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Abstract
Personality traits overlap in behavioral syndromes that are assumed to be related to physiology and life history traits, shaping pace-of-life syndromes. Boldness and explorative behavior are frequently associated to higher parasite loads, increased resource acquisition, less efficient antipredator behavior, and reduced survival (e.g. through predation). We explored how personality is related to these biological traits using an invasive species –Atlantoxerus getulus in Fuerteventura island- as a model system with reduced parasitism and low predation pressure. We used breath rate during handling, open field tests and escape trials to test for the existence of inter-individual differences in boldness, explorative behavior and escape speed. We also tested whether the personality traits were related and formed behavioral syndromes in A. getulus. At the same time, we explored how personality is related to ectoparasite load, body condition and survival in the species. We found strong between-individual differences in breath rate, readiness to get in the open field arena and escape speed. We found a behavioral syndrome, linking open field entrance and escape speed, occurs in A. getulus. However, personality was not related to parasite load or body condition and survival was higher for bolder individuals. As a whole, our results suggest reduced parasites and predator pressures on Fuerteventura may have potentially neutralized the typical drawbacks of a fast pace-of-life in the introduced population of A. getulus.
Significance statement
Research on the interactions of animal personality with other ecological and evolutionary factors, such as parasitism and selection gradients, has yielded some intriguing perspectives about many ecological and evolutionary processes. However, our understanding of the eco-evolutionary consequences of animal personality and how it interacts with other relevant biological processes is still limited. Invasive species often experience specific ecological conditions that can allow testing of the general assumptions related to animal personality. The present contribution explores if and how personality traits are related to key ecological and evolutionary factors, such as parasitism and survival, in the context of an invasive population subjected to reduced parasite and predation pressure. Unlike other studies conducted under different ecological contexts, our results suggest Barbary ground squirrels from the assessed population with fast pace-of-life syndromes have higher survival chances than their counterparts.
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INTRODUCTION
The existence of behavioral differences among individuals within species and populations, consistent over time and across contexts, has led to the concept of animal personality or animal temperament (Réale et al. 2007). Personality traits are correlated in behavioral syndromes (Sih et al. 2004a; Sih and Bell 2008), which are in return integrated in complex pace-of-life syndromes, linking animal personality to life-history productivity and physiology (Réale et al. 2010). For instance, personality has been linked to immune function and parasitism (Barber and Dingemanse 2010; Kortet et al. 2010; Ezenwa et al. 2016; Monceau et al. 2017), along with metabolic rate and feeding behavior (Stamps 2007; Careau et al. 2008; Le Coeur et al. 2015). Evidence from small mammals suggest individuals with a faster pace-of-life, i.e. more explorative, aggressive and bolder individuals (defined in Réale et al. 2007), are more parasitized (Boyer et al. 2010; Zohdy et al. 2017), potentially leading to severe energetic and fitness costs (Khokhlova et al. 2002; Lemaître et al. 2009; Hillegass et al. 2010; Patterson et al. 2013). However, explorative behavior, along with boldness, can also improve individual resource acquisition capacity (van Oers et al. 2004; Dingemanse et al. 2004; Biro and Stamps 2008; Le Coeur et al. 2015), enhancing body condition and fitness in explorative and bold individuals (Le Coeur et al. 2015). In return, the increment in feeding rate incurs higher predation risk, so that fast pace-of-life personality types are associated with reduced antipredator behavior efficiency (Carter et al. 2010; Jones and Godin 2010; Rodríguez-Prieto et al. 2011). Personality variation is thus assumed to be connected to the trade-off between feeding and the strategies used to reduce predation risk (i.e. antipredator strategies; Houston et al. 1993; Macleod et al. 2005), although few empirical studies have directly assessed such relationships (Quinn and Cresswell 2005; Boon et al. 2008; Rodríguez-Prieto et al. 2011). 
Pace-of-life syndrome hypothesis suggests the relationship between behavioral traits, physiology and life history is due to correlational selection (Réale et al. 2010). In this context, personality traits incur different fitness costs and benefits for individuals (Wolf et al. 2007; Stamps 2007; Smith and Blumstein 2007; Biro and Stamps 2008; Boon et al. 2008; Réale et al. 2010; Kight et al. 2013). However, fitness penalizations (e.g. reduced survival) for personality traits are heavily context-dependent (Sih et al. 2012; Le Coeur et al. 2015), and differing patterns of selection are frequently detected in personality research (Dingemanse et al. 2004; Boon et al. 2008; Bergeron et al. 2013; Rödel et al. 2014). Despite such an entangled relationship, an increasing number of studies have supported the idea that personality and life history are intertwined, and these studies have attracted the attention of other research fields, such as invasive species biology. For instance, in early stages of the invasion process, bolder and explorative individuals are hypothesized to perform better than shyer and less explorative ones (Chapple et al. 2012). Yet, despite the interesting and specific ecological conditions associated to biological invasions (e.g. changing environmental conditions, variable ecological constraints and natural enemy release; Torchin et al. 2003; Blackburn et al. 2011), few empirical studies have attempted to directly evaluate how personality traits are related to fitness in invasive species (Chapple et al. 2012). Research has mainly focussed on the relationship between personality and dispersal (Cote et al. 2010; Phillips and Suarez 2012; Thorlacius et al. 2015; Malange et al. 2016; Mutascio et al. 2017), although information on how personality is related to other biological traits is almost absent for established invasions (but see Blight et al. 2017). 
