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There is increasing evidence that animal personality can affect many aspects of an individual’s 

behaviour, life history and fitness. However, there have been few studies about the link between 

personality and social organization in the context of wild mammals in their own natural 

environments. This article reports on ecologically relevant data, linking experimental data from 

the wild to long-term social association data in a socially and cognitively complex mammal 

species (bottlenose dolphin, Tursiops truncatus). Here, I used behavioural data to describe 

personality differences between bottlenose dolphins and social network analysis to assess the 

relationship between personality and social structure. First, I measured the reaction of photo-

identified individuals over time and across contexts as a trade-off between a novelty-seeking 

behaviour (boldness) and a novelty-averse behaviour (shyness). Second, I applied social network 

analysis to understand the link between the observed shy–bold continuum and social organization, 

while controlling for other factors that could contribute to affiliation. This study presents for the 

first time consistent individual differences in behavioural response to novelty, as a proxy for the 

shy–bold continuum, in wild bottlenose dolphins. Bold individuals had a central role in the social 

network with stronger associations than shy individuals, suggesting that bold individuals may 

play an important role in group cohesion, group stability and the spread of information through 

the network. Together, these findings provide insights into how a social network is structured by 

personality in wild bottlenose dolphins, with potential fitness consequences. Furthermore, this 

study provides additional evidence of the existence of social personalities in nonhuman animals 

and contributes to the understanding of the role of personality in determining the extent to which 

mammals associate with others.  
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INTRODUCTION  

Social animals interact with one another to maintain 

cohesion and harmony among the group members, 

thus facilitating the survival and fitness of 

participants (Alexander, 1974). Elucidating the 

mechanisms underlying social organization is 

critically important as social structure determines 

the development of relationships between group 

members (Massen & Koski, 2014) and has 

implications for the transmission of genes (Wolf & 

Trillmich, 2008), pathogens (Rushmore et al., 2013) 

and information between individuals (Croft et al., 

2005; Mann et al., 2012; Farine, Aplin, Sheldon, & 

Hoppitt, 2015). Social network analysis has 

received growing attention in behavioural ecology 

facilitating the study of animal social behaviour 

(Wey et al., 2008; Farine & Whitehead, 2015; 

Hasenjager & Dugatkin, 2015). In parallel to this, 

behavioural ecologists have turned their attention to 

questions that address the links between social 

organization and individual association choices, to 

better understand the patterns and processes of 

associations (Croft et al., 2005; Aplin et al., 2013; 

Carter et al., 2013). 

 

There is a growing body of research in nonhuman 

animals that evidences individual variation in 

personality or behavioural syndromes within a 

population as consistent individual differences in 

behaviour over time and across contexts (Gosling & 

John, 1999; Dall et al., 2004; Sih et al., 2004; Réale 

et al., 2007, 2010; Carter et al., 2013; Vonk et al., 

2017). Such differences, present in a wide range of 

animal species, involve different personality 

phenotypes with a genetic basis (Sih et al., 2004; 

Duckworth, 2010; Réale et al., 2010). Personality 

can affect many aspects of the behaviour, life 

history and fitness of an individual (Gosling & 

John, 1999; Smith & Blumstein, 2008; Carter et al., 

2013), for example survival (Dingemanse et al., 

2004; Boon et al., 2008; Niemelä et al., 2015), 

individual reproductive success (Wilson et al., 

2010), dispersal capacity (Dingemanse et al., 2003; 

Cote et al., 2010) or divergence in habitat use (Boon 

et al., 2008; Aplin et al., 2014; Schirmer et al., 

2019). In addition, personality has also been related 

to interspecific interactions and social structure 

(Croft et al., 2009; Krause et al., 2010; Webster & 

Ward, 2011; Aplin et al., 2013; Hasenjager & 

Dugatkin, 2015).  

 

Empirical and theoretical studies have described 

individual variation in personality using a 

continuum with two extremes represented as 
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tendencies (Réale et al., 2007, 2010). The shy–bold 

continuum is one of the best studied personality 

axes in animals and it is frequently associated with 

responses to novel, risky or challenging situations 

(Gosling & John, 1999; Sih et al., 2004; Réale et al., 

2007). For example, individuals that are considered 

to be ‘shy’ are less likely to approach a novel object 

or to investigate a potential predator than ‘bold’ 

individuals (e.g. Boon et al., 2008; Croft et al., 

2009; Aplin et al., 2013). Variation along the shy–

bold continuum has been related to ecologically 

relevant aspects of animal behaviour across a range 

of contexts and has also been investigated in a social 

setting (Webster & Ward, 2011). This variation in 

personality has indeed been linked to differences in 

social interactions with group members. For 

example, in wild songbirds (great tits, Parus 

major), shy individuals form stronger and more 

stable relationships than bold individuals (Aplin et 

al., 2013). Similar results were also found in captive 

fish (sticklebacks, Gasterosteus aculeatus) with shy 

individuals preferring to associate strongly with 

fewer individuals (Pike et al., 2008). Homophily 

based on personality traits was observed in wild fish 

(Trinidadian guppies, Poecilia reticulata) (Croft et 

al., 2009) and in captive mammals (chimpanzees, 

Pan troglodytes; Massen & Koski, 2014), where 

individuals were more likely to be found in 

association with individuals of the same 

personality. As the mere presence of individual 

differences in personality could drive individual 

fitness and reproductive success, having broad 

evolutionary and ecological consequences (Sih et 

al., 2004; Réale et al., 2010; Wolf & Weissing, 

2012), it is crucial to increase our knowledge about 

the social aspects of personality in wild populations.  

 

The current study examined for the first time the 

relationship between personality and social 

organization in free-ranging wild bottlenose 

dolphins, Tursiops truncatus. Bottlenose dolphins 

are highly social mammals and represent an ideal 

model to study the role of personality in social 

contexts. They live in highly complex social 

systems characterized by fission–fusion dynamics 

(Connor et al., 2000). This species exhibits 

interindividual specific association preferences 

(e.g. male alliances: Connor et al. 2000; female kin: 

Möller et al., 2006; feeding associates: Díaz López 

& Shirai, 2008; Mann et al., 2012; Methion & Díaz 

López 2020; sex- and age-related bonds: Lusseau & 

Newman, 2004) and a very rich behavioural 

repertoire (Connor et al., 2000). Previous work on 

captive bottlenose dolphins confirmed the existence 
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of a shy–bold continuum through differences in 

response to novel stimuli (Frick et al., 2017); 

however, this continuum has never been 

investigated in wild bottlenose dolphins. This a 

significant gap to address, as personality could be 

related to aspects of daily life of wild bottlenose 

dolphins (e.g. individual behaviour, social 

organization) and therefore their fitness and 

reproductive success. 

