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INTRODUCTION

Human induced environmental change is a worldwide phenomenon taking place at an unprecedented rate. These changes include habitat degradation, climate change, increased presence of invasive species, pollution, and over-exploitation of resources, and affect biodiversity in a pervasive way [START_REF] Pelletier | Will human influences on evolutionary dynamics in the wild pervade the Anthropocene[END_REF]. All species living on our planet have faced environmental changes during their past evolutionary history, yet the present extent and rate of human-induced alterations represent unprecedented novel challenges. Although a wide range of traits can be concerned, the first response of animals towards rapid environmental changes often implies behavioural shifts on a multitude of facets in response to different stimuli (reviewed in [START_REF] Tuomainen | Behavioural responses to human-induced environmental change[END_REF]. For instance, behavioural shifts can affect foraging strategies, mating success, or predator avoidance behaviours [START_REF] Lowry | Behavioural responses of wildlife to urban environments[END_REF], hence are closely linked to individual fitness. Consequently, behaviour is pervasively considered as a crucial factor determining how animals cope with environmental changes and new selective pressures [START_REF] Baldwin | A new factor in evolution[END_REF][START_REF] Mayr | Animal species and evolution[END_REF]. In addition to behaviour, traits that are related to stress responses may play an equally important role in wild animal tolerance and adaptation to human-induced environmental changes. Indeed, anthropogenic environmental change often results in highly altered new habitats with high levels of perturbation [START_REF] Sih | Evolution and behavioural responses to humaninduced rapid environmental change[END_REF] and living in such habitats might thus require higher stress tolerance or else induce higher levels of chronic stress that can have deleterious effects on fitness. For instance, vertebrates can cope with environmental challenges by way of activation of the HPA axis which regulates the secretion of glucocorticoid hormones [START_REF] Sapolsky | How Do Glucocorticoids Influence Stress Responses? Integrating Permissive, Suppressive, Stimulatory, and Preparative Actions*[END_REF]. However, while some acute stress response occurring immediately after exposure to a stress stimuli (e.g. acute release of glucocorticoid) can promote survival [START_REF] Landys | Actions of glucocorticoids at a seasonal baseline as compared to stress-related levels in the regulation of periodic life processes[END_REF][START_REF] Wingfield | Control of physiological and behavioral responses to capricious environments[END_REF], prolonged or repeated exposure to stressors can induce chronic stress that greatly impact fitness [START_REF] French | Corticosterone modulation of reproductive and immune systems trade-offs in female tree lizards: Long-term corticosterone manipulations via injectable gelling material[END_REF][START_REF] Lendvai | Reproduction and modulation of the stress response: an experimental test in the house sparrow[END_REF]. Hence, a shift in how organisms handle acute and/or chronic stressors could be of major importance in facilitating adaptation to novel environmental stressors.

Urbanization is one of the most extreme human induced environmental change for biodiversity [START_REF] Newbold | Global effects of land use on local terrestrial biodiversity[END_REF]. Urbanized areas combine multiple perturbations on relatively limited areas of land, including deforestation, fragmentation, artificialization, pollutions and high level of human disturbance [START_REF] Grimm | Global Change and the Ecology of Cities[END_REF]. While some species are unable to persist in these deeply modified habitats, others manage to tolerate the new conditions or even to thrive on the new resources.

Behavioural plasticity has been identified as a key predictor of the successfulness of a species in urban habitats, in particular the capacity to innovate when facing new opportunities [START_REF] Lowry | Behavioural responses of wildlife to urban environments[END_REF]. Furthermore, at an intra-specific level, some behavioural profiles (also referred as personalities, coping styles or temperament, [START_REF] Réale | Integrating animal temperament within ecology and evolution[END_REF]) can be better suited to cope with novel environmental challenges than others. In particular, is has been suggested that bolder, more exploratory and more aggressive individuals are particularly well suited to the urban habitat [START_REF] Møller | Flight distance of urban birds, predation, and selection for urban life[END_REF]. In line with these hypotheses, numerous studies in mammals and birds have found that urban individuals indeed, displayed on average bolder [START_REF] Evans | Behavioural Syndromes in Urban and Rural Populations of Song Sparrows[END_REF][START_REF] Prosser | Effects of Urbanization on Behavior, Performance, and Morphology of the Garden Skink, Lampropholis guichenoti[END_REF][START_REF] Uchida | Seasonal variation of flight initiation distance in Eurasian red squirrels in urban versus rural habitat[END_REF], less careful [START_REF] Chapman | Behavioural correlates of urbanisation in the Cape ground squirrel Xerus inauris[END_REF], more exploratory [START_REF] Martin | Animal temperament and human disturbance: Implications for the response of wildlife to tourism[END_REF], and more aggressive [START_REF] Evans | Behavioural Syndromes in Urban and Rural Populations of Song Sparrows[END_REF][START_REF] Scales | Behavioral Syndromes Break Down in Urban Song Sparrow Populations[END_REF] behaviours than their forest counterparts. Regarding stress-related traits (i.e. traits reflecting a physiological response to stress), patterns of responses are less consistent across species and traits [START_REF] Sepp | A review of urban impacts on avian life-history evolution: Does city living lead to slower pace of life?[END_REF]. Indeed, some studies found higher (e.g. [START_REF] Torné-Noguera | Great Tit (Parus major) breath rate in response to handling stress: urban and forest birds differ[END_REF], lower (e.g. [START_REF] Abolins-Abols | Effect of acute stressor on reproductive behavior differs between urban and rural birds[END_REF] or equal (e.g. [START_REF] Senar | Urban Great Tits (Parus major) Show Higher Distress Calling and Pecking Rates than Rural Birds across Europe[END_REF]) levels of acute response (using breath rate as a proxy) to an induced stress in urban individuals, and this is also the case for other measures of stress response (heterocytes to lymphocytes ratio: [START_REF] Powell | Body Condition and Chronic stress in Urban and Rural Noisy Miners[END_REF]basal corticosterone level: Fokidis et al., 2009;[START_REF] Sepp | A review of urban impacts on avian life-history evolution: Does city living lead to slower pace of life?[END_REF].

Despite numerous evidence in vertebrates for divergence in behavioural traits and stress responses between urban and rural populations, little is known about the evolutionary implications of such urban-linked shifts (but see [START_REF] Lambert | Adaptive Evolution in Cities: Progress and Misconceptions[END_REF], Table 1 for a list of studies "suggesting" behavioural adaptations to urbanization). In particular, to our knowledge no study ever investigated if urban linked shifts in aggressiveness and exploration behaviour or in breath rate, emerged in response to habitat specific selective pressures, even though they are largely assumed adaptive in the urban habitat (e.g. [START_REF] Lowry | Behavioural responses of wildlife to urban environments[END_REF]. Behavioural particularities observed in urban habitats could result from adaptive responses to new environmental conditions, such as accepting new food resources or avoiding human disturbance, but they also could be maladaptive and not confer any advantage to individuals. The majority of urban environmental conditions are relatively recent compared to environmental conditions experienced during a species evolutionary history. As a result, phenotypic reaction norms of individuals might not be suited respond in an optimal