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Theoretical overview 

Behavioral ecology often focuses on what are perceived to be the central 

tendencies of animal behavior. In this approach, individual differences in behavior are 

assumed to be a random variation around an adaptive mean. Measuring the central 

tendencies of behavior is a crucial task in many areas of behavioral ecology, including 

studies of life-history strategies (but see Stamps 2007) and optimal foraging theories. 

However, this reasoning may lead to the notion that the differences between individuals 

are significant only in the sense that they are the “raw material” on which selection acts, 

and that one phenotype invariably has the highest fitness (Wilson 1998, Bell 2007). It is 

possible however that multiple phenotypes may enjoy similar fitnesses, and a focus on a 

single central tendency may result in researchers underestimating the importance of the 

variants.  

Recent studies in a wide variety of taxa have demonstrated consistent individual 

differences along many axes of behavior, including the fearfulness vs. boldness 

continuum (Bell 2005, Reale et al. 2000), exploration (Dingemanse et al. 2002, Drent et 

al. 2003), coyness vs. aggressiveness (Johnson and Sih 2005, van Oers et al. 2004), and 

sociability (Mills and Faure 2000). These differences in behavior are commonly referred 

to as “animal personalities”, a term that reflects the coexistence of different behavioral 

types in a species or population. Consistent differences is a single behavior may extend 

over different contexts (e.g. exploratory behavior in predator presence vs. absence) 

(Stamps 2007, Wilson 1998), and may be correlated with other behavioral axis, creating 

suits of correlated behaviors (Bell 2007, Sih et al. 2004a, b). For example, very bold 

individuals are often also very aggressive, whereas fearful individuals are usually non-

aggressive (Ward et al. 2004; but see Bell 2005 and Dingemanse et al. 2007).  

 The adaptiveness of these individual differences is puzzling. If animals that have 

different personalities respond differently to the same situation that has an optimal 

reaction norm, consistent individual variation along a behavioral axis represents a 

reduction in adaptive behavioral flexibility (Dingemanse and Réale 2004, Sih et al. 

2004a, b). Instead of being able to vary along the full length of a behavioral axis, the 

behavior of an animal is free to vary only within a limited subset of the range of 

behavioral variation of a population or species. For example, under a high predation risk, 

consistently high aggressiveness may be detrimental while low aggressiveness may be 

favored. Once predation risk decreases, highly aggressive behavior may be favored if 

these individuals outcompete the less aggressive individuals for mates, food resources 

and safe feeding sites (Quinn and Cresswell 2005). Thus, in a variable environment, 

personalities reduce behavioral plasticity and can cause an across-situation conflict (Sih 

et al. 2004a). 

 The reasons why constraints in behavioral plasticity might  be favored, why 

different behavioral phenotypes should persist in the same population, and whether and 

what traits should be correlated in personalities, are all subjects of current research (Bell 
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2007,  Bell and Sih 2007, Dingemanse et al. 2007). These questions are not trivial, 

because differences in personalities have been shown to have a large effect on the 

reproductive success of animals (Dingemanse et al. 2004, Reale et al. 2000, Smith and 

Blumstein 2008), disease susceptibility (Kolhaas et al. 1999), and survival (Dingemanse 

et al. 2004, Reale and Festa-Bianchet 2003, Bell and Sih 2007), and thus it is important to 

understand how personality traits evolve.   

The evolution and maintenance of personalities is attributed to both functional 

and proximal causes. The proximal explanation for the maintenance of reduced plasticity 

along a single axis (e.g. consistently aggressive behavior) invokes a lack of genetic 

variation (Via and Lande 1985), whereas from a functional perspective, plasticity may 

sometimes result in a suboptimal phenotype more frequently than would a static behavior 

(Bell and Sih 2007, DeWitt et al. 1998, Sih et al. 2004b). The persistence of specific trait 

combinations (e.g. consistently aggressive and bold) can also be explained from both 

proximal and functional perspectives. Trait combinations may evolve due to common 

genetic or physiological mechanisms (Ketterson and Nolan 1999). Combinations may 

also arise as a result of linkage disequilibrium created by correlational selection that 

favors combinations of specific traits over other combinations, irrespective of any 

genotypic or physiological basis (Bell 2007; Sinervo and Svensson 2002, McGlothin and 

Ketterson 2008). Finally, the presence of different personality types in the same 

population can be explained by temporally variable (Dingemanse et al. 2004, van Oers et 

al. 2005 a), habitat-dependent (Sih et al. 2004b) or frequency-dependent (Dingemanse 

and Reale 2004, Sih et al. 2004b) selection, or by directional selection that 

simultaneously favors traits that exhibit negative genetic correlation  (e.g. if boldness is 

negatively correlated with low activity and selection favors bold and non-active 

individuals at the same time)(Dingemanse and Reale 2004). 

While the functional explanations that attempt to explain the persistence of 

personalities require specific fitness effects, only a few studies have demonstrated a 

specific impact of personality on fitness (Dingemanse et al. 2004; Eaves et al. 1990; 

Reale and Festa-Bianchet 2003; Bell and Sih 2007) and equally few have demonstrated 

that animal personalities can and due evolve under different selection regimes (Bell and 

Sih 2007, Dingemanse et al. 2007). Consequently, the mechanisms through which 

different forms of selection act on individuals with different personalities are more often 

implied than demonstrated. Thus, it is very important to identify the exact fitness costs 

and benefits of having a specific personality type in order to develop a fuller 

understanding on the forces that select for particular personalities and maintain 

behavioral polymorphism in populations. 