 

In this study, I used behavioural data to describe 

personality differences between wild bottlenose 

dolphins and social network analysis to assess the 

influence of personality on social structure. First, I 

measured the response to novelty as a proxy for the 

shy–bold continuum. This was possible by 

repeatedly measuring the reaction of photo-

identified individuals over time and across contexts 

as a trade-off between a novelty-seeking behaviour 

(boldness) and a novelty-averse behaviour 

(shyness). Second, I applied social network analysis 

to understand the link between the observed shy–

bold continuum and social organization, while 

controlling for other factors that could contribute to 

affiliation. This was possible by using the multiple 

regression quadratic assignment procedure 

(MRQAP, Croft et al., 2011), calculating 

generalized affiliation indices (GAIs, Whitehead & 

James, 2015) and using null models for robust 

hypothesis testing (Farine, 2017). Based on 

previous observations on highly social mammals 

(e.g. humans: Costa & McCrae, 1992; chimpanzees: 

Massen & Koski, 2014), where boldness has been 

related to sociability, I expected that bold bottlenose 

dolphins would be more likely to associate with 

other individuals than shy ones. I present a novel 

study to contribute to the understanding of the role 

of personality in determining the extent to which 

wild mammals within a fission–fusion society 

associate with others.  

 

METHODS 

Study population and site 

Data were obtained from a long-term study of a 

social community of bottlenose dolphins on the 

northeastern coast of Sardinia, Italy (Fig. 1). 

Bottlenose dolphins live in this coastal 

environment, subject to significant use by humans, 

and interact with the fisheries, tourism and 

aquaculture industries (Díaz López, 2019).  

 

The current study used data from 1017 bottlenose 

dolphin groups encountered from 2004 to 2013. 

This long-term data set allowed a good 
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understanding of the abundance, community 

membership and patterns of habitat use of the 

individuals (Díaz López, 2012, 2019). 

Photoidentification surveys were designed to cover 

all the study area although the geographical 

distribution of the effort could vary according to 

weather conditions (Díaz López, 2019). Encounters 

took place during daylight hours, with good 

sighting conditions, during regular and year-round 

boat-based surveys. A suite of data including initial 

and final time of sighting, GPS location, and group 

behaviour, size and composition were recorded for 

each encounter.  

 

 

 

 

Figure 1. Study area (northeastern coast of Sardinia, Italy) with the core range centroids for each of the 24 

bottlenose dolphins studied. Coloured dots represent the minimum convex polygon (MCP) centroid as a central 

measure of the individual’s core range during the study period. The colour of each dot indicates its sex (blue: 

females; orange: males) and the size of the dot indicates its personality score (ranging from bold individuals 

with a larger node to shy individuals with a smaller node). The cross indicates the location of the marine fin-

fish farm (40°59.98′N, 9°37.09′E). 
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Bottlenose dolphins were identified by using 

excellent quality photographs of both sides of their 

dorsal fins through standard photoidentification 

protocols (Díaz López, 2019). Sex was determined 

through visual inspection and photographs of the 

genital area. Individuals were classified into four 

age categories (senior: older than 20 years; adult: 

between 10 and 20 years; young: between 6 and 10 

years; calf: younger than 6 years) based on either 

capture histories obtained since 1999 (first year 

with photoidentified individuals) or body length at 

first encounter. Calves were excluded from all 

analyses, based on the assumption that their 

mothers could influence their association choices 

and behaviour (Mann et al., 2012). Overall, 124 

adult bottlenose dolphins with recognizable marks 

were identified throughout the study period (Díaz 

López, 2019). Of these, 42 individuals were 

considered resident in the study area (30 females 

and 12 males, Díaz López, 2019).  

 

Analyses were restricted to individuals observed 

more than 20 times across at least 4 years of 

research. Twenty-four individuals met this criterion 

(57% of the resident bottlenose dolphins), of which 

13 were females (43% of the resident females) and 

11 males (92% of the resident males). Of these, 11 

dolphins were older than 20 years, nine were 

between 10 and 20 years old and four were between 

6 and 10 years old. The spatial distribution of each 

individual’s sightings for the whole study period 

was validated using minimum convex polygons 

(MCPs, Fieber & Börger, 2012) and represented by 

the MCP centroid as a central measure of the 

individual’s core range. 

The degree of interaction with human activities (a 

marine fin-fish farm) was measured by an 

interaction ratio (number of times an individual was 

observed inside the fin-fish farm area (24 000 m2) 

as a proportion of the total number of times the same 

individual was observed during the study). The 

individual’s core range (in square kilometres) was 

calculated using MCPs (convex hulls) in QGIS 

Geographic Information System software (QGIS 

Development Team, 2019).  

 

Context-specific measures of bottlenose dolphin 

behaviour  

I conducted specialized experiments to measure the 

reaction of individual bottlenose dolphins towards 

two novel and threatening situations: (1) the 

activation of an acoustic harassment device (AHD, 

maximum source level of 194 dB re 1 mPa @ 1 m, 

Díaz López & Mariño, 2011) and (2) the presence 
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of an underwater observer with snorkelling gear 

(UOb, Díaz López, 2006a, 2009). I measured the 

shortest distance (m) between the individual and the 

novel object (AHD exposure = 40 min and UOb 

exposure = 60 min) to score the reaction of each 

dolphin. Measurements were collected at a variety 

of time intervals (i.e. days, weeks and months) 

allowing to assess a test–retest reliability (Horback 

et al., 2013). Because both experiments were 

conducted in a marine fin-fish farm in the Gulf of 

Aranci (Fig. 1) and dolphins were engaged in 

foraging, it was possible to compare behavioural 

reactions in similar conditions. All 24 individuals 

were regular visitors to this coastal area and 

habituated to the presence of human activities (e.g. 

coastal gill-net fisheries and aquaculture; Díaz 

López, 2006, 2017, 2019). However, these two 

experiments represented the first time that these 

bottlenose dolphins were exposed to an AHD and to 

the presence of an underwater observer with 

snorkelling gear. 