The present paper is focused on the Barbary ground squirrel (Atlantoxerus getulus), a native rodent from Morocco and Algeria that was deliberately introduced in Fuerteventura in 1965, when two individuals (male and female) were released into the island (Machado 1979; Machado and Domínguez 1982). The species is now present and abundant all throughout the island (population density attains 296 squirrels/ha) (López-Darias, 2007). Previous research on A. getulus found that individuals from Fuerteventura are less parasitized and have fewer predators than individuals in the native range (López-Darias 2007). Such ecological release offers an interesting scenario to study the relationship of personality with other key ecological and evolutionary mechanisms such as parasitism or selection gradients. 
Our objective was to test for the existence of personality traits and a behavioral syndrome in A. getulus and their relationship to ectoparasite load, body condition and survival. Our main hypothesis is that the species shows both personality traits and a behavioral syndrome that links boldness, explorative and antipredator behavior (i.e. escape speed). Explorative and bold individuals are expected to have reduced escape speed, higher parasite loads, and better body condition, compared to less explorative and shyer individuals. Finally, the occurrence of fast pace-of-life traits may not reduce a squirrel’s survival chances due to their reduced parasitism and predation pressure.
Methods
Study area
The island of Fuerteventura, situated approximately 100 km from the African continent, belongs to the Canary Islands, a group of volcanic islands located between 27-29º N off the Atlantic coast of NW Africa. Fuerteventura has a warm desert climate (Marzol-Jaén 1988), which is characterized by high temperatures (~20ºC), low rainfall (53.5-253.5 mm per year), high insolation and intense, as well as frequent, trade winds (Marzol-Jaén 1988). Such climatic conditions have shaped the semi-desert habitats that occupy most of the island (del Arco et al. 2010). The study area was located near the protected area of “Montaña Tindaya” (28º35´56, 18´´N-13º59´43, 37´´W), in the northern district of La Oliva, where previous behavioral studies were conducted for three consecutive years (2013-2015). Three sampling sites were selected in the area where squirrels were locally abundant (Site 1: 28º35'58,10'' N - 13º59'49,15'' W; Site 2: 28º35'36,81'' N - 13º59'48,71'' W; Site 3: 28º35'38,51'' N - 14º00'01,41'' W). All of the sites were covered by stony plains and xerophytic scrubland (mainly composed by Launaea arborescens, Lycium intricatum and Salsola vermiculata) interspersed with areas that were formerly cultivated. For this study, all data were collected between September 2015 and November 2015, during the non-reproductive period of A. getulus. 
Trapping method, ectoparasite quantification and body condition 
We trapped A. getulus individuals in live traps (Tomahawk Live Trap Co., Tomahawk, Wisconsin, 40.64 x 12.7 x 12.7 cm), baited with peanut butter. We trapped each site twice every six days, from 9:00h to 18:00h (diurnal period of squirrel activity). We only used individuals older than one year in this study (age of each individual was known as animals at the sites had been trapped and marked from 2014 onward). To minimize confinement stress, we checked traps every 40-60 minutes. Furthermore, we placed traps in shaded areas, and covered them with cardboard sections to provide extra shade. Every time an individual was caught in a trap, we transferred it to a handling bag (Koprowski 2002), where it was identified by reading passive integrated transponders tags (PIT tags, AVID, U.S.A.) already implanted. After other parameters were noted down (see below), we quantified ectoparasites by counting the number of Neohaematopinus pectinifer lice (see Machado and Domínguez 1982) in a 2-cm diameter circle on the abdomen, the base of the tail, and the central dorsal region of each squirrel. As all squirrels in this study had lice, we did not include prevalence (proportion of animals with infections) in the analysis. We recorded lice intensity (number of lice per infected animal; Bush et al. 1997; Rózsa et al. 2000) for the entire sample population. We discarded other ectoparasites known for A. getulus (Machado and Domínguez 1982) because of their very low rates of infection. Afterwards, we measured mass (g) using a spring scale (±5 g; Pesola AG, Baar, Switzerland), and hind-foot length (mm) using a digital caliper (Mitutoyo Corp. Japan) to calculate an individual’s body condition through a scaled mass index (hereafter body condition), according to Peig and Green (2009). 
Behavioral tests: “exploration-avoidance”, “shyness-boldness” and “escape speed” 
We evaluated the squirrel’s behavioral phenotype using three different trials: breath rate, open field test and escape trial, corresponding to shyness-boldness, exploration-avoidance and escape speed behavioral categories, respectively. As personality is expected to be consistent and repeatable (Dingemanse and Dochtermann 2013), we repeatedly assessed individuals for each behavioral trait to calculate repeatability (open field tests and escape trials were repeated up to a maximum of three and four times, respectively). To minimize habituation to the open field test or the escape trial (Stamps and Groothuis 2010), we never exposed a single individual to the same experiment within three days of the former trial. In addition, we performed all behavioral tests in each site at the same location to minimize variation in conditions among trials.