Determining the precise fitness costs of a personality requires not only precise 

measurements of various fitness components but also precise measurements of the 

personality of an organism. Because individual differences in behavior are often assumed 

to be consistent in different contexts (but see Coleman and Wilson 1998), personalities of 

animals are often measured in one context, and the behavior of an individual in other 

contexts is inferred on the basis of this measurement. Personalities are often more easily 

measured in a controlled laboratory setting, where the differences in personalities are 

relatively unaffected by environmental variation. (Dingemanse et al. 2002, Verbeek et al. 

1994, Bell and Stamps 2004, Bell and Sih 2007; but see Reale et al. 2000, and Herborn et 
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al. 2010). However, personality studies in laboratory environments have the disadvantage 

of divorcing animals from the environment in which their personalities have evolved 

(Stamps 2003).  Thus, even though laboratory studies may be optimal for demonstration 

of consistent individual differences in any one of the personality axes – exploratory 

behavior, aggression, or boldness – these studies may tell us little about why and how 

natural selection shapes personalities unless the individual differences are investigated in 

an ecologically valid setting. 

 

 

A Case Study: The Great Tit 

The Great Tit (Parus major) has become a model species for avian personality 

research. It is a small, partially migratory passerine that nests in natural and artificial 

cavities in parklands and forests across Eurasia. Personalities of Great Tits have been 

investigated in both captive breeding programs (Carere et al. 2005, Drent et al. 2003, 

Verbeek et al. 1994) and in wild populations (Both et al. 2005; Dingemanse et al. 2002, 

2003, 2004; Dingemanse and Goede 2004). The main axes of behavior that have been 

investigated in this species include exploratory behavior (Dingemanse et al. 2002, 2004; 

Drent et al. 2003), aggressiveness (Carere et al. 2005), and risk-taking behavior (van Oers 

et al. 2004). These studies have shown that the individual differences in both exploratory 

and risk-taking behavior are heritable, and that the speed of exploration is positively 

correlated with aggressiveness and risk taking in these species (van Oers et al. 2004). 

Importantly, the individual differences in personalities of Great Tits have also been 

shown to have considerable fitness effects. Fast-exploring males that take greater risks 

when foraging are also more aggressive when mature and have been shown to survive 

better during conditions of low winter food availability (Dingemanse et al. 2004). During 

years with rich winter food resources, however, more slow-exploring males survive. 

Interestingly, for females the relationship between winter survival and personality is 

reversed (ibid.). Personalities also have an effect on the reproductive success of these 

birds, albeit the effect is more complex: disassortative pairs with respect to personalities 

produce the heaviest offspring, and females with extreme personalities (very slow or very 

fast explorers) produce more recruits in years with low food availability in winter (Both 

et al. 2005).  

 The complex fitness effects due to differences in exploratory behavior beg the 

question of how precisely exploratory behavior affects an organism‟s fitness. These 

studies measured exploratory behavior of wild individuals in an artificial laboratory 

setting, and the conclusions about the effect of exploratory behavior on fitness were 

hence based on this measurement. While laboratory-based estimates may be more 

feasible than field-based experiments, exploratory behavior is a multifaceted 

phenomenon, and to understand how selection shapes the behavioral phenotype of an 

individual we must understand what and how exactly birds explore their natural 

environment. 

 

Exploratory behavior 

Exploratory behavior arises as a result of a complex interaction between fear and 

attraction with respect to a novel situation (Greenberg and Mettke-Hofmann 2001). A 
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novelty is an object or a configuration within the environment that an individual has not 

encountered before. Novelty is an important property through which animals derive 

information about objects and their environment (ibid.), and animals usually respond to 

novelty in a specific way (Barrows 1995). These responses can be classified as either 

neophilic – responses due to attraction, curiosity and willingness to explore (Immelmann 

and Beer 1989), or neophobic – responses due to fear towards the novelty (Boissy 1995). 

Neophilia and neophobia are considered to be two independent behavioral states, hence 

an observed level of neophilia does not predict the level of neophobia and vice versa 

(Greenberg and Mettke-Hofmann 2001, Mettke-Hofmann et al. 2009). This is illustrated 

by the fact that neophilia and neophobia exhibit negative correation (more neophilic birds 

are less neophobic) in Great Tits, but are positively correlated (more neophilic are more 

neophobic) in Blue Tits (Cyanistes caeruleus)(Herborn et al. 2010). 

The extent of neophilia depends upon the value of information that the novel 

situation can provide the explorer (Renner 1990), while neophobia depends on how 

dangerous a novel situation is expected to be (Greenberg and Mettke-Hofmann 2001). 

Both the value of information and the perceived danger of novelty change from situation 

to situation and from species to species, and depend on the ecological significance of an 

object and its newness to the species (Greenberg 1983; Echeverria et al. 2006; Webster 

and Lefebre 2001; Mettke-Hofmann et al. 2005). The fact that differences in exploratory 

behavior can be found not only between species (Greenberg 1983 and 1983; Mettke-

Hoffman et al. 2005, 2009), but also among individuals (Dingemanse et al. 2002, Drent et 

al. 2003, Jones and Godin 2010, Verbeek et al. 1994), implies that the value of 

information, and thus the ecological significance of novelty, changes from  individual to 

individual. The heritability of these differences (Dingemanse et al. 2002, Drent et al. 

2003) further suggests that the differences in exploratory behavior towards the same 

object are molded by natural selection, where natural selection indirectly affects the value 

of information to each individual.  

Most experiments of exploratory behavior both in the wild and in laboratories use 

artificial never-before-seen objects, often with bright colors (e.g. Echeverria et al. 2006, 

Greenberg 1983, Mettke-Hofmann et al. 2005, Verbeek et al. 1994), or artificial open-

field environements (Dingemanse et al. 2002, Drent et al. 2003, Verbeek et al. 1994). 

