualitative  R
2 

     P    R
2 

    P 

Alarm calls  0.23 < 0.001     -      - 

Screaming  0.11    0.02  0.60 < 0.001 

Sex
 

    -      -     -       - 

Origin
 

    -      -     -      - 

SexOrigin
 

    -      -     -      - 

Categories  estimate      P     estimate      P 

Not Alarming  0.61 < 0.001     -       -   

Alarming -0.61 < 0.001     -       -   

Not Screaming -0.43    0.02  0.94 < 0.001 

Screaming  0.43    0.02 -0.94 < 0.001 

Female     -      -     -      - 

Male     -      -     -      - 

Local recruits     -      -     -      - 

Immigrants     -      -     -      - 

Female local recruits     -      -     -      - 

Female immigrants     -      -     -      - 

Male local recruits     -      -     -      - 

Male immigrants
 

    -      -     -      - 

 

(d) Figures (shown for illustration) received from the results of FAMD-analysis above in (c). 

Figure (1) shows the variables factor map with the variables from in-hand tests for both sexes 

on dimension 1 and 2. The longer the arrow, the more the variable is contributing to the 

dimensions. Figure (2) show the score of individuals on the dimension 1 and 2, the individual 

scores being coloured with respect to their respective group according to origin and sex.  
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Appendix table 4.2: FAMD-analyses of fifteen behavioural traits from the in-hand tests, persistence 

tests (during incubation period of females), conspecific intruder tests and predator tests in the nestling 

period, were measured on female great tits (n=49). Origin, whether it is a local recruit (n=9) or 

immigrant (n=40), was used as supplementary variable (a) FAMD-summary from the analyses done 

separately on females with the quantitative and qualitative variables on corresponding dimensions. (b) 

Table shows calculations of correlation coefficients between quantitative and qualitative variables, 

with the corresponding dimensions and significance levels. See supplementary description in 

Appendix table 4.1 b.  

(a) FAMD-summary   

                                                   Dim 1.                 Dim 2. 

Variables    coord.  ctr.   cos2. v.test.  coord.    ctr. cos 2.  v.test. 

Quantitative               

Breathing rate  0.28 3.34 0.08   0.29 4.11 0.08  

Biting  0.48 10.22 0.23  -0.46 10.38 0.21  

Immobility -0.20 1.84 0.04   0.37 5.94 0.12  

Distance flown from hand  0.20 1.76 0.04   0.66 23.28 0.47  

Distance flown after 2 min  0.66 18.93 0.43   0.28 3.97 0.08  

Distance flown from box  0.75 24.58 0.56  -0.07 0.25 0.005  

Time at caged intruder  0.22 2.12 0.05  -0.61 18.19 0.37  

Persistence  0.41 7.48 0.17  -0.22 2.50 0.05  

Distance flown from 

predator 

 0.58 14.50 0.33   0.19 1.88 0.04  

Qualitative                

Not screaming  -0.38 2.10 0.32 -2.94  -0.02 0.006 0.001 -0.15 

Screaming      1.07 5.82 0.32  2.94  0.05 0.02 0.001  0.15 

Not alarming   -0.60 1.83 0.10 -1.65  1.08 7.45 0.31  3.15 

Alarming    0.22 0.66 0.10  1.65 -0.39 2.69 0.31 -3.15 

Not hissing  -0.06 0.05 0.007 -0.45 -0.46 3.71 0.40 -3.56 

Hissing      0.16 0.13 0.007  0.45  1.16 9.27 0.40  3.56 

Not calling inside box   -0.19 0.55 0.10 -1.65  0.12 0.26 0.04  1.06 

Calling inside box      0.67 1.92 0.10  1.65 -0.41 0.89 0.04 -1.06 

No calling after 2 min  0.83 0.81 0.04  0.97 -0.17 0.04 0.002 -0.22 

Calling after 2 min -0.05 0.05 0.04 -0.97  0.01 0.003 0.002  0.22 

No call when leaving -0.79 0.74 0.03 -0.93 -2.02 6.10 0.21 -2.51 

Call when leaving  0.05 0.05 0.03  0.93  0.13 0.40 0.21  2.51 
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(b) Results of FAMD-analyses  

                                                   Dim 1.                 Dim 2. 