We measured breath rate (number of breast moves during ten seconds) 1 minute after transferring squirrels from traps to a handling bag and just before the assessment of any other trait, to avoid bias due to handling. Certain discrepancy exists in the literature regarding the use of this trait; while a large proportion of studies on animal personality refers to breath rate as a proxy of behavior (Boon et al. 2007; Kluen et al. 2014; Brommer and Kluen 2012; Class and Brommer 2016; Hall et al. 2015; Corti et al. 2017; Haigh et al. 2017b), other authors have considered breath rate as a physiological trait reflecting stress response (David et al. 2012, Ferrari et al. 2013; Krams et al. 2014, Dubuc-Messier et al. 2017; Šimková et al. 2017). In this study, we used breath rate as an indicator of individual behavioral reaction towards handling stress (i.e. boldness as defined in Réale et al. 2007), following previous research on mammals suggesting handling stress response, and particularly breath rate (Boon et al. 2007; Haigh et al. 2017b), is tighlty linked to individuals’ personality (see Montiglio et al. 2012). Once breath rate, ectoparasite load and morphology were obtained for each individual, we started the open field test to measure a squirrel’s exploration-avoidance (e.g. Réale et al. 2007; Bijleveld et al. 2014). We performed this test by using a 73 x 53 x 30 cm plastic box (open field arena) with one entrance (10 x 15 cm), covered on top with metallic mesh. To do so, we connected the handling bag to the arena for a 5-minute habituation period, with the entrance blocked to prevent the squirrel entering the arena. Once the habituation period elapsed, we opened the entrance to the arena and filmed the squirrel’s behavior for 10 minutes using a video camera (Canon Inc., ON, Canada, Model VIXIA HFM41) mounted on a tripod above the arena. Recent empirical evidence suggests reluctance to enter a novel space is related to the shyness-boldness axis, rather than exploration-avoidance (Perals et al. 2017). Thus, we first examined an individual’s readiness to enter in the open field arena as follows: (1) we assessed in each trial whether the individual entered the open field arena or not (thereafter called open field entrance), (2) we calculated for each squirrel the percentage of open field trials in which it entered the open field (hereafter percentage entrances). Additionally, we recorded the time spent in the open field arena (thereafter exploration time) and used it as a measure of exploration-avoidance. We calculated exploration time using solely trials in which the squirrels entered the open field. To avoid any confounding effects on squirrel behavior, we removed the scent from any previous squirrel in the open field arena with a solution of water and vinegar (1:1) (Phillips and Waterman 2014).
 Finally, we used escape trials to assess escape speed, which is commonly referred to as a performance trait (Blumstein et al. 2010, 2015). However for the purpose of the present study, we did not stimulate squirrels to attain their maximum running speed, so that escape speed reflected  individual’s reaction to predation risk (i.e. antipredator behavior) instead of a performance trait. To avoid obstacles interfering with a squirrel’s flight, we performed escape trials in opened plain areas with similar substrate and scarce or no vegetation. To standardize the starting point of the flight, we started escape trials immediately after the open field trial, when animals were released from the open field arena. Because rock walls are intensively used by the species as shelters (López-Darias and Lobo 2008), the finish line of the escape trial was a rock wall located 10 m away. To start the test, we encouraged squirrels to exit the arena by passing a hand over the mesh on the top of the open field arena from the back to the exit. To ensure animals fled the arena, we chased individuals at a consistent speed (~2 m/s) for 3 m. We performed all trials so that the flight was orientated toward the home range of the squirrel and filmed with a video camera (Canon Inc., ON, Canada, Model VIXIA HFM41) mounted on a tripod. We quantified escape speed by analyzing the videotapes with Solomon Coder (Solomon Coder, version 15.03.15, András Péter, http://solomoncoder.com). For each trial, we calculated escape speed (m/s) as the time from the beginning of the flight to the moment when the squirrel reached the rock wall or stopped the flight. The observer signaled the end of each escape trial on the camera, and the delay between escape ending (e.g. squirrel paused or entered rock wall) and observer’s reaction was calculated if the escape stopped within camera range. For those escapes that finished out of camera range, we subtracted the delay in the observer’s reaction from the calculated time of flight. A single observer (JCP) performed all escape trials to standardize measurements. We corrected the distances of escape with a measuring tape for any of the following situations: (1) if a squirrel paused before reaching the rock wall, (2) if a squirrel deviated greatly from a straight trajectory, and (3) if a flight continued through the open field and not towards the wall (the observer signaled trial end on the camera). As some squirrels were not always able to find suitable holes while fleeing, we considered any approach within 0.5 m of the rock wall as reaching it. 
Survival 
In November 2016, twelve months after we performed the last behavioral trial, we trapped the study sites to determine the survival of individuals. As the same population had been thoroughly studied for several consecutive years, we knew that the dispersal of individuals above one year of age was extremely rare (especially females). Thus, for the purpose of our survival calculation, we considered all those individuals above one year of age, who were not trapped in 2016, were dead. For the survival analysis, we did not include adult individuals that were first captured during 2015 fieldwork, as they could potentially be visiting from neighboring populations. We calculated the average lifespan for the studied population for 32 adult and sub-adult individuals (squirrels whose age was over 6-months) of known age. Furthermore, we classified squirrels used in personality trials into three age classes, according to the year of birth (van der Marel et al. unpublished data): 1 (born in 2014), 2 (born in 2013) and 3 (born before 2013).
Statistical analyses
We performed all statistical tests with R 3.4.1 (R Core Team 2017). Results are presented as means ± SD.
Behavioral tests: “exploration-avoidance”, “shyness-boldness” and “escape speed” 