 

Surface and underwater behavioural observations 

along with video recordings of the individuals were 

used to maximize the amount of information 

extracted and the contexts in which experiments 

were taking place. The choice of which individuals 

to monitor on a given measured trial was 

opportunistic resulting in a variable number of focal 

observations per individual. I restricted the data set 

for each individual to the first measurement of a 

given day, per experiment, assuming that the 

stimulus is still novel to the individual. I then 

selected a maximum of four first measurements on 

subsequent days, for each individual, per 

experiment, to measure repeatability in time and to 

minimize the potential effects of habituation.  

 

Statistical analyses of observed individual 

responses  

I calculated repeatability to quantify stable 

individual consistency in the observed reactions 

from generalized linear mixed-effects models 

where individual was a random effect (Réale et al., 

2007). I carried out a repeatability test to 

statistically investigate stability over time for both 

experiments (AHD, UOb) separately, by using the 

‘rptR’ package (Stoffel et al., 2017) in v. 1.8.1. of 

the statistics and graphics tool (R Development 

Core Team, 2012). I estimated confidence intervals 

for repeatability by parametric bootstrapping (N = 

1000) and I tested statistical significance against H0: 

R = 0 by likelihood ratio and permutation tests. To 

normalize the data (proximity to the stimuli), I used 
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the Box–Cox transformation estimating where 

appropriate the constant using the maximum 

verisimilitude function in the R statistical software. 

I conducted a principal component analysis (PCA) 

to reduce the complexity of the observed data and 

to obtain independent measures of the shy–bold 

continuum (personality score, Carter et al., 2013). 

The PCA was conducted on eight variables per 

individual representing the minimum approach 

distance during each of the first four measurements 

for the AHD test and each of the first four 

measurements for the UOb test. The Bartlett 

sphericity test (P < 0.001) and the Kaiser–Meyer–

Olkin test (overall MSA = 0.88) confirmed the 

sampling adequacy of the correlation matrix for 

PCA (Budaev, 2010). The unit-scale loadings of the 

first component of this PCA were subsequently 

used as a proxy for the shy–bold continuum. I 

calculated two nonparametric rank correlation tests 

(Spearman rho and Kendall’s tau) to investigate the 

potential link between variables (interaction with 

human activities and individual’s core range) and 

the personality score.  

 

Defining association patterns and individual 

relationships 

To calculate association patterns between dyads, I 

applied the gambit-of-the-group approach 

(Whitehead, 2008a). All individuals within a 

relatively close spatial cohesion (50 m radius), 

interacting and engaging in the same behaviour 

during a single day (the sampling period) were 

considered associated. Only groups with at least 

75% of individuals photoidentified (based on the 

group size estimation during each visual encounter) 

were included in further association analysis. 

Within each group encountered, I classified 

individuals based on their age and sex category. 

Data manipulation and analyses were carried out 

with v. 1.8.1. of the statistics and graphics tool R (R 

Development Core Team, 2012) and association 

patterns were analysed using SOCPROG 2.8 

(Whitehead, 2009), unless otherwise mentioned. 

 

The strength of the association between each pair of 

individuals was measured using the social affinity 

index (SAI) to exclude demographic effects (Mann 

et al., 2012) and to minimize individual differences 

in observation probabilities (Lazo, 1994). The SAI 

was calculated using the following formula (Lazo, 

1994):  

SAI = NAB/min[(NAB + yAB + NA), (NAB + yAB + NB)] 

(Whitehead, 2008a) 
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where NAB was the number of days individuals A 

and B were found in the same group, yAB was the 

number of days with A and B identified but not 

associated, NA was the number of days with just A 

identified and NB was the number of days with just 

individual B identified. Index values ranged 

between 0 (two individuals never seen together) and 

1 (when the least observed individual was always 

detected with the other individual). 

 

I estimated the precision of the SAI, indicated by 

standard errors, through a nonparametric bootstrap 

technique with 1000 replicates (in which sampling 

periods were resampled with replacement, 

Whitehead 2008a,b). The variability of SAI (S), 

which technically is the coefficient of variation of 

the ‘true’ SAI, was estimated through the maximum 

likelihood method (Whitehead 2008a,b). The 

precision of this measure of heterogeneity in the 

level of associations was assessed using the 

bootstrap procedure with 1000 replicates. S values 

lower than 0.3 suggest a rather homogeneous social 

community in relation to the association indexes; S 

values near or greater than 1 suggest a well-

differentiated society. 

To estimate the accuracy of the association matrix 

(r), I calculated the correlation coefficient between 

the ‘true’ SAI (proportion of time a pair are 

associated) and their estimated values, the 

association indices (Whitehead, 2008a,b). This is a 

measure of how well the association matrix 

reflected the real social structure and can be 

estimated from this formula (Whitehead, 2008a,b): 

r = S/CV(αAB) 

where S is the variability of SAI and CV(αAB) is the 

coefficient of variation (SE/mean) of the estimated 

SAI. A correlation about 0.4 indicates a somewhat 

representative pattern, while values near 1 point out 

excellent representations.  

 

Definition of affiliation indices 

To explore the social relationship between 

individuals, removing structural determinants of 

association, I calculated GAIs (Whitehead & James, 

2015). These are a representation of social 

affiliations, that is, active association preferences 

among individuals (Whitehead & James, 2015). 