These studies are motivated by the assumption that novelty is a property that is 

independent of the object or environment which is novel and thus that individuals should 

respond to novelty irrespective of the exact object or environment against which the 

response is tested (Greenberg and Mettke-Hofmann 2001). This methodology also 

reduces the chance that a bird may be habituated or otherwise environmentally biased to 

the novelty (ibid.). It is likely, however, that, particularly in species that avoid 

anthropogenized environments, birds rarely if ever encounter novel objects of the kind 

used in the laboratory experiments. Instead, the novelty in their environment (at least 

within the same season) is most probably constituted by a change in a familiar setting or 

unseen configurations of familiar environmental elements. Moreover, different objects or 

environments may contain more valuable information than others, and birds are expected 

to preferentially explore environments that provide higher benefit with respect to the cost 

of exploration. Thus, while the individual response to the novelty per se may be used to 

draw inferences about the general interaction between the bird and its environment, such 
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tests are less likely to illustrate the precise costs and benefits of exploration over time and 

space. 

The following paper describes an experiment that I together with Dr. Indrikis 

Krams conducted in Kraslava, Latvia, over the spring of 2009. Our aim was to develop 

tests that could measure ecologically relevant exploratory behavior in Great Tits in the 

wild during their breeding season. By means of these tests, we hoped to draw preliminary 

conclusions regarding the particular behavioral syndromes in our study population. 
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ABSTRACT: Personalities in animals are a ubiquitous phenomenon across a diverse array of taxa. 

However, little is known about the mechanisms that cause and maintain personalities, and fitness 

effects of personalities in the wild are more often implied rather than demonstrated. This problem 

is confounded by the fact that personalities of wild individuals are often investigated in artificial 

laboratory settings that bear unclear ecological significance to these individuals. Here we report 

the results of a preliminary study that seeks to develop a methodology to test exploratory 

behavior and boldness in Great Tits in the wild. We found short-term consistency in the speed of 

exploration and neophobia, but failed to demonstrate long-term consistency in these behaviors, 

and we discuss these results in terms of laboratory experiments. Great Tits in our study 

population showed a positive correlation between neophilia, neophobia, and female boldness. 

This behavioral syndrome is different from that found in this species in the Netherlands, and we 

propose an alternative habitat-dependent mechanism for the origin of the observed pattern. 

 

KEY WORDS: personalities, behavioral syndromes, consistency, exploratory behavior, selection 

 

 

INTRODUCTION 

 

Recent studies have demonstrated that consistent individual differences in behavior are a 

widespread phenomenon in a variety of taxa, including arachnids (Johnson and Sih 

2005), fish (Bell 2005), birds (Dingemanse et al. 2000), and mammals (Réale et al. 2000). 

These differences, also referred to as “personalities”, have been demonstrated along 

many axes of behavior (see Réale et al. 2007 for definitions of behavioral axes), 

including the fearfulness/boldness continuum (Bell 2005, Réale et al. 2000), 

coyness/aggressiveness continuum (Johnson and Sih 2005, van Oers et al. 2004), 

exploration (Dingemanse et al. 2002, Drent et al. 2003), and sociability (Mills and Faure 

2000). Individual differences in a single behavior may extend over different contexts, 

such as exploratory behavior when predators are present vs. absent (Stamps 2007, Wilson 

1998), and may be correlated with other behavioral axes (Bell 2007, Sih et al. 2004a, b). 

For example, very bold individuals are often also very aggressive, whereas shy 

individuals are usually non-aggressive (Ward et al. 2004; but see Bell 2005 and 

Dingemanse et al. 2007).  

Adaptive explanations for the prevalence of personalities invoke direct fitness 

effects that allow selection to shape and maintain personality in populations. To date, 

only a few studies have supported functional mechanisms by demonstrating such fitness 

effects (e.g. Bell and Sih 2007, Dingemanse et al. 2004, Eaves et al. 1990, Réale and 

Festa-Bianchet 2003). Consequently, the mechanisms through which selection acts on 

individuals with different personalities are often implied rather than demonstrated. Thus 
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it is very important to identify the exact fitness costs and benefits of having a specific 

personality type. 

The Great Tit (Parus major) is a model species for avian personality research. 

Personalities of Great Tits have been investigated both in captive breeding programs 

(Carere et al. 2005, Drent et al. 2003, Verbeek et al. 1994) and in wild populations (Both 

et al. 2005; Dingemanse et al. 2002, 2004; Dingemanse and Goede 2005). These studies 

have demonstrated that individual differences in exploratory behavior and boldness are 

heritable, and that in these species the speed of exploration is positively correlated with 

aggressiveness and risk taking. Importantly, the personalities of Great Tits have been 

shown to have considerable, albeit complex, effects on survival, offspring quality, and 

reproductive success in the wild (Both et al. 2005, Dingemanse et al. 2004). In these 

studies, exploratory behavior of wild individuals was tested in laboratory conditions 

using a variant of the open-field test (see Dingemanse et al. 2002). 

Exploratory behavior arises as a result of a complex interaction between fear 

(neophobia) and attraction (neophilia) to a novel situation or object (Greenberg and 

Mettke-Hofmann 2001). The extent of neophilic exploration depends on the value of 

information intrinsic to the novelty of the situation (Renner 1990), whereas neophobia 

depends on how dangerous the novel situation is expected to be (Greenberg and Mettke-

Hofmann 2001). Both the value of information and the perceived danger are specific to 

every object or situation and depend on the ecological significance of the novelty 

(Mettke-Hofmann et al. 2005). Neophilia and neophobia are considered to be two 

independent behavioral states, hence an observed level of neophilia does not predict the 

level of neophobia and vice versa (Greenberg and Mettke-Hofmann 2001, Mettke-

Hofmann et al. 2009). This is illustrated by the fact that neophilia and neophobia exhibit 

a negative correation (more neophilic birds are less neophobic) in Great Tits, but are 

positively correlated (more neophilic are more neophobic) in Blue Tits (Cyanistes 

caeruleus)(Herborn et al. 2010). 