We calculated adjusted repeatability (Nakagawa and Schielzeth 2010; Dingemanse and Dochtermann 2013) of behavioral traits following Nakagawa and Schielzeth (2010); we employed linear mixed models (LMMs) to obtain breath rate and escape speed adjusted repeatability, and general linear mixed models (GLMMs) with logit-link function for open field entrance. Both LMMs and GLMMs for repeatability calculation included sex and test repetition as fixed factors, and time of day (in decimal format) and squirrels identity (henceforth ID) as covariate and random factor, respectively. Adjusted repeatability was not calculated for exploration time because of the small number of individuals repeatedly entering in the open field arena. We extracted significant fixed factors and covariates for further analysis. We square-root transformed breath rate and escape speed in order to meet normality assumptions and increase model fitting. We performed LMMs and GLMMs using the lme4 package (Bates et al. 2015), and repeatablity calculation with rptR package (Stoffel et al. 2017).
Behavioral syndrome and pace-of-life syndrome
We tested the existence of a behavioral syndrome (i.e. between-individual covariance for personality traits) and a pace-of-life syndrome in a multivariate generalized mixed model using Monte Carlo Markov Chain (MCMC-GLMM) with breath rate, open field entrance, escape speed, lice intensity and body condition, as dependent variables. As individual consistency for exploration time was not verified, we did not include it in the behavioral syndrome analysis. To set lice intensity, body condition, breath rate and escape speed  on a similar scale and meet normality assumptions, we all square-rooted, mean-centered and standardized to units of one standard deviation these dependent variables. Variable distribution for lice intensity, body condition, breath rate and escape speed was set as Gaussian, whereas open field entrance was included as a categorical variable (Hadfield 2010). We included random intercepts for ID and all significant factors and covariates extracted from the univariate LMMs for personality traits as fixed factors. We estimated the within-individual covariance by setting an unstructured R-matrix in the model (Dingemanse and Dochterman, 2013). We used an inverse-gamma prior distribution in the model specification after we tested the model prior robustness (see Text S1 for prior specifications), and generated a sample size of 2,500 iterations by sampling 1 from every 2,000 iterations, after the first 50,000 iterations. We ran the MCMC-GLMM three times to assess chain convergence of posterior distribution through Gelman Rubin diagnostic (Gelman and Rubin 1992). We implemented MCMC-GLMM using the MCMCglmm package (Hadfield 2010).
Survival
Finally, we calculated relative survival (i.e. survival probability, 0 and 1, divided by survival mean’s value) in order to estimate selection gradients for ectoparasite load (lice intensity), body condition and personality (i.e. repeatable behavioral traits) (Lande and Arnold, 1983). We calculated an individual’s average for personality traits, lice intensity and body condition, and employed them, along with percentage of entrances and squirrel age, as covariates in a linear regression with relative survival as dependent variable. Sex was used as a fixed factor. We mean-centered and standardized to units of one standard deviation all independent variables except sex. 
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Results
Trapping, ectoparasite load quantification and body condition 
We captured a total of 24 male and 25 female squirrels across the three study sites. Neohaematopinus pectinifer mean intensity per individual was 16.64 ± 9.68, whereas mean body condition was 241.58 ± 21.12. 
Behavioral tests: “exploration-avoidance”, “shyness-boldness” and “escape speed” 
Breath rate, open field entrance and escape speed were all three repeatable; i.e. a great proportion of both variables variation was related to consistent differences among individuals (LMMs and GLMMs for repeatability: breath rate, 17.44 ± 3.57 breaths/10s, radj = 0.35, CI = 0.17 – 0.56, p < 0.001; open field entrance, radj = 0.35, CI = 0.02 – 0.97, p = 0.007; escape speed, 3.46 ± 0.84 m/s, radj = 0.51, CI = 0.32 – 0.69, p < 0.001) (See Table 1 for numbers of individuals assessed for each behavioral trait). Breath rate was influenced by sex (females had a higher breath rate than males; Table 2) whereas both individual’s open field entrance and escape speed were independent from all predictors included in the model (Table 2). A total of 31 squirrels never entered the open field arena, whereas 18 squirrels entered at least once. 
Behavioral syndrome and pace-of-life syndrome
We found open field entrance and escape speed were negatively correlated at the between-individual level (Table 3) and breath rate was positively correlated to body condition at the within-individual level (Table 3). No between-individual covariance was found between personality traits and lice intensity or body condition (Table 3). Breath rate was higher for females than males (Table 4), whereas open field entrance, escape speed, lice intensity and body condition were unaffected by sex (Table 4).  
Survival
Average lifespan of the population was 1.40 ± 0.55 years. After 82 fieldwork days and 524.38 hours of trap effort, 12 males (57.14%) and 14 females (56.00%) were seen alive between November 2016 and March 2017. We discarded in our analysis two additional males captured in 2015 as they potentially came from neighboring populations. We found relative survival was unaffected by breath rate, escape speed, body condition, lice intensity, sex, and age (Table 5). However, we found a significant and positive selection gradient on percentage entrance (Table 5); relative survival was higher for individuals with higher percentage of entrances.
DISCUSSION
Consistency of behavioral differences among individuals 