GAIs are calculated as the raw residuals of a 

generalized linear model, where the response 

variable is the association indices and potential 

predictors are the structural factors (Whitehead & 

James 2015). In this study I considered six 

structural factors that may influence association 

patterns (SAI) among individuals: space use 
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overlap, temporal overlap, sex similarity, age 

similarity, gregariousness and cumulative number 

of sightings for each pair of individuals. First, I 

assessed the relative significance (correlation) of 

the different structural factors using MRQAP. The 

MRQAP test considers whether each of the 

predictor matrices makes a significant contribution 

towards explaining the matrix of social affinity 

indices (SAI, response matrix) while controlling for 

the presence of the other predictors (Whitehead, 

2008a). This analysis can be interpreted in a similar 

way as a multiple regression, but it accounts for the 

nonindependence of pairwise data through random 

permutations of the dependent matrix (Whitehead 

& James, 2015). Controlling for both space use and 

temporal overlap is important for discrimination 

between social avoidance and spatial/temporal 

separation (Spiegel et al. 2017). Thus, I determined 

the space use overlap between each pair of 

individuals by measuring the MCP centroid 

distances (m; Mann et al., 2012). Following 

Whitehead and James (2015), I also created a 

temporal overlap matrix based on the proportion of 

years that two individuals were both in the study 

area during the research period. This index results 

in values ranging from zero to one, with zero 

representing two animals never observed together 

in the same year, and one representing two 

individuals seen together in all years. In the sex/age 

similarity matrix, the relationships ‘same’ and 

‘different’ were the primary factors: xAB = 1 when 

individuals A and B were the same sex/age and xAB 

= 0 when individuals A and B were different 

sexes/ages (Whitehead & James, 2015). Finally, I 

calculated a gregariousness predictor for each dyad 

as a measure of the tendency of an individual to 

associate with other individuals. The predictor was 

calculated as the log of the sum of the association 

indices involving individual A (except the AB 

index) multiplied by the sum of those involving 

individual B (except the BA index; Whitehead, 

2008a).  

 

Analysis of affiliation patterns  

I used the GAIs as the weights of associations in the 

social network. The mean GAI and its SD, 

calculated on a per individual basis for both random 

and real data, were used to describe the affiliation 

patterns.  

 

To identify whether all individuals associated 

randomly or had preferred/avoided affiliates, I used 

a Monte Carlo simulation to permute individuals 

among groups within each day, and the original 
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group size and sighting frequency were maintained 

(Bejder et al., 1998). The number of permutations 

with 1000 trials per permutation (flips) was 

gradually increased until the P value stabilized. 

Significance was calculated by determining where 

the SD fell relative to the distribution of the SD 

calculated using the random networks. A 

significantly higher SD of observed affiliation 

indices compared to that of randomly permuted data 

indicated the presence of nonrandom associations 

(Whitehead, 2008a).  

 

Evaluation of social network structure 

I modelled the social network as weighted networks 

based on the association matrices defined by the 

GAI among individuals. Network analyses were 

conducted in v. 1.8.1. of the statistics and graphics 

tool R (R Development Core Team, 2012), using 

the igraph, asnipe and assornet R packages (Csardi 

& Nepusz, 2006; Farine, 2013, 2014). 

 

I measured network properties at the level of nodes 

(centrality measures) and at the level of the network 

(global measures) to quantitatively describe the 

network characteristics. Centrality measures are an 

important concept in social network analysis as they 

reflect the extent and manner to which individuals 

are connected to others (Borgatti, 2005). In this 

study, I concentrated on five commonly employed 

individual measures of centrality: Degree, Strength, 

Clustering coefficient, Closeness and Betweenness 

centrality. Degree is the number of ties connected to 

a given individual and increases if an individual 

interacts with more partners. Strength (also known 

as weighted degree) is a measure of the degree of 

association of one individual with all other 

individuals. It is measured as the sum of the weights 

of edges connected to the individual. Strength also 

increases if an individual interacts with more 

partners, or if it interacts more often with its 

partners. The Clustering coefficient (also known as 

transitivity) is a measure of the proportion of an 

individual’s neighbours that are themselves 

neighbours and quantifies the integration of 

individuals’ local neighbourhoods, or 

‘cliquishness’ (Watts & Strogatz, 1998). Closeness 

centrality of an individual is a measure based on 

distance to others in the network. Closeness 

centrality is a way of detecting individuals that are 

able to spread information very efficiently through 

a network. Betweenness centrality is a measure of 

the role of an individual in connecting otherwise 

distinct groups of individuals and seems to be a 

useful measure of the influence an individual has 
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over the spread of information, disease or resources 

through the network (Wasserman & Faust, 1994). 

Betweenness centrality is also a measure of the role 

individuals play in connecting subgroups within a 

network (Wasserman & Faust, 1994). 

 

To identify the importance of the shy–bold 

continuum in the observed network properties, I 

followed the steps described by Farine (2017) for 

testing hypotheses using permutation-based null 

models. First, I fitted linear models to compare each 

of the observed centrality measures (Degree, 

Strength, Clustering coefficient, Closeness and 

Betweenness centrality) with the individual 

personality scores. Each linear model was used for 

extracting the coefficient of the slope to be used as 

the test statistic when comparing nodes in a network 

(Farine, 2017). To test whether the effect of 

personality was stronger than expected I compared 

the test statistic value in the observed network with 

the test statistic values obtained from 1000 node 

randomizations on the social network. In this way, 

the identity of each node is randomized, thus 

breaking the link between the network and the trait 

of interest (the personality score of each individual). 

 

I estimated the eigenvector centralization and 

Newman’s modularity (Q) to provide a global view 

of network structure and explore potential 

subgrouping within the network (Newman, 2006). 

To detect clusters of individuals in the network, I 

used the leading eigenvector algorithm for 

community detection developed by Newman 

(2006). I calculated the assortativity coefficient 

(Newman, 2003) to weighted networks based on 

personality score (continuously varying trait) to test 

for homophily by personality using the assortnet 

package in R (Farine, 2014). To test whether the 

assortment was significant, I compared the 

assortment value in the observed network to the 

assortment value calculated on 1000 

randomizations of the network (Farine, 2014). 

 

I drew the social network using the igraph package 

in R (Csardi & Nepusz, 2006), with lines (edges) 

representing GAI between individuals (nodes). A 

force-directed algorithm (Fruchterman-Reingold, 

1991) was used to assign locations to nodes in a 

two-dimensional space such that ‘tightly’ 

connected clusters of nodes showed up close to each 

other and nodes that shared more connections were 

together.  
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 Ethical Note 

This research was exclusively observational and 

adhered to the ASAB/ABS Guidelines, the legal 

requirements of Italy (the country in which it was 

performed) and all institutional guidelines. It was 

conducted on wild, free-ranging bottlenose 

dolphins, and did not require any manipulation or 

handling of animals. Care was taken not to disturb 

the dolphins during photoidentification surveys and 

underwater observations. If they displayed boat 

avoidance behaviour, photoidentification follows 

were terminated. Additionally, to maximally reduce 

the possibility of a negative effect of the AHD 

exposure on the dolphins, I limited the operative 

time of the acoustic device to 40 min/day (Díaz 

López & Mariño, 2011).  