Variables          correlation      P   correlation      P 

Quantitative            

Breathing rate     -       -     -      - 

Biting      -      -     -      - 

Immobility     -         -              -      - 

Distance flown from hand     -       -  0.68   0.002 

Distance flown from box  0.75 < 0.001     -      - 

Distance flown after 2 min  0.66    0.002     -      - 

Distance flown from predator  0.58    0.009     -       - 

Time at caged intruder       -       - -0.61   0.008 

Persistence      -       -     -       - 

Qualitative   R
2 

     P    R
2 

     P 

Alarm calls     -      -  0.21    0.001 

Screaming  0.18    0.002      -       - 

Hissing     -       -  0.26 < 0.001 

Call when leaving box     -      -  0.10    0.02 

Calling inside box     -         -      - 

Calling after 2 min     -      -     -      - 

Origin
 

    -      -     -      - 

Categories  estimate      P     estimate      P 

Not Alarming     -       -    0.73    0.001 

Alarming     -       -   -0.73    0.001 

Not Screaming -0.73    0.002     -       -   

Screaming  0.73    0.002     -       -   

Not hissing     -       -   -0.81 < 0.001 

Hissing     -       -    0.81 < 0.001 

No call when leaving     -       -   -0.96    0.02 

Call when leaving     -       -    0.96    0.02 

Not calling inside box     -       -       -       -   

Calling inside box     -       -       -       -   

Not calling after 2 min     -       -     -       -   

Calling after 2 min     -       -       -       -   

Local recruits     -       -     -       -   

Immigrants     -       -      -       -    
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Appendix table 4.3: FAMD-analyses of males with eight behavioural traits from the in-hand tests, 

conspecific intruder tests and predator test during the nestling period, were measured on great tits 

(n=35). Origin, whether it is a local recruit (n=11) or immigrant (n=24), was used as the 

supplementary variable. (a) FAMD-summary from the analysis done separately on males with the 

quantitative and qualitative variables on corresponding dimensions. (b) Table shows calculations on 

correlation coefficients between quantitative and qualitative variables with the corresponding 

dimensions and significance levels. See supplementary description in Appendix table 4.1 b.    

(a) FAMD-summary   

                                                   Dim 1.                 Dim 2. 

Variables    coord.  ctr.   cos2. v.test.  coord.    ctr. cos 2.  v.test. 

Quantitative               

Breathing rate   0.65 24.58 0.43  -0.25 4.13 0.06  

Biting   0.55 17.46 0.30   0.38 9.49 0.14  

Immobility   0.20 2.36 0.04   0.24 3.81 0.06  

Distance from hand   0.75 32.18 0.56  -0.40 10.63 0.16  

Scores at caged intruder  -0.41 9.65 0.17  -0.12 0.91 0.01  

Distance from predator    0.15 1.26 0.02   0.54 19.74 0.30  

Qualitative                

Not screaming  -0.15 0.46 0.03 -0.90 -0.77 17.20 0.86 -5.06 

Screaming      0.28 0.89 0.03  0.90  1.47 32.98 0.86  5.06 

Not alarming    0.76 7.00 0.27  2.57 -0.20 0.69 0.02 -0.75 

Alarming   -0.45 4.14 0.27 -2.57  0.12 0.41 0.02  0.75 

  

 (b) Results of FAMD-analyses  

                                                                Dim 1.                        Dim 2. 