Consistency over time and across contexts is a central concept in animal personality (Sih et al. 2004a, b, 2012). We detected consistent inter-individual differences in three out of the four behavioral traits measured (breath rate, escape speed and open field entrance), thus providing the first evidence of personality in A. getulus. Breath rate during handling is commonly used as a boldness proxy and thus consistent inter-individual variability for this trait has already been described in many species (Boon et al. 2007; Kluen et al. 2014; Hall et al. 2015). Yet, previous studies in other species have explicitly questioned the use of breath rate as a behavioral trait reflecting individuals’ boldness, suggesting its evaluation during handling may reveal an individual’s physiology instead of behavioral reaction to risk (David et al. 2012). Although we initially decided to use breath rate as a behavioral trait, we found females had higher breath rate than males. Considering breath rate is tightly coupled with metabolic rate and oxygen consumption (Mortola and Lanthier 2005; David et al. 2012; Haigh et al. 2017b), both of which have been reported to be higher for females in other rodent species (Perez et al. 1980), we suggest, in a similar way to David et al. 2012 for birds, that breath rate reflects more appropriately physiological variation among individuals in mammal species too (Ferrari et al. 2013). Consistent individual differences were also found for open field entrance, suggesting an individual’s willingness to expose themselves to risk was consistent over time (Perals et al. 2017). However, in contrast with previous research using open field tests on other species (Perals et al. 2017), a large proportion of individuals failed to enter the open field arena, precluding us from properly estimating exploration time repeatability. A potential explanation for this result could be capture stress, as squirrels were tested in the open field test shortly after capture. Previous research conducted on different species, allowed individuals to acclimatize for as much a two days before submitting them to behavioral trials (Perals et al. 2017). Nonetheless, in our study, all individuals were considerably habituated to trapping and handling, suggesting that a habituation period of 5 min should have been enough to prevent capture stress biasing their behavior. Furthermore, the confinement of the squirrels for an extended period was not feasible in our study without incurring considerable stress and heatstroke risk, due to high ambient temperatures and the poor thermoregulatory abilities of the species (Machado and Domínguez 1982). Finally, escape speed repeatability indicates that squirrels behavior across trials were consistent, which is in line with previous research in other species (Oufiero and Garland 2009; Blumstein et al. 2010; Marras et al. 2011; Cabrera et al. 2017). A large part of the variation detected in escape speed in A. getulus was caused by consistent inter-individual differences, despite the expectation that escape would be under strong selective pressures that should decrease variability (Schulte-Hostedde and Millar 2002; Husak 2006a, b). 
Behavioral syndrome and pace-of-life syndromes
Bolder individuals are assumed to have less efficient antipredator strategies and, thus, suffer from higher predation risk (Biro and Stamps 2008; Carter et al. 2010). In the present study, we found breath rate was unrelated to open field entrance or escape speed at the between-individual level, despite a negative relationship was found between the latter. Breath rate during handling has been repeatedly reported to correlate with personality traits in several species (Carere and van Oers 2004; Šimková et al. 2017), including mammals (Boon et al. 2007; Montiglio et al. 2012; Ferrari et al. 2013). Consequently, breath rate is commonly referred to as a risk-related behavioral trait (Hall et al. 2015; Haigh et al. 2017b). Nonetheless, the use of breath rate during handling as a behavioral trait has been recently disputed in bird species (David et al. 2012), and is now frequently used as a predictor of individuals’ physiological status, rather than a proxy of boldness (Krams et al. 2014; Dubuc-Messier et al. 2017). Yet, such questioning has not been addressed for other taxonomical groups (e.g. mammals). In the light of such discrepancy, our results (i.e. the above-mentioned intersexual differences in breath rate and the lack of relationship with open field entrance and escape speed), reinforce the interpretation of breath rate as a physiological trait, which can be potentially correlated with behavior. Taking into account that stress induces an increase in metabolic rate (Haigh et al. 2017a, b), potentially detectable as an increase in breath rate, it would be potentially more informative of an individual’s boldness to use a differential between breath rate under risk and an individual’s basal rate. Our interpretation of breath rate seems even more plausible considering we found a relationship between shyness-boldness and escape speed; escape speed was related to open field entrance at the between-individual level, suggesting the existence of a behavioral syndrome in A. getulus (Dingemanse et al. 2012; Dingemanse and Dochterman 2013). As a negative relationship between boldness and antipredator response efficiency is supported in the literature (Biro and Stamps 2008; Jones and Godin 2010; Rodríguez-Prieto et al. 2011; Rödel et al. 2014), our results agree with previous research (Boon et al. 2008; Jones and Godin 2010; Rödel et al. 2014). 
We found no relationship between parasite infection, body condition and personality (i.e. boldness-shyness and escape speed). Parasite loads are known to incur heavy energy requirements and metabolic rate increases for hosts (Khokhlova et al. 2002; Careau et al. 2010), and parasites are actually considered a strong selective force shaping animal personality (Boon et al. 2008; Barber and Dingemanse 2010; Ezenwa et al. 2016). Yet invasive species are frequently released from their parasites in terms of diversity and prevalence (Torchin et al. 2003). Previous research on A. getulus found that individuals from Fuerteventura are less parasitized compared to individuals from the native range (López-Darias 2007; López-Darias et al. 2008). Consequently, the lack of association between parasite infection, body condition and personality traits in this species may be due to the reduced energy allocation required by a low parasite load. Thus, one major cost of a fast pace-of-life syndrome may be lacking in the introduced population of A. getulus. Nonetheless, we performed our study over a relatively short period of the year. We measured N. pectinifer intensity during the non-breeding season, when individuals were sleeping together in communal burrows. Social species such as A. getulus are able to control ectoparasite loads through grooming and allogrooming (Altizer et al. 2003; Hillegass et al. 2008), especially at the time of this study. Moreover, patterns of infection within a population are known to vary over time because of fluctuations in androgen concentrations and differences in spatial and burrowing behavior among individuals (Krasnov et al. 2005; Careau et al. 2010; Kiffner et al. 2013).  