 

 

RESULTS 

Shy–bold continuum in bottlenose dolphins 

Measurements of the individual response to 

novelty, as a proxy for the shy–bold continuum, 

were performed on 192 trials between 2004 and 

2011 (N = 96 trials in the presence of an AHD and 

N = 96 trials in the presence of a UOb). Appendix 

Table A1 shows measurements of the reaction of 

each bottlenose dolphin to the novel and potentially 

threatening situations collected at various time 

intervals. The time interval between two 

consecutive trials ranged between 1 and 112 days 

for trials with an AHD (mean ± SE = 22.1 ± 2.5 

days) and between 1 and 720 days for trials with a 

UOb (mean ± SE = 111.4 ± 16.9 days; see Table 

A2). There was no evidence that individuals came 

closer as the number of trials increased (Kruskal–

Wallis test: HAHD = 0.94, P > 0.05; HUOb = 0.33, P 

> 0.05). There were no significant differences in the 

individual reactions across experiments (Mann–

Whitney U test with 10 000 permutations: U = 

224.5, P > 0.05). Repeatability tests confirmed that 

bottlenose dolphins showed a significantly 

consistent individual response over time for both 

AHD and UOb experiments (Table 1).  

 

The positive correlation between the averaged four 

measurements of each individual’s reactions in both 

experiments (Spearman rho = 0.94, P < 0.001) 

confirmed the convergent validity of the 

measurements (Appendix Fig. A1). Table 2 shows 

the PCA loadings (eigenvectors) of the first two 

components. The first component accounted for a 

considerable percentage (86.89%) of the total 

variance. Therefore, both experiments measured the 

same type of personality axis (response to novelty; 

https://doi.org/10.1016/j.anbehav.2020.03.001


Díaz López, B., 2020. When personality matters: personality and social structure in wild bottlenose dolphins, Tursiops 

truncatus. Animal Behaviour 163, 73-84. https://doi.org/10.1016/j.anbehav.2020.03.001 

 
Fig. 2). The PCA results together with the 

repeatability and correlation tests indicated strong 

correlations between the individual responses 

towards novelty over time as well as across contexts 

(i.e. experiment type). The unit scale loadings of the 

first component of this PCA were subsequently 

used as a proxy for the shy–bold continuum 

(personality score, PS).  

 

There were no differences between the sexes in 

personality score (Mann–Whitney U test with 10 

000 permutations: U = 59, P > 0.05) and no 

significant association with age (Kruskal–Wallis 

test: H = 3.54, P > 0.05). Likewise, the personality 

score (response to novelty) was not related to either 

the degree of interaction with the fin-fish farm 

(Spearman rho =–0.21, P > 0.05) or to the 

individual’s core range (Spearman rho = 0.06, P > 

0.05).  

 

 

Figure 2. Independent scores of the PCA components on reaction to novel and potentially threatening situations 

(explaining 93.2% of the variance). Each dot corresponds to an individual bottlenose dolphin (N = 24) and the 

colour of each dot indicates its sex (blue: females; orange: males). AHD: exposure to acoustic harassment 

device; UOb: exposure to underwater observer. 
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Table 1. Results of the repeatability tests for both experiments  

Experiment Repeatability  

R SE 95% CI P N 

AHD 0.855 0.074 0.662–0.944 <0.001 96 

UOb 0.861 0.063 0.701–0.939 <0.001 96 

Each experiment (AHD: exposure to acoustic harassment device; UOb: exposure to underwater observer) was 

conducted four times for each individual. Repeatability was calculated adhering to a normal distribution, using 

a generalized linear mixed-effects model. CI: confidence interval. P values were calculated using likelihood 

ratio tests. 

 

Affiliation between individuals  

The studied bottlenose dolphins were seen on 

average ± SE 141 ± 33 times throughout 551 days 

between December 2004 and November 2013. The 

measure of the variation observed in the SAI (S) and 

the indicator of the power of the analysis (r) 

suggested an extremely differentiated social system 

(S = 1.8 ± 0.06 SE) and strong analytical power to 

detect the true social system within the population 

(r = 0.99). 

 

The MRQAP procedure showed that the cumulative 

number of sightings for each pair of individuals and 

age similarity were significant predictors of social 

affinity in bottlenose dolphins (Table 3), and were, 

therefore, included in GAI analyses. The mean GAI 

among all individuals was 0.01 (SD = 0.04), with a 

mean maximum value of 0.36 (SD = 0.11).  

Permutation tests showed that individuals were not 

randomly connected in the network. Overall, of the 

12 000 permutations done with 1000 flips, only 420 

of them had a higher SD of the association indices 

than the SD of the real association indices (observed 

SD = 0.1565, random SD = 0.1532, P < 0.05).  

 

Personality and social network position  

The network showed a high level of density (0.971) 

and short average path lengths (mean distance = 

1.03). The network transitivity was 0.97 and the 

eigenvector centralization was 0.029. The 

modularity (Q) was 0.078 indicating only a 

marginal division into two clusters (Fig. 3). As 

modularity analysis did not show conclusive 
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partitioning into separate clusters all individuals 

were contained in the same component. 

 

Both the network diagram (Fig. 3) and the results of 

the permutation-based null models (Table 4) 

evidence the rather peripheral positions of 

individuals with higher personality score (shy) and 

emphasize the central role of individuals with lower 

personality score (bold). Strength (weighted 

degree), a measure of network centrality, was 

negatively related to personality (Fig. 4): 

individuals with lower personality scores (bold) had 

a higher strength than individuals with lower 

personality scores (shy; Table 4). However, the 

other four individual measures of centrality 

(Degree, Clustering coefficient, Closeness and 

Betweenness centrality) had no significant 

relationship with personality (Table 4). 

 

Individuals of similar personality were not more 

likely to be observed together (homophily or 

assortment). The assortativity coefficient for the 

network was rw
c =–0.076 and was not significantly 

different than expected by chance (P > 0.05, 

estimated using data permutations; Appendix Fig. 