Variables          correlation  p.value   correlation  p.value 

Quantitative            

Breathing rate   0.65    0.01      -       - 

Biting      -       -  0.38    0.03 

Immobility     -       -     -       - 

Distance from hand  0.75     0.002 -0.40    0.02 

Scores at caged intruder     -       -     -       - 

Distance from predator     -       -  0.54 ≤ 0.001  

Qualitative    R
2 

 p.value    R
2 

 p.value 

Alarm calls  0.19    0.008     -       - 

Screaming     -       -  0.75 ≤ 0.001 

Origin     -       -     -       - 

Categories     estimate  p.value     estimate  p.value 

Not alarming  0.60   0.008     -       - 

Alarming -0.60    0.008     -       - 

Not screaming     -       - -1.12 ≤ 0.001 

Screaming     -       -  1.12 ≤ 0.001 

Local recruits     -       -     -       - 

Immigrants
 

    -       -     -       - 
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Appendix: part two 

Appendix 5.  Relationship between body sizes and natal dispersal of local 

recruits  

Appendix table 5: Comparison of body sizes (body mass, tarsus length and wing length) in relation to 

natal dispersal distances of local recruits for each sex in great tits.  

 Correlation with dispersal distances (m) 

Variables   r
a
 N   P 

Female          

Body mass (g) -0.38 20 0.10 

Tarsus length (mm) -0.33 20 0.16 

Wing length (mm) -0.27 20 0.25 

Male          

Body mass (g)  0.17 25 0.40 

Tarsus length (mm)  0.16 25 0.44 

Wing length (mm)  0.06 25 0.79 
a
:Pearson’s product moment correlation coefficient 

 

Appendix 6.  Personality in relation to natal dispersal of local recruits  

Appendix table 6.1: Behavioural variables from in-hand-tests of human capture for female and male 

local recruits in relation to natal dispersal distances of local recruits in great tits. The appendix is 

divided into quantitative (a) and qualitative variables (b) with corresponding tests, sample sizes and 

significance scores. 

(a) Quantitative variables from the in-hand tests of local recruits  

        Correlation with dispersal distances (m) 

Variables   r
a
 N   P 

Females     

Breathing rate (#/30 sec) -0.07 20 0.77 

Biting (score 1-6)  -0.11
b
 20 0.63 

Immobility (scale 0-180°)  0.12
b 

20 0.60 

Distance flown from hand (m) -0.09 20 0.70 

Males    

Breathing rate (#/30 sec)   0.25 25 0.23 

Biting (score 1-6)  0.35
b 

25 0.08 

Immobility (scale 0-180°) -0.12
b 

25 0.57 

Distance flown from hand (m)  0.18 25 0.39 
a
: Pearson’s product moment correlation coefficient 

b
: Spearman’s rank order correlation coefficient 
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 (b) Qualitative variables from in-hand tests of local recruits  

      Natal dispersal distances (m)
 

   

 

Variables 

         No 

Mean     SD 

 

 N 

       Yes 

Mean     SD 

 

 N 

 

t-test 

 

 P 

Females        

Screaming (yes/no) 363.1     1.95 13 398.1    1.95    7 0.34 0.73 

Alarming (yes/no) 436.5     1.58  5 363.0    1.99 15 0.56 0.58 

Males       

Screaming (yes/no) 338.8      2.05 17 389.0    1.51  8 0.45 0.65 

Alarming (yes/no) 281.8      2.00 10 416.9    1.74 15 1.61 0.12 

 

Appendix table 6.2: Analyses of behavioural variables from the persistence tests on incubating 

females of local recruits in great tits. The Appendix is divided into quantitative (a) and qualitative 

variables (b) with corresponding tests, sample sizes and significance scores.  