Individuals with fast pace-of-life (i.e. more explorative and bolder individuals) are expected to perform better than less explorative and shyer individuals when resources are scarce (Dingemanse et al. 2004; Le Coeur et al. 2015). Yet, we did not find any relationship between body condition and any of the behavioral traits considered in this study at between-individual level, although body condition was positively related to breath rate at within-individual level. Considering that with the exception of survival, we conducted our research right after summer, when some of the resources used by this species are at their lowest on Fuerteventura (López-Darias and Nogales 2008), the absence of a relationship between personality and body condition is an unexpected result. Nonetheless, the study area contained both natural and introduced plant species, including Opuntia species, which provide nutritional resources (e.g. fruits) when natural conditions on the island are impoverished (López-Darias and Nogales 2008). In addition, A. getulus is an omnivorous species able to exploit multiple nutritional resources, including native mollusks (Machado and Domínguez 1982; López-Darias 2007; López-Darias and Nogales 2008). Consequently, strong differences in body condition between individuals with different pace-of-life may be masked or non-existent due to the continuous food supply provided by native and alien species. On the other hand, the positive relationship we found between body condition and breath rate is in line with previous research in other species, relating breath rate to physiology instead of behavior (David et al. 2012). Thus, this result provides further support to our interpretation on the inappropriateness of breath rate to assess an individual’s boldness (see above).  
Survival chances and behavior
Survival was unrelated to lice intensity, body condition, breath rate or escape speed. However, unexpectedly, we found a positive selection gradient for percentage of entrances, i.e. the likelihood of survival was higher for bolder individuals. This result is particularly interesting as boldness was negatively related to antipredator behavior (i.e. escape speed), which is known to incur survival costs in other terrestrial species (Husak 2006a, b). Personality traits associated to fast pace-of-life (i.e. activity, boldness and explorative behavior) are assumed to incur reduced survival chances for individuals (Smith and Blumstein 2007; Boon et al. 2008; Réale et al. 2010). However, the relationship between fitness and personality is complex (Smith and Blumstein 2007; Bijleveld et al. 2014) and highly context-dependent (Dingemanse et al. 2004; Réale et al. 2010; Le Coeur et al. 2015). Such a surprising result may be related to the invasive species status and specific ecological conditions of this species.  Although no empirical study has attempted to compare predation pressure in A. getulus in their native and introduced ranges, the number of species preying on the squirrels is much higher in its native range compared to its introduced habitat (López-Darias 2007). This reduction in the number of predators has most likely reduced predation pressure and may have led to a major ecological release for bolder individuals. 
Concluding remarks and future avenues
Our study suggests a behavioral syndrome exists in A. getulus that links boldness and antipredator behavior (i.e. escape speed). However, no relationship seems to exist between personality and parasite loads, probably due to lower parasite diversity and abundance in the invasive population. The resulting reduction in energy necessary to deal with infection, together with a broad generalist diet that can exploit year-round resources, may have led to diminished inter-individual differences in body condition. The release from major ecological constraints has potentially allowed individuals with a fast pace-of-life to perform better than their relatives with a slow pace-of-life. Our study provides the first evidence in our knowledge, of how personality is related to parasitism and survival in an established invasive species, suggesting that the positive relationship between fitness and personality traits associated with a fast pace-of-life are not only present in early stages of biological invasions but may also persist in post-establishment phases of biological invasions. Yet, it is important to point out that little is known about the biology of A. getulus, particularly the ecological and behavioral biology of native populations. Previous research has pointed out pace-of-life syndromes may also be absent in non-invasive species (Le Galliard et al. 2015; Závorka et al. 2015). Consequently, research on the relationship between parasites, body condition, personality and fitness in the native populations of A. getulus would clarify if the absence of a pace-of-life syndrome is inherent to the species or just in the invasive population. The specific ecological conditions related to the success of an invasive species have rarely been used to test assumptions about animal personality. Our study poses an intriguing scenario for evolutionary research based on animal personality. Indeed, the fitness consequences of personality traits are a central idea of evolutionary theories of animal personality (Kight et al. 2013). Yet, despite the tremendous interest devoted to animal personality, our understanding of the causes underlying phenotypic differences is still limited. A combination of invasive species biology and animal personality research may help to solve some of the mysteries surrounding animal personality while increasing our understanding of a major conservation concern.
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[bookmark: _Ref493621560]Table 1 Number of individuals of each sex of A. getulus used in each behavioral test (N1), and by trial repetition (N2, N3, N4, N5)