A2).  
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Figure 3. Network diagram for bottlenose dolphins using general affiliation indices (GAIs). The colour of each 

node indicates its sex (blue: males; orange: females). The size of coloured nodes represents the inverse of the 

personality score ranging from bold individuals with a larger node to shy individuals with a smaller node (N = 

24). The thickness of the edges indicates the strength of association between individuals. Coloured polygons 

represent the two clusters assigned by the leading eigenvector algorithm for community detection. The colour 

of the edges represents connections between (red) and within (black) clusters.  
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Table 2. PCA loadings (eigenvectors) of the first two components  

Experiment PC 1 (86.89% of variance) PC 2 (6.35% of variance) 

AHD1 0.27013 0.20814 

AHD2 0.36399 0.30177 

AHD3 0.40581 0.57421 

AHD4 0.54333 -0.59828 

UOb1 0.27738 0.15257 

UOb2 0.29919 0.11871 

UOb3 0.29776 -0.30947 

UOb4 0.28202 -0.21172 

AHD: exposure to acoustic harassment device; UOb: exposure to underwater observer.  

 

Table 3. Effect of structural factors on social affinity indices (SAI) among bottlenose dolphins, as shown by 

partial correlation coefficients and results of multiple regression quadratic assignment procedures (MRQAP) 

tests (1000 replications)  

Variable Partial correlation 

coefficient 

P  

Sex similarity -0.003 0.56 

Age similarity -0.150 0.03 

Spatial overlap 0.04 0.61 

Temporal overlap 0.01 0.89 

Gregariousness -0.09 0.17 

Cumulative no. of sightings  0.47 <0.01 
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Figure 4. Scatter plot with fitted line and 95% confidence intervals between personality score and Strength (a 

measure of the degree of association of one individual with all other individuals). N = 24.  

 

Table 4. Effect of personality scores on measures of network centrality using permutation-based null models 

Linear model Coefficien

t of slope 

SE t Prand 

Degree ~ Personality score -0.0008 0.001 -0.62 0.538 

Strength ~ Personality score -0.0038 0.001 -2.66 0.014 

Clustering coefficient ~ Personality score 0.000001 0.000004 0.24 0.808 

Closeness ~ Personality score -0.00003 0.00005 -0.59 0.569 

Betweenness centrality ~ Personality score -0.00003 0.00007 -0.45 0.659 

Prand was calculated using 1000 randomizations.  
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DISCUSSION 

The current study presents for the first time 

consistent (repeatable) individual differences in 

behavioural response to novelty, as a proxy for the 

shy–bold continuum, in wild bottlenose dolphins. 

The results also revealed novel evidence for a 

phenotypic link between boldness and sociability 

(i.e. boldness–sociability syndrome) in bottlenose 

dolphins. By controlling for multiple factors that 

bring individual bottlenose dolphins into groups, I 

found that association patterns vary as a function of 

personality. While this type of relationship has also 

been observed in other taxa (e.g. fish: Croft et al., 

2009; songbirds: Aplin et al., 2013; Snijders et al., 

2014; primates: Massen & Koski, 2014), this is the 

first report of a link between personality and social 

organization in cetaceans. Bottlenose dolphins with 

a more novelty-seeking behaviour (boldness) 

showed an overall stronger social connectivity, in 

terms of stronger association preferences and more 

central spatial social network positions, than 

bottlenose dolphins with a novelty-averse 

behaviour (shyness).  

 

The finding that bottlenose dolphins differed in 

social network position in relation to their 

personality trait has important implications for 

understanding of both the costs and benefits of 

personality types. Indeed, previous social network 

studies have shown that an individual’s network 

position can be associated with social rank 

(McDonald, 2007), discovery of novel foraging 

patches (Aplin et al., 2012), acquisition of novel 

feeding strategies (Allen et al., 2013) and mating 

success (Gilby et al., 2013). Less cautious (bold) 

bottlenose dolphins spent most of their time in the 

vicinity of other individuals (higher Strength). 

Therefore, it is likely that they could play a more 

important role in group cohesion, stability and 

spread of information through the network (Sih et 

al., 2015). Associating more with surrounding 

conspecifics could also lead to: (1) better feeding 

opportunities, because of increased access to social 

information (Allen et al., 2013; Aplin et al., 2012; 

Farine, Aplin, et al., 2015) and the formation of 

cooperative alliances (i.e. feeding associates: Díaz 

López & Shirai, 2008), and (2) greater mating 

success (Gilby et al., 2013), which could affect 

individual fitness.  

 

The results of this study furthermore suggest that 

personality in wild bottlenose dolphins was not 

intercorrelated with exploratory activity 

(individual’s core range) or with the degree of 
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interaction with human activities (interaction with a 

marine fin-fish farm). These findings therefore 

contrast with the bold–exploration behavioural 

syndrome observed in other species (Boon et al., 

2008; Cote et al., 2010; Spiegel et al., 2017). The 

absence of this behavioural syndrome could be 

associated with the attraction of all individuals 

(bold and shy) to the high food resources 

concentrated in the fin-fish farm area (i.e. wild and 

farmed fish; Díaz López, 2006a, 2009).  

 

I did not find homophily based on personality, 

which could be the result of several factors. First, it 

is possible that the sample size was too small to 

detect a tendency to associate with similar 

individuals. A sample size larger than 24 

individuals would be necessary to rule out this 

hypothesis. Second, the lack of homophily based on 

personality could be related to the link between 

boldness and aggression observed in other species 

(e.g. songbirds: Verbeek et al., 1994; primates: 

Kinnaly et al., 2008). Hence, if bold individuals are 

already generally more aggressive, they might also 

have fewer benefits from increasing associations 

with other bold individuals, as they are anyway 

more likely to escalate aggressive interactions.  

 

Behavioural observations during the experiments 

may have depended on behavioural factors related 

to (1) motivation to examine novelty, (2) risk-taking 

behaviour or (3) curiosity (Verbeek et al., 1994; 

Kinnally et al., 2008). In the present study, low 

personality scores characterized novelty-seeking 

bottlenose dolphins. These less cautious individuals 

(bold) were observed at close distances of the novel 

objects, and may be less concerned about or did not 

perceive the potential threat posed by the AHD or 

the UOb. Personality may affect an individual’s 

internal state and how the individual prioritizes 

motivation for different behaviours. Indeed, 

individuals may differ in their perception of risk and 

their motivation to explore or avoid novel objects. 