Most of the studies focusing on exploratory behavior are conducted in 

laboratories (Dingemanse et al. 2002, Drent et al. 2003, Mettke-Hofmann et al. 2005, 

Verbeek et al. 1994). Because individual differences in behavior are often assumed to be 

consistent over different contexts (but see Coleman and Wilson 1998 for a contrasting 

view), individual consistency in behavior in captive laboratory conditions is often 

extrapolated onto an ecological situation where the fitness effects of different personality 

types are inferred (e.g. Dingemanse et al. 2004, Bell and Sih 2007). Although more 

feasible than field experiments, personality studies in laboratory environments have the 

disadvantage of divorcing animals from the environment in which their personalities have 

evolved (Stamps 2007). Thus any conclusions about the fitness effects of personalities 

measured in the laboratory on fitness in the wild should be considered with caution.  

Exploratory behavior both in the wild and in laboratories is often investigated 

using artificial never-before-seen objects, often in bright color (Echeverria et al. 2006, 

Greenberg 1983, Mettke-Hofmann et al. 2005, Verbeek et al. 1994) or artificial novel 

environments (Dingemanse et al. 2002, Drent et al. 2003, Verbeek et al. 1994). It is 

likely, however, that, particularly in species that avoid anthropogenized environments, 

birds rarely if ever encounter novel objects of such kind. Instead, the novelty in their 



8 

 

environment (at least within the same season) is most probably constituted by a change in 

familiar setting or unseen configurations of familiar environmental elements.  

To better understand what birds explore in their environment and to determine 

whether they show ecologically relevant consistency in exploratory behavior, we 

attempted to develop tests that could measure the exploratory behavior in Great Tits in 

the wild during their breeding season. We devised two techniques for this purpose. First, 

we used a maze-like structure that allowed birds to enter their nestbox from one side 

only. After birds had habituated to the maze, we changed the configuration of the maze 

(change in a familiar environment) and measured the time birds spent exploring the 

change. Second, we attached an extra nestbox next to the pair‟s occupied nestbox and 

measured neophilic response of birds to the addition of this familiar object. To further 

characterize exploratory behavior of birds, we investigated neophobic response towards 

the maze and the extra nestbox. We also measured female boldness during nestbox 

checking procedure during incubation which allowed us to draw preliminary conclusions 

about behavioral syndromes in this Great Tit population. 

 

METHODS 

 

We conducted our study in a heterogeneous woodland in southeastern Latvia (55
o
51‟N 

27
o
13‟E) from April 16 through June 29, 2009. Most of the 9 km

2
 study area is covered 

by Scots Pine (Pinus sylverstris) forest with little understorey. The study area 

accommodated 209 wooden nestboxes attached to trees at a height of approximately 

1.5m. All nestboxes were checked for eggs and incubating females bi-weekly from May 

11 through May 24 by inserting a dentist‟s mirror through the entrance of the nestbox. 

We tested inter-individual variation and individual consistency in various 

components of exploratory behavior using a simple maze-like structure made of soft 

metal wire that was attached to the entrance of each bird‟s nestbox during the offspring 

provisioning phase. The maze allowed birds to enter the nestbox in only one way – 

through the front, bottom, or the right side of the maze. We habituated birds to a front-

open (further as FO1) maze for 2 h, and recorded their behavior towards it for the first 45 

min (figure 1a, b). After 2 h we changed the configuration of the maze by closing the 

habituated front side and opening up the bottom side (further as BO configuration) to 

create a novel situation, and observed birds‟ responses to this configuration for 45 

minutes (figure 1a, c). The behavior of birds was recorded using a video-camera (Canon 

MV890, Sony DCR-TRV265E, or Samsung VP-MX10) mounted on a stand 3m away 

from the nestbox.  Birds did not appear to react to the presence of the camera. We 

remained at a distance of 30 m from the nestbox for 45 min, hidden under a large natural-

green raincoat to record the behavior of birds outside the camera‟s field of view. 

Manipulations were carried out between 0700 to 1700 hrs when the chicks had reached 

age of 5-8 days. We repeated the manipulation at each nestbox when nestlings had 

reached the age of 11-14 days (figure 1d). To ensure that birds reacted to a novel 

stimulus, during the second manipulation we exposed birds to the familiar front-open 

(FO2) setup, which was then changed to the novel side-open (SO) setup as opposed to the 

already familiar BO setup.  
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In examining the effects of the manipulation of the maze, we used the time birds spent 

perched on the maze before entering the nestbox for the first time after the appearance or 

change in the maze as a measure of the speed of exploration. The time taken to explore a 

set number of novel objects is a common measure used to characterize  exploratory 

behavior, and it has been shown to be repeatable and heritable (Drent et al. 2003). 