	Behavioral tests
	Sex
	N1
	N2
	N3
	N4
	N5

	Breath rate
	Males
	24
	15
	11
	5
	1

	
	Females
	25
	21
	18
	9
	2

	Open field tests
	Males
	24
	16
	11
	-
	-

	
	Females
	25
	22
	18
	-
	-

	Escape trials
	Males
	23
	12
	9
	5
	-

	
	Females
	25
	20
	18
	6
	-






21

	Fixed factors / covariates
	Breath rate
	
	
	Open field entrance
	
	
	Escape speed

	
	β
	(95% CI)
	
	
	β
	(95% CI)
	
	
	β
	(95% CI)

	Intercept
	3.62
	(3.06, 4.18)
	
	
	-2.21
	(-6.97, 2.54)
	
	
	1.94
	(1.66, 2.22)

	Sex (females)
	0.27
	(0.07, 0.45)
	
	
	0.11
	(-1.39, 1,61)
	
	
	-0.07
	(-0.18, 0.04)

	Time of the day
	0.03
	(-0.01, 0.06)
	
	
	0.02
	(-0.29, 0.32)
	
	
	<-0.01
	(-0.02, 0.01)

	Trial repetition (2)
	0.07
	(-0.07, 0.22)
	
	
	-0.23
	(-1.59, 1.13)
	
	
	<-0.01
	(-0.08, 0.07)

	Trial repetition (3)
	-0.05
	(-0.21, 0.11)
	
	
	0.76
	(-0.03, 2.95)
	