Both bold and shy bottlenose dolphins could 

perhaps weigh the cost of close exposure to the 

novel object against the benefit of remaining near it 

(i.e. concentration of food resources in the fish farm 

area; Díaz López, 2006a, 2009). Similarly, a 

novelty-seeking behaviour may be considered a risk 

factor for negative outcomes, such as being exposed 

to multiple threats caused by the direct interaction 

with gill-net fisheries (Díaz López, 2006b) and 

aquaculture (Díaz López & Shirai, 2007; Díaz 

López & Mariño, 2011). Bottlenose dolphins with 

higher personality scores showed a novelty-averse 
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behaviour. These more cautious (shy) individuals 

stayed further away from the novel objects. The 

observed differences in individual response to 

novelty could lead to additional hurdles in finding 

solutions to human–wildlife conflicts. One example 

of this is the use of acoustic devices (both acoustic 

harassment and deterrent devices) that are designed 

to keep marine mammals away from fishing nets or 

aquaculture cages. These devices are likely to have 

greater impact on shy individuals (which may never 

adjust to novelty) than on bold individuals. Indeed, 

the exposure to acoustic devices (or other sources 

of noise pollution) could lead to higher stress in shy 

bottlenose dolphins, which is relevant from both a 

conservation and an animal welfare perspective. 

 

This work illustrates the potential of an analytical 

approach combining the use of generalized 

affiliation indices and social network analysis to 

remove the effect of external structural variables on 

association patterns for studying the relationship 

between personality and social organization. 

Although information concerning the potential for 

genetic influences on personality was not available, 

the observed shy–bold continuum in wild 

bottlenose dolphins could be the result of kin 

selection. Future empirical studies on this topic in 

wild bottlenose dolphins should also incorporate 

additional information about the link between the 

individual response to novelty and other 

behaviours, such as aggression, leadership and 

competitive ability (Duckworth, 2010; Webster & 

Ward, 2011). Further studies are also needed to look 

at the role of personality in actual information 

transfer, contact initiation, survival and 

reproductive success of the individuals.  

 

In conclusion, this study provides insights into how 

a social network is structured by personality in a 

wild mammal population living in a fission–fusion 

society, and therefore into how personality could 

have potential impacts on fitness. Moreover, 

intraspecific variation in personality can have 

important implications for ecological and social 

processes, with variation in the phenotypic 

composition of groups (Farine, Montiglio, & 

Spiegel, 2015). From a conservation perspective, 

bold bottlenose dolphins may face a higher risk of 

injury or death due to the interaction with human 

activities than shy individuals, but shy individuals 

are more likely to suffer from stress following 

anthropogenic activities. In order to have a more 

comprehensive understanding of the impacts of 

human activities on wild animals, we must therefore 
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pay careful attention to the interindividual 

behavioural variation that exists within populations.  
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APPENDIX 

 

Figure A1. Relationship between the averaged four measurements (m) of each individual’s 

reactions in the presence of an acoustic harassment device (AHD) and an underwater observer 

(UOb). The red line represents a simple regression line and blue solid lines show 95% confidence 

intervals. 

 

Figure A2. Distribution of the assortment scores of node-randomized data (1000 permutations) 

and the assortment score of observed data (vertical dashed line). 
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Table A1. Measurements of the reaction (proximity measure, m) of each bottlenose dolphin to the 

novel and potentially threatening situations. 

ID Sex Experiment AHD Experiment UOb 

  Trial 

1 

Trial 

2 

Trial 

3 

Trial 

4 

Average ± 

SE 

Trial 

1 

Trial 

2 

Trial 

3 

Trial 

4 

Average ± 

SE 

B1 

 

M 

1 2 10 10 5.75 ± 2.5 1 2 5 10 

4.5 ± 2 

B3 F 100 200 200 210 177 ± 26 100 100 100 100 100 ± 0 

C1 F 80 80 100 200 115 ± 28.7 50 60 100 150 90 ± 22.7 

F2 F 100 100 200 100 125 ± 25 80 100 60 80 80 ± 8.2 

G1 M 10 20 20 20 17.5 ± 2.5 5 5 10 20 10 ± 3.5 

J6 M 100 100 100 80 95 ± 5 100 100 100 100 100 ± 0 

M1 F 1 2 2 5 2.5 ± 0.9 1 1 4 5 2.75 ± 1 

M3 M 1 1 2 5 2.25 ± 0.9 1 1 2 2 1.5 ± 0.3 

MC4 F 80 100 100 200 120 ± 27 60 80 100 100 85 ± 9.6 

N13 F 5 5 10 20 10 ± 3.5 5 10 25 20 15 ± 4.6 

N20 F 40 40 60 60 50 ± 5.8 10 20 40 50 30 ± 9.1 

N25 F 40 40 50 50 45 ± 2.9 10 10 20 20 15 ± 2.9 

N31 M 40 40 60 80 55 ± 9.6 20 20 40 60 35 ± 9.6 

N32 F 20 40 40 50 37.5 ± 6.3 10 10 50 50 30 ± 11.5 

N38 M 40 40 50 50 45 ± 2.9 10 20 30 40 25 ± 6.5 

N9 M 80 100 100 200 120 ± 27 100 100 80 60 85 ± 9.6 

NB1 M 60 80 100 200 110 ± 31 80 100 150 100 107 ± 14.9 

NB2 M 50 50 100 100 75 ± 14.4 50 40 100 60 62.5 ± 13 
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ID: individual identification code; M: male; F: female; AHD: exposure to acoustic harassment 

device; UOb: exposure to underwater observer. 