(a) Quantitative variables from the persistence tests of female local recruits  

           Correlation with dispersal distances (m) 

Variables   r
a
 N   P 

Females     

Persistence on nest (score 1-4) -0.11
b 

12 0.72 

Distance from box to perch (m) -0.31 12 0.32 

Distance flown after 2 min (m) -0.29 12 0.35 
a
:Pearson’s product moment correlation coefficient 

b
: Spearman’s rank order correlation coefficient 

(b) Qualitative variables from the persistence tests of female local recruits  

                Natal dispersal distances (m)
 

 

Variables 

          No 

Mean     SD 

 

N 

       Yes 

Mean     SD 

 

N 

 

t-test 

 

 P 

Females        

Hissing inside box (yes/no) 446.7     1.66 8 316.2    2.63 4 0.84 0.42 

Calling inside box (yes/no) 338.8     1.17 10 871.0    1.05 2 2.09 0.06 

Calling for 2 min after leaving box (yes/no) 871.0     1.07 1 371.5    1.90 11 1.27 0.22 

Call leaving box (yes/no) 302.0     1.51 2 416.9    2.04 10 0.64 0.53 
 

Appendix table 6.3: Analyses of behavioural variables from conspecific intruder tests and predator 

test in nestling period of female and male local recruits to see if correlated with natal dispersal 

distances of local recruits in great tits.  

 Correlation with dispersal distances (m) 

Variables   r
a
 N   P 

Female          

Time spent at caged female (sec) -0.42 16 0.10 

Distance to owl (m) -0.02 13 0.95 

Male          

Visits to cage (scale 0-5) -0.34
b
              14 0.23 

Distance to owl (m) -0.07 16 0.80 
a
:Pearson’s product moment correlation coefficient 

b
: Spearman’s rank order correlation coefficient 
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Appendix 7.  Confounding variables in relation to natal dispersal distances 

of local recruits  

Appendix table 7.1: Analysis of covariance (ANCOVA) on normal-distributed variables, namely 

breathing rate (from in-hand tests), distance flown from box to perch, and distance flown after 2 min 

(from the incubation period of females) in relation to natal dispersal
a
, sex, age (juvenile vs. adult), 

season-year (spring and autumn of 2013 and spring of 2014) in great tits. Significant p-values are in 

bold. 

 

Variables 

  Natal dispersal 

       F       P 

      Sex 

    F       P 

      Age  

    F        P 

    Year 

   F        P 

Both sexes (N=181)      

Breathing rate (#/30 sec)   0.13 0.29 0.59 0.45 0.60 0.44 4.87 0.01 

Females (N=67)     

Distance flown from box to perch (m)  0.06 0.82     -           -  2.14 0.18 3.53 0.08 

Distance after 2 min (m) 0.19 0.68     -           - 1.14 0.34 1.47 0.29 

a
: Interaction term with natal dispersal was performed in all analyses, but deleted because of non-significance. 

 

Appendix table 7.2: Analysis of covariance (ANCOVA) on normal-distributed variables,  

namely breathing rate (from in-hand tests), distance flown from box to perch and distance flown after 

2 m (from the incubation period of females) in relation to natal dispersal
a
 and body sizes in great tits.  

 

 

Variables 

 Natal dispersal 

     F         P 

Tarsus length 

     F         P 

  Body mass 

     F         P 

Wing length  

     F         P 

Both sexes (N=179)     

Breathing rate (#/30 sec) 0.006 0.94 0.86 0.36 0.51 0.48 0.003 0.95 

Females (N=65)     

Distance flown from box to perch (m) 0.06 0.82 0.03 0.87 1.34 0.29 0.69 0.43 

Distance after 2 min (m) 0.19 0.68 0.17 0.70 0.06 0.81 0.10 0.76 

a
: Interaction term with natal dispersal was included in all analyses, but deleted because of non-significance. 
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Appendix table 7.3: Multiple logistic regression with non-normal distributed behavioural variables.  

The variables included in analyses is from the in-hand tests for both sexes and from the persistence  

tests of incubating females in the great tits, and the behavioural variables is analyses in relation to  

natal dispersal distance (m), sex, age (juvenile vs. adult), season-year (spring and autumn of 2013 and 

spring of 2014). Significant p-values are in bold.  