Although the speed of exploration does not directly measure neophilia or neophobia, it is 

a behavior which likely results from the interaction of both of these drives. The number 

of times birds flew away from the nestbox before they had entered it for the first time 

added to the number of times birds approached the nestbox but did not land on it was 

used as a measure of neophobia. We included in the analysis the responses of birds to the 

FO1, BO, and SO maze configurations, but excluded birds‟ responses to the FO2 from 

analysis because birds might have habituated to this maze setup during the first 

manipulation.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
FIGURE 1: Manipulations with maze: a) the first manipulation – front-open maze is presented for two hours 

after which the maze is modified to a bottom-open configuration. The nestbox is represented in light 

brown, maze in gray, and entrance in black. The solid blue arrow indicates the open side of the maze, and 

the empty blue arrow indicates the change in configuration; b) Great Tit exploring the front-open maze; c) 

Great Tit exiting through the bottom-open maze; d) the second manipulation 3-5 days later – front open 

maze is presented for two hours after which the maze is modified to a side-open configuration. 
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FO1 configuration BO configuration 

FO2 configuration SO configuration 
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We attached an extra nestbox (ENB) beside the pair‟s original nestbox (at either 

the right or the left side of it on the same tree) to investigate neophilia (figure 2). The 

ENB was of the same general type as the birds‟ own nestbox and was presented to birds 

only once, either when their young were 2-8 or 12-18 days old (the most frequent ages 

being 5-7 and 13-17) between 0800 and 1700 hrs. The presentation lasted 30-60min, 

depending on the number of visits that the parents made to the occupied nestbox. We 

recorded the behavior of the pair at the nestbox using a video-camera (see above) placed 

on a stand 5m away. We remained at a distance of 30m from the nestbox for 45min, 

hidden under large natural-green raincoat to record the behavior of birds outside camera‟s 

field of view.   

We scored neophilia as the ith visit to the nest during which the parent first landed 

on the ENB. We also estimated the level of neophobia by noting whether birds showed 

latency to approach their nest when they first arrived in the vicinity after the placement of 

ENB. Since only few birds showed observable adverse reaction to ENB, we expressed 

neophobia as a binomial (neophobic or not) variable to maximize the number of 

observations per category. The ENB manipulation was initially designed to test for 

differences in exploratory behavior due to chick age, but since chick age did not have an 

effect on either neophilia (Spearman rank, r= 0.2455, 38 d.f., p=0.0865) or neophobia (U-

test, U=190.5, 1 d.f., p=0.4715) scores, we treated all scores equally, irrespective of their 

initial assignment to different chick age classes. 

 
 

 

 
 

FIGURE 2: Extra nestbox: the extra nestbox (blue circle, facing left) was located next to the focal pair‟s 

nestbox (red circle, facing camera). 
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We determined the boldness of female birds during the incubation period by 

noting their response to a dentist‟s mirror that was used in checking the occupancy of 

nestboxes. The mirror was slowly inserted in the nestbox through the opening, and a 

flashlight was used to illuminate the contents of the nest. Females either remained silent 

or emitted snake-like hissing sounds accompanied by beating of wings against the walls 

of the nestbox, and their boldness behavior was categorized as a bionomial hiss/no-hiss 

score. 

 None of the measures of exploratory behavior were normally distributed, 

therefore we used the appropriate non-parametric tests to investigate the relationships 

between the behavioral variables and environmental covariates. Confidence intervals for 

Spearman rank correlation coefficients were calculated using Fisher z transformation (Zar 

1998). In cases with continuous non-normally distributed independent and categorical 

dependent variable, we used the Mann-Whitney U-test. Because of our inability to 

conduct parametric tests on covariate effects as well as the large number of behavioral 

variables, the number (N=55) of non-parametrical statistical tests conducted in this study 

is large, thus approximately 2.75 tests are expected to yield falsely significant results by 

chance under α=0.05. However, because this study seeks to i) develop possible methods 

for personality research in the wild and ii) suggest rather than establish definite 

behavioral correlations on birds in the wild, we feel that any false-positive results will 

serve to generate interesting hypotheses rather than mislead the current understanding of 

personalities in Great Tits.  

 

RESULTS 

 

The effect of covariates. The speed of exploratory behavior on maze as well as neophilia 

towards ENB were not significantly affected by the date of measurement, chick number 

and age during the experiment, or by the sex of the individual (table 1). Similarly, the 

date of measurement, chick number and age during the experiment, and sex of the 

individual did not significantly affect the neophobic responses to maze and ENB (table 

1). Female hissing behavior was not affected by the date of measurement or the stage of 

incubation (table 1). 

 

Consistency in behaviors 

Speed of exploration. Birds spent 0 to 48 s (median of 6 s) exploring the FO1, 0 to 

55s (6s) exploring BO, and 0 to 44 s (4 s) exploring SO maze configurations. There was a 

significant positive correlation between speed of exploration of the maze after it first 

appeared (FO1) and to the change in maze setup (BO)(figure 3. One-tailed Spearman 

rank: r (95%C.L.)=0.3059 (-0.0524, 0.5944), 31 d.f. p=0.0416. One individual was 

excluded from analysis as an outlier due to a highly adverse reaction to the maze). The 

correlation between the length of exploration to the BO and SO setups, however, was not 

significant (One-tailed Spearman rank, r=0.2527 (-0.1366, 0.5744), 27 d.f., p=0.0925). 