	
	0.05
	(-0.02, 0.13)

	Trial repetition (4)
	<-0.01
	(-0.22, 0.21)
	
	
	-
	-
	
	-
	<0.01
	(-0.11, 0.11)

	Trial repetition (5)
	-0.03
	(-0.46, 0.39)
	
	
	-
	-
	
	-
	-
	-


[bookmark: _Ref493621537]Table 2 Estimates (β) of predictors with 95% confidence intervals (95% CI) of fixed factors and covariates included in linear mixed models for breath rate and escape speed, and generalized mixed models for open field entrance and exploration time for A. getulus. Significant results are indicated in bold



Table 3 Effects of fixed factors employed in generalized linear mixed model with Monte Carlo Markov Chain (MCMC-GLMM) on the breath rate, open field entrance, escape speed, lice intensity and body condition of individual A. getulus. Posterior estimated effects (β) are shown as well as 95% confidence intervals (95% CI) and estimated p-values (p). Significant results are indicated in bold
	Traits
	Fixed factors / covariates
	β
	(95% CI)
	p

	Breath rate
	Intercept
	-0.29
	(-0.690, 0.058)
	0.121

	
	Sex (females)
	0.56
	(0.069, 1.056)
	0.023

	Open field entrance
	Intercept
	-2.08
	(-3.671, -0.483)
	0.001

	
	Sex (females)
	-0.30
	(-2.207, 1.698)
	0.754

	Escape speed
	Intercept
	0.12
	(-0.265, 0.542)
	0.558

	
	Sex (females)
	-0.24
	(-0.805, 0.302)
	0.393

	Lice intensity
	Intercept
	0.15
	(-0.180, 0.515)
	0.414

	
	Sex (females)
	-0.28
	(-0.806, 0.181
	0.238

	Body condition
	Intercept
	0.09
	(-0.312, 0.501)
	0.654

	
	Sex (females)
	-0.21
	(-0.732, 0.371)
	0.458



[bookmark: _Ref493621843]Table 4 Between-individual and within-individual covariance in A. getulus in lice intensity, body condition, breath rate, open field entrance and escape speed extracted from a generalized linear mixed model with Monte Carlo Markov Chain (MCMC-GLMM). Estimated means (covariance) are shown in each case, along with 95% confidence intervals (95% CI). Significant results are indicated in bold




	Trait 1
	Trait 2
	Covariance
	(95% CI)

	Between-individual covariance

	Breath rate
	Open field entrance
	0.11
	(-0.294, 0.587)

	
	Escape speed
	-0.04
	(-0.412, 0.361)

	
	Lice intensity
	-0.02
	(-0.418, 0.362)

	
	Body condition
	0.11
	(-0.262, 0.486)

	Open field entrance
	Escape speed
	-0.44
	(-0.808, -0.075)

	
	Lice intensity
	0.17
	(-0.215, 0.601)

	
	Body condition
	-0.17
	(-0.571, 0.276)

	Escape speed
	Lice intensity
	-0.07
	(-0.425, 0.336)

	
	Body condition
	-0.09
	(-0.438, 0.266)

	Lice intensity
	Body condition
	-0.10
	(-0.492, 0.246)

	Within-individual covariance

	Breath rate
	Open field entrance
	0.05
	(-0.429, 0.505)

	
	Escape speed
	-0.22
	(-0.445, 0.019)

	
	Lice intensity 
	0.03
	(-0.175, 0.238)

	
	Body condition
	0.24
	(0.039, 0.416)

	Open field entrance
	Escape speed
	0.03
	(-0.421, 0.454)

	
	Lice intensity
	-0.21
	(-0.631,0.233)

	
	Body condition
	0.03
	(-0.402, 0.477)

	Escape speed
	Lice intensity 
	-0.03
	(-0.235, 0.182)

	
	Body condition
	-0.15
	(-0.379, 0.080)

	Lice intensity
	Body condition
	0.08
	(-0.098, 0.258)







[bookmark: _Ref493259970]Table 5 Influence of body condition, lice intensity and personality on survival of  A. getulus extracted from a Lande-Arnold’s analysis. Body condition, lice intensity, breath rate and escape speed were all averaged per individual and included as covariate along with percentage entrance and age, whereas sex was employed as fixed factor. Predictor estimates (β) are shown with standard errors (SE) and p-values. Significant results are indicated in bold
	Predictors
	β ± SE
	p

	Intercept
	0.97
	<0.001

	Breath rate
	0.14
	0.419

	Escape speed
	0.17
	0.267

	Body condition 
	-0.04
	0.793

	Lice intensity
	0.06
	0.686

	Percentage of entrances
	0.30
	0.049

	Age
	-0.11
	0.492

	Sex (females)
	0.02
	0.944