 

 

 

 

 

 

Variables 

             

 

 

 

         Natal dispersal 

                   Z      P 

       

 

 

 

        Sex 

      Z      P 

       

 

 

 

         Age 

      Z        P 

Season-Year 

(autumn of 

    2013 vs. 

   spring of 

    2013)  

    Z        P 

Season-Year 

(spring of 

    2014 vs. 

   spring of 

    2013)  

   Z        P 

Both sexes (N=181)      

Biting (scale 1-6)  0.41 0.68  0.63 0.52  0.31 0.75  0.006 0.98  0.04 0.96 

Screaming (yes/no)  0.18 0.88  0.63 0.52  2.07 0.04  0.28 0.77 -1.10 0.27 

Alarm call when leaving (yes/no)  0.48 0.63  1.05 0.29 -1.52 0.12 -0.008 0.98 -0.64 0.52 

Distance flown from hand (0-20 m) -0.53 0.72  1.43 0.15 -0.60 0.54 1.76 0.08 0.05 0.95 

Immobility when turning (0°, rest)   0.92 0.35  1.21 0.23 -1.12 0.26 -0.006 0.99  0.004 0.99 

Immobility when turning (90°, rest) -0.51 0.61 -0.28 0.77 -1.32 0.18 -0.006 0.98  0.007 0.99 

Immobility when turning (120°, rest)  0.40 0.16  2.01 0.04 -1.36 0.17 -2.27 0.02 -2.12 0.04 

Immobility when turning (180°, rest) -1.03 0.30  1.32 0.18  1.73 0.08 -0.005 0.99  0.002 0.98 

Females (N=75)      

Hissing inside box (yes/no) -0.54   0.59       -          - -0.001 0.98  0.01 0.99  0.72 0.47 

Calling inside box (yes/no)  1.31    0.19       -          - -0.08 0.93 -0.01 0.99  0.002 0.98 

Calling for 2min after leaving  box (yes/no)  0.16 0.87       -          - -0.47 0.63  0.74 0.46 -0.17 0.86 

Calling when leaving box (yes/no)  0.96 0.33       -         -  0.21 0.83 -0.003 0.98  0.003 0.98 

Persistence on nest (score 1, rest)  -0.96 0.33       -         -  0.90 0.36  0.01 0.99 -0.32 0.75 

Persistence on nest (score 2, rest)  0.69 0.48       -          -  -1.04 0.30 -0.002 0.99  0.005 0.97 

Persistence on nest (score 3, rest) -0.13     0.90       -          -   0.004 0.99 -0.005 0.99  0.006 0.99 

Persistence on nest (score 4, rest)  0.09 0.93       -          - -0.63 0.53  0.005 0.99  0.005 0.98 
a
: Interaction term with natal dispersal was included in all analyses, but removed due to non-significance.  
 
Appendix table 7.4: Multiple logistic regressions (MLR) with non-normal distributed behavioural  

variables from the “in-hand-test” and incubation period of females, in relation to natal dispersal
a
 and  

body size, in great tits. Significant p-values are in bold. 

 

 

Variables 

  Natal dispersal 

        Z          P 

Tarsus length 

    Z          P 

Body mass 

   Z          P 

Wing length  

   Z          P 

Both sexes (N=179)     

Biting (scale 1-6)
b
  0.42  0.73 -0.20 0.84 -0.54 0.59  0.77 0.44 

Screaming (yes/no)  0.14  0.88  1.16 0.25 -0.18 0.85  0.41 0.68 

Alarm call when leaving (yes/no)  0.52  0.70  2.15 0.03 -0.22 0.83 -0.45 0.65 

Distance flown from hand (m)
c 

-0.43  0.66 -0.42 0.67 -1.58 0.11  1.51 0.13 

Immobility when turning (0, rest)   0.93  0.40 -0.31 0.75  0.88 0.38  1.24 0.21 

Immobility when turning (90, rest) -0.48  0.51 -1.27 0.20  0.42 0.67 -1.13 0.26 

Immobility when turning (120, rest) -1.42  0.15  1.53 0.12 -0.37 0.71 -1.43 0.15 

Immobility when turning (180, rest) -1.03  0.30  0.95 0.34 -1.15 0.25  1.58 0.11 

Females (N=73)     