Consistency of neophobia. Birds flew away from the nestbox 0-5 times (median 

of 1) before entering the nestbox through FO1 maze setup, but exhibited lower neophobia 

during the BO (range 0-2, median 0) and SO (range 0-4, median 0) setups. The decrease  
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TABLE 1. The effect of covariates on behavioral variables 

 

  Date2 Incubation stage2 Number of chicks2 Age of Chicks2 Sex3 

 Spearman r p 

Mann-

Whitney U p Spearman r p Spearman r p 

Mann- 

Whitney U p 

FO1speed1  0.07 0.68 N.A. N.A. -0.28 0.11 0.12 0.47 219.50 0.40 

FO neophobia2 -0.12 0.55 N.A. N.A. 0.08 0.70 0.32 0.09 230.00 0.56 

BO speed1 -0.29 0.08 N.A. N.A. 0.00 1.00 0.12 0.47 186.50 0.62 

BO neophobia2 -0.24 0.20 N.A. N.A. 0.25 0.18 0.17 0.37 180.00 0.79 

SO speed1 0.27 0.13 N.A. N.A. -0.17 0.38 0.21 0.25 158.00 0.26 

SO neophobia2 0.12 0.51 N.A. N.A. -0.02 0.93 -0.02 0.91 154.50 0.32 

ENB neophilia2 0.11 0.46 N.A. N.A. 0.05 0.77 0.25 0.09 289.00 0.68 

           

 

Mann-

Whitney U p   

Mann-

Whitney U p 

Mann-

Whitney U p Fisher's exact p 

ENB neophobia3 177.50 0.31 N.A. N.A. 107.00 0.35 190.50 0.47                         0.51 

Female hissing3 455 0.43 403.5 0.82 N.A. N.A. N.A. N.A. N.A. N.A. 
1Continuos non-parametric, 2Categorical, 3Binomial. N.A. = not applicable. *All p-values are two-tailed 

 

between neophobia following the FO1 setup was significant (Two-tailed KW: H=16.95, 2 

d.f., p=0.0002; A post-hoc LSD comparison indicated significant difference in mean 

ranks between FO1 and BO (26.9634) that exceed the Least Significant Difference 

(17.4426) required for statistical  significance. We found a significant positive correlation 

between the neophobic response to the FO1 and BO setups (figure 4. One-tailed 

Spearman rank; r=0.3777 (0.0461, 0.6343), 34 d.f., p=0.0115). although there was no 

correlation between the neophobia response to BO and SO setups (One-tailed Spearman 

rank, r=0.0308 (-0.3369, 0.3903), 29 d.f., p=0.4331). Birds that showed adverse reaction 

to ENB (12 out of 49), also exhibited higher neophobia against the maze (One tailed U-

test; n1=25, n2=9, U=0.0059, 1 d.f., p= 0.0127). 

Female boldness. Twenty-seven out of 38 females did not hiss during the first 

encounter with the researcher compared to 16 out of 29 at the second encounter. Twenty-

two out of 29 females were consistent in their response in the two occasions, and there 

was a significant positive association between the first and second hissing response 

(Fisher‟s exact test: n=29, p=0.01). 

 

Behavioral correlations 

Neophilia and the speed of exploration. Twenty five out of 57 birds did not visit 

the ENB at all, but birds that visited the ENB did so for the first time on their 1
st
 to 11

th
 

feeding visit (median – 2
nd

). Eight out of 25 birds visited the ENB more than once. The 

propensity of birds to explore ENB did not exhibit significant correlation with the speed 

of exploration of the change in maze configuration (BO) (Two-tailed Spearman rank 

correlation: r= -0.2678 (-0.5756, 0.1065), 29 d.f., p=0.1444).  

Neophobia and the speed of exploration. Neophobic response to FO1 maze setup 

did not show significant correlation with the speed of exploration of either the FO1 (Two- 
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tailed Spearman rank, r=0.1888 (-0.1588, 0.4948), 36 d.f., p=0.2706) or BO maze setups 

(Two-tailed Spearman rank, r=0.0762 (-0.2785, 0.4126), 32 d.f., p=0.6701). The speed of 

exploration of the BO maze configuration was not significantly different between birds 

that did or did not show adverse reaction to ENB (Two-tailed U-test, n1=27, n2=7, U=67, 

1.d.f., p=0.4354). 

Neophilia and neophobia. The propensity to explore ENB was higher in birds that 

showed adverse reaction to it (figure 5. Two-tailed U-test, n1=37, n2=10, U=276.5, 1 d.f., 

0.0178). The propensity to explore ENB was also positively correlated with neophobia 

against the FO1 maze setup (figure 6. Two-tailed Spearman rank, r=0.3468 (-0.0006, 

0.6195), 32 d.f., p=0.0447). 
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FIGURE 4: Consistency in neophobia between FO1 and BO maze setups 
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FIGURE 3: Individual consistency in speed of exploration between FO1 and BO maze setups 
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Figure 5: Difference in ENB neophilia between 

birds that did or did not show adverse reaction to 

ENB. 
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Figure 6: Correlation between FO1 neophobia 

and ENB neophilia. Overlapping points jittered to 

show relationship 
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Figure 7: Correlation between hissing and ENB 

neophilia. Overlapping points jittered to show 

relationship 
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Figure 8: Correlation between FO1 neophobia 

and hissing Score. Overlapping points jittered to 

show relationship 
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Boldness and exploratory behavior. Hissing scores exhibited a significant positive 

correlation with the propensity to explore ENB (figure 7. Two-tailed Spearman rank: 

r=0.5613 (0.1132, 0.8197), 16 d.f., p=0.0155). However, the hissing score did not show 

any correlation with the speed of exploration of the bottom-open setup (Two-tailed 

Spearman rank: r=0.3412 (-0.3435, 0.7890), 11 d.f., p=0.2553). We could not calculate 

the association between the hissing score and the neophobia towards ENB, but the hissing 

score correlated positively with the neophobia agianst FO1 maze setup (figure 8. Two-

tailed Spearman rank; r=0.6303 (0.1580, 0.8579), 13 d.f., p=0.0117).  