  

P1 M 40 40 60 80 55 ± 9.6 20 40 50 60 42.5 ± 8.5 

R1 M 20 30 40 40 32.5 ± 4.8 15 20 20 20 18.8 ± 1.3 

S1 F 20 30 40 40 32.5 ± 4.8 20 20 40 50 32.5 ± 7.5 

T1 M 1 2 5 10 4.5 ± 2.0 1 1 2 5 2.3 ± 0.9 

V1 F 80 100 100 150 107 ± 15 80 80 60 80 75 ± 5 

W1 F 1 5 20 40 16.5 ± 8.8 2 5 10 20 9.3 ± 3.9 

Aver

age ± 

SE 

 42.1± 

7.2 

52.0± 

9.7 

65.4± 

11.2 

83.3± 

14.5 

60.7 ± 5.6 34.6± 

7.5 

39.4± 

7.9 

49.9± 

8.3 

52.6± 

7.9 

44.1 ± 4 
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Table A2. Dates (day/month/year) in which trials were carried out and average time intervals 

(days) between consecutive trials  

ID Experiment AHD 

 

Experiment UOb 

 Trial 1 Trial 

2 

Trial 3 Trial 4 Interva

l 

Trial 1 Trial 2 Trial 3 Trial 4 Interval 

B1 01/03/

2009 

24/04/

2009 

01/05/2

009 

08/05/2

009 

22.7 ± 

15.7 

28/09/2

005 

12/10/2

005 

16/08/2

006 

31/08/2

006 

112 ± 

97.8 

B3 14/02/

2009 

07/04/

2009 

16/04/2

009 

26/06/2

009 

44 ± 

18.3 

06/07/2

012 

11/09/2

012 

04/10/2

012 

01/05/2

013 

103 ± 59 

C1 14/02/

2009 

16/02/

2009 

17/02/2

009 

12/03/2

009 

8.7 ± 

7.2 

12/10/2

005 

17/05/2

006 

06/09/2

006 

19/09/2

007 

80.3 ± 

68.3 

F2 20/02/

2009 

06/04/

2009 

07/04/2

009 

24/04/2

009 

21 ± 

12.9 

06/10/2

005 

11/10/2

005 

31/08/2

006 

05/09/2

006 

111 ± 

106 

G1 16/02/

2009 

20/02/

2009 

18/03/2

009 

17/04/2

009 

20 ± 

8.1 

01/06/2

009 

30/07/2

009 

19/08/2

009 

14/09/2

009 

35 ± 

12.1 

J6 17/02/

2009 

01/03/

2009 

18/03/2

009 

20/04/2

009 

20.1 ± 

6.3 

11/07/2

011 

11/05/2

012 

23/05/2

012 

12/06/2

013 

237 ± 

110 

M1 16/02/

2009 

20/02/

2009 

04/03/2

009 

02/04/2

009 

15 ± 

7.4 

19/05/2

005 

31/05/2

005 

01/06/2

005 

13/07/2

005 

18.3 ± 

12.3 

M3 18/03/

2009 

02/04/

2009 

03/04/2

009 

26/06/2

009 

33.3 ± 

25.7 

01/06/2

005 

11/10/2

005 

18/05/2

006 

12/07/2

007 

257 ± 

85.3 

MC4 01/05/

2009 

11/06/

2009 

25/06/2

009 

01/07/2

009 

20.3 ± 

10.6 

23-06-

2006 

01-09-

2006 

06/10/2

006 

02/08/2

007 

135 ± 

83.1 

N13 14/02/

2009 

17/02/

2009 

19/02/2

009 

04/03/2

009 6 ± 3.5 

12/10/2

005 

06/09/2

006 

21/07/2

007 

02/10/2

007 

240 ± 

83.6 

N20 24/04/

2009 

16/05/

2009 

04/06/2

009 

11/06/2

009 

16 ± 

4.6 

11/06/2

009 

03/09/2

009 

18/06/2

010 

07/07/2

010 

130 ± 81 
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ID: individual identification code; AHD: exposure to acoustic harassment device; UOb: 

exposure to underwater observer. 

N25 23/04/

2009 

01/05/

2009 

30/06/2

009 

21/07/2

009 

36.3 ± 

12 

13/06/2

006 

01/09/2

006 

05/09/2

006 

06/10/2

006 

38.3 ± 

22.2 

N31 15/05/

2009 

26/05/

2009 

04/06/2

009 

11/06/2

009 

8.3 ± 

1.8 

11/09/2

008 

17/09/2

008 

03/09/2

009 

11/06/2

010 

213 ± 

105 

N32 18/03/

2009 

17/04/

2009 

08/05/2

009 

1/07/20

09 

35 ± 

9.8 

03/09/2

009 

07/07/2

010 

26/06/2

012 

04/07/2

012 

345 ± 

206 

N38 01/05/

2009 

16/05/

2009 

25/05/2

009 

04/06/2

009 

11.3 ± 

1.9 

28/05/2

010 

18/06/2

010 

02/07/2

010 

09/07/2

010 

11 ± 5 

N9 12/02/

2009 

04/06/

2009 

03/07/2

009 

21/07/2

009 

53 ± 

29.7 

04/06/2

007 

17/10/2

007 

19/06/2

008 

26/06/2

008 

129 ± 69 

NB1 01/05/

2009 

16/05/

2009 

04/06/2

009 

03/07/2

009 

21 ± 

4.2 

11/06/2

010 

18/06/2

010 

02/07/2

010 

20/07/2

010 

13 ± 3.2 

NB2 18/03/

2009 

24/04/

2009 

26/05/2

009 

13/07/2

009 

39 ± 

4.7 

27/05/2

013 

04/06/2

013 

12/06/2

013 

25/07/2

013 

19.7 ± 

11.7 

P1 17/02/

2009 

20/02/

2009 

18/03/2

009 

03/04/2

009 

15 ± 

6.7 

10/06/2

006 

06/09/2

006 

12/07/2

007 

06/09/2

007 

151 ± 

79.5 

R1 16/02/

2009 

19/02/

2009 

01/03/2

009 

02/04/2

009 

15 ± 

8.7 

01/06/2

005 

13/07/2

005 

19/08/2

005 

14/09/2

005 

31.7 ± 

3.2 

S1 16/02/

2009 

19/02/

2009 

06/04/2

009 

09/04/2

009 

17.3 ± 

14.3 

24/06/2

012 

19/07/2

012 

27/07/2

012 

08/08/2

012 

15 ± 5.1 

T1 14/02/

2009 

17/02/

2009 

03/04/2

009 

07/04/2

009 

17.3 ± 

13.8 

13/07/2

005 

30/07/2

005 

19/08/2

005 

14/09/2

005 

21 ± 2.6 

V1 17/02/

2009 

20/02/

2009 

06/04/2

009 

09/04/2

009 

17 ± 

14 

09/10/2

007 

19/06/2

008 

20/06/2

008 

29/06/2

008 

88 ± 83 

W1 16/02/

2009 

19/02/

2009 

02/04/2

009 

07/04/2

009 

16.7 ± 

12.7 

07/04/2

005 

27/05/2

005 

14/09/2

005 

25/05/2

006 

138 ± 

60.2 
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