Hissing inside box (yes/no)  0.49  0.63  0.90 0.36  1.68 0.09 -1.33 0.18 

Calling inside box (yes/no)  1.59  0.11  0.05 0.96  0.90 0.36 -1.07 0.28 

Calling for 2min after leaving  box (yes/no)    0.005  0.98  0.55 0.58 -1.06 0.28  0.54 0.57 

Calling when leaving box (yes/no)  0.02  0.98  0.08 0.93  0.22 0.83   0.38 0.70 

Persistence on nest (scale 1, rest) -0.08  0.94  0.09 0.92 -0.80 0.42  1.60 0.11 

Persistence on nest (scale 2, rest) -0.28  0.78  0.02 0.98  1.21 0.22 -0.87 0.38 

Persistence on nest (scale 3, rest)  0.42  0.67  0.48 0.63 -0.81 0.42  0.60 0.55 

Persistence on nest (scale 4, rest) -0.78  0.43 -0.27 0.79 -0.15 0.88 -0.68 0.50 

a: 
Interaction term was included for natal dispersal in all analyses, but excluded because of non-significance. 
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Appendix 8.   FAMD-analyses of personality in relation to natal  

dispersal of local recruits  
 

Appendix table 8.1: FAMD-analyses of both sexes with six in-hand tests measured on local recruits 

in great tits (n=45, females=20, males=25). The supplementary variables were natal dispersal and sex. 

(a) FAMD-summary from the analyses of both sexes with the quantitative and qualitative variables 

from in-hand tests on corresponding dimensions. (b) Table shows calculations of correlation 

coefficients between quantitative and qualitative variables with the corresponding dimensions and 

significance levels. Only levels of significance were included for all behavioural variables in the 

FAMD-analyses, whereas for the supplementary variable, values of marginal significance (p≤0.10), 

were included. Supplementary description of FAMD-summary and results are assembled in Appendix 

table 4.1 b and marks in cells indicate zero significance in Appendix table 8.1.  

(a) FAMD-summary   

                                                   Dim 1.                 Dim 2. 

Variables    coord.    ctr. cos2.  v.test coord.    ctr. cos 2.   v.test 

Quantitative               

Breathing rate  0.55 19.10 0.30   0.05 0.17 0.002  

Biting  0.65 26.35 0.42   0.04 0.13 0.002  

Immobility  0.51 16.24 0.26  -0.08 0.58 0.007  

Distance from hand  0.62 24.10 0.38   0.64 33.64 0.40  

Qualitative               

Not screaming -0.38 3.86 0.26 -2.85  0.50 11.62 0.44  4.29 

Screaming  0.77 7.71 0.26  2.85 -1.00 23.24 0.44 -4.29 

Not alarming  0.37 1.76 0.06  1.36 -0.94 20.41 0.42 -4.02 

Alarming -0.18 0.88 0.06 -1.36  0.47 10.21 0.42  4.02 

 

    (b) Results of FAMD-analyses  

                                                   Dim 1.                 Dim 2. 

Variables     correlation      P  correlation     P 

Quantitative            

Breathing rate     -      -     -      - 

Biting   0.65    0.004     -      - 

Immobility     -      -     -      - 

Distance from hand  0.62    0.01  0.63    0.007 

Natal dispersal distance
 

 -       -     -      - 

Qualitative  R
2 

    P    R
2 

    P 

Alarm calls      -      -  0.37    0.007 

Scream calls  0.18     0.003  0.42    0.004 

Sex     -       -     -      - 

Categories  estimate     P     estimate     P 

Not Alarming     -     - -0.70    0.007 

Alarming     -     -  0.70    0.007 

Not Screaming -0.57    0.003  0.75    0.004 

Screaming  0.57    0.003 -0.75    0.004 

Female      -       -     -      - 

Male      -       -     -      - 

 

 