 

 

 

DISCUSSION 

 

Consistency in behaviors. Great Tits in our study population showed some consistency in 

their speed of exploration, neophobia, and female boldness. Neophobia was consistent 

between the first two maze trials separated by a two-hour interval but did not show 

consistency between the 2
nd

 and 3
rd

 trial which were separated by three days. However, 

birds that showed neophobia towards the maze also showed neophobia towards the ENB. 

The lack of consistency of neophobia between the 2
nd

 and 3
rd

 maze trials could be 

explained by the habituation to the maze, demonstrated by a significant decrease in 

neophobic response following the 1
st
 trial. Similarly to estimates of neophobia, speed of 

exploration was consistent between the first two maze trials but did not show consistency 

between the 2
nd

 and 3
rd

 trial. The lack of consistency in the speed of exploration over a 

longer time interval does not appear to be explained by habituation, because the time 

spent exploring the maze was not significantly different between the FO1, BO, or SO 

maze setups (Two-tailed KW: H=3.17, 2 d.f., p= 0.2049). 

The lack of consistency in the speed of exploration can be interpreted in three 

mutually inclusive ways. First, our measure of the speed of exploration may focus on a 

behavior that varies randomly and does not contribute significantly to the actual speed of 

exploration. Second, during the breeding season Great Tits may pay little attention to 

novel objects or changes in the environment that do not directly affect their breeding 

performance. The appearance of the maze or changes in the maze configuration may 

represent too weak a stimulus to invoke exploratory activity, in which case the 

inconsistency observed over longer time interval could arise as a result of a random 

variation in a weak response. Indeed, even the presumably biologically relevant extra 

nestbox was not a sufficient stimulus for exploratory behavior for 44% of the birds. 

Thirdly, stochastic factors, such as chick or adult hunger level, food availability, and 

predator presence/absence, could introduce a large degree of variation in a behavior that 

otherwise may be highly consistent. 

Even though we cannot directly evaluate any of these hypotheses, we believe that 

the latter two are important to consider in light of laboratory experiments on exploratory 

behavior. If birds pay little attention to novelty that is ecologically irrelevant, consistency 

in exploratory behavior towards artificial objects in insulated laboratory settings may not 

extend to situations in the wild where the trade-offs between exploration and breeding 

performance may render exploratory behavior towards artificial objects unprofitable. For 
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a wild animal, a rubber toy in the wild may not be nearly as interesting as it might be in 

the laboratory. While the lack of exploration of a rubber toy in the wild is not necessarily 

a problem, the issue warrants consideration because consistent individual differences in 

exploratory behavior towards ecologically novel objects in the laboratory is often 

assumed to reflect consistent individual differences in exploratory behavior in 

ecologically relevant novel situations in the wild. While such a relationship is likely, it 

may not necessarily reflect reality. Multiple studies (e.g. Coleman and Wilson 1998, van 

Oers et al. 2005b) have shown that personality differences can be context specific – 

individuals may show consistent individual differences in a specific behavior in different 

contexts, but these differences may not be correlated across contexts. Ecologically 

irrelevant objects are contextually different from ecologically relevant objects, and hence 

consistency of behavior demonstrated in laboratory conditions with artificial objects may 

not be a reliable indicator of consistency in ecologically relevant exploratory behavior.  

 

Behavioral syndromes. In our study, highly neophobic birds were more neophilic and, in 

the case of females, were also bolder. The speed of exploration failed to show a 

significant relationship with other behavioral variables. These results suggest that Great 

Tits in southeastern Latvia exhibit a behavioral syndrome where neophobia, neophilia, 

and female boldness are positively correlated. These results contrast with findings from 

the Netherlands, where more neophobic Great Tits are less neophilic and less bold (van 

Oers et al. 2005).  

A negative correlation between neophilia and neophobia usually characterizes the 

so-called proactive-reactive behavioral axis, and animals whose behavior falls along this 

axis have been demonstrated in multiple species (e.g. Dingemanse et al. 2007, Koolhas et 

al. 1999, Quinn and Cresswell 2005).  Proactive individuals are highly neophilic 

(Verbeek et al. 1994), explore their environments rapidly and superficially (ibid.), form 

strong routines (Machetti and Drent 2000), as adults are more aggressive and dominate 

over reactive individuals, take more risks (van Oers et al. 2004), and are bolder towards 

predators (Hollander et al. 2007). The proactive-reactive behavioral axis, however, is by 

no means universal. Blue Tits (Cyanistes caeruleus), for example, have been shown to 

exhibit a positive correlation between neophobia and neophilia, the type of syndrome 

demonstrated in our study (Herborn et al. 2010). 

It is important to note that in our study, neophilia of birds was measured with 

respect to an object that carries a specific environmental significance. The extra nestbox 

signifies a possible place to lay a second clutch and/or seek shelter. Having raised the 

issue of context specificity, we acknowledge that if the ENB was explored as a result of 

its specific environmental significance, birds in our study may have exhibited context-

specific exploratory behavior towards the ENB which does not necessarily correlate with 

exploratory behavior towards other objects or situations.  

Another important issue with our results is the qualitative definition of the 

neophobic response towards the ENB. Both the adverse behavior towards the ENB, as 

well as the hesitation with respect to the maze, can be conceived as being an expression 

of an unwillingness to cope with a change of proactive individuals who refused to accept 

the presence of either the ENB or maze. Proactive individuals have been shown to form 

stronger routines and thus adapt slower to an environmental change (Machetti and Drent 



17 

 

2000). This interpretation of Great Tit behavior conceives the adversity and hesitancy not 

as neophobia but as a component of the proactive individual behavior suite and identifies 

a positive correlation between proactivity and boldness – a behavioral syndrome that 

mirrors the one found in the Netherlands. Future field experiments with individuals of 

known behavioral type are necessary to investigate precisely how proactive and reactive 

individuals respond to changes in their own environment. In the following discussion we 

interpret this behavior in Great Tits as neophobia, since we think that the behavioral 

pattern of our study individuals is more likely to be an outcome of a conflict between 

neophilic and neophobic drives, rather than being an expression of an unwillingness to 

cope with change. 

If our study accurately defines neophobia, neophilia, and boldness, we can 

conclude that the behavioral syndromes of Great Tits are mutable and different 

populations may possess different behavioral syndromes. A similar phenomenon has 

been demonstrated in sticklebacks (Dingemanse et al. 2007) where behavioral syndromes 

varied between populations, presumably as a result of different predation regimes. The 

persistence of Great Tit personality types in the Netherlands has been attributed to the 

periodic masting of the European Beech (Fagus sylvatica). Winters with poor beech seed 

availability favor the survival of proactive individuals, whereas winters with rich food 

resources favor the survival of reactive individuals. Hence, the different personality types 

in the Netherlands are hypothesized to be partly maintained by fluctuating selection 

resulting from periodic changes in winter seed availability. The northernmost border of 

the range of European Beach to the east of the Baltic Sea is Lithuania (von Wuehlisch 

2008), and if the behavioral syndrome found in our population is genuine and is 

maintained by natural selection, different mechanisms of personality maintenance must 

operate in our study population. The maintenance of behavioral syndromes in a 

population under fluctuating selection need not involve mechanisms that favor each 

behavior separately – the behavior correlation may simple be a result of proximal 

mechanisms, e.g. a shared physiological basis (Ketterson and Nolan 1999). However, if 

syndromes differ between populations, the particular correlations of behaviors are more 

likely to be created by evolutionary forces, such as natural selection or genetic drift 

(Dingemanse et al. 2007). 

Studies that have found differences in behavioral syndromes between populations 

(Bell 2005, Dingemanse et al. 2007) invoke the differential predator pressure as the 

selective pressure responsible for the behavioral correlations in prey individuals. 

Potential predators of Great Tits in southeastern Latvia include the European Pine Marten 

(Martes martes), Least Weasel (Mustela nivialis), semi-feral Domestic Cat (Felis catus), 

Sparrow Hawk (Accipiter nisus), Pygmy Owl (Glaucidium passerinum), and Great 

Spotted Woodpecker (Dendrocopos major). With the exception of Pygmy Owl, the 

ranges of all of these predators extend to the Netherlands. It is possible, however, that the 

densities of these predators are different between the Netherlands and Latvia, although at 

the present we have no data to support this guess.  

Our study population inhabits a forest with interspersed community garden 

patches associated with the nearby town of Kraslava on the west side of the study area. 

The eastern side of the study area is bordered with an expansive forest that contained 

only a few human settlements, some agricultural land, and abandoned fields. We 
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hypothesize that the behavioral correlation of Great Tits in our study population might 

arise as a result of different selective pressures in the urbanized environment, as opposed 

to relatively undisturbed forest habitat. Human habitation, such as summer gardens, 

presents novel feeding opportunities (e.g. bird feeders). Neophilia in such environments 

enables birds to exploit new resources, hence high neophilia is advantageous. Any 

situation with which a bird is not familiar, however, is potentially dangerous, because the 

hiding place or the direction of approach of a predator, such as the ambush predator 

Domestic Cat, cannot be predicted as easily as in a familiar setting. Hence, higher 

neophobia in these environments may be advantageous, since would increase the 

awareness of a bird to possible risks. Conversely, an expansive forested habitat may not 

present as many novel feeding opportunities, and the cat density in this habitat may be 

much reduced, resulting in a reduced adaptive significance of neophilia as well as 

neophobia. Therefore, the effect of potentially contrasting selective regimes in our study 

area may select for different behavioral types that, when considered together, create a 

positive correlation between neophobia and neophilia. The positive correlation of female 

boldness with neophilia and neophobia may result from increased benefits of advertising 

the presence of predators in human habitations, which may result in predator vacation the 

area of clumped resources, such as a feeder. In the forest, food may be distributed more 

evenly, especially in the relatively safe upper parts of the canopy (Krams 1996), therefore 

high boldness may be disadvantageous as it may attract more predators than it defers. 

While our adaptive explanation for the behavioral syndrome in our population 

should be perceived as an educated guess, it is important to evaluate different adaptive 

mechanisms for Great Tit personality maintenance in different populations, such as in 

Latvia where European Beech is not present. With habitat-dependent selective forces 

hypothesized as being a common mechanism for the maintenance of fish behavioral 

syndromes (Bell 2005, Bell and Sih 2007, Dingemanse et al. 2007), it may be useful to 

consider habitat-dependent selective pressures in the case of Great Tits as well, as we 

have done here.  

 

CONCLUSION 

 

Our results demonstrate short-term consistency in the speed of exploration and neophobia 

on a maze, but fail to demonstrate long-term consistency in this behavior. These findings 

raise the issue of the context-specificity of exploratory behavior, and we advocate for 

studies that explore the relationship between laboratory-based and field-based 

measurements (such as Herborn et al. 2010), and which address the issue of context 

specificity of exploratory and other behaviors. Our findings also suggest that Great Tit 

behavioral syndromes may differ between southeastern Latvia and the Netherlands. If 

genuine, this difference may reflect different selective pressures acting on these 

populations, with fluctuating selection acting on the Netherlands populations and possible 

habitat-dependent selection acting on the Latvian population. Studies that investigate 

Great Tit personalities outside the range of the European Beech may provide us with a 

better understanding of the types of selective pressures that are responsible for the 

maintenance of personalities across Europe.  
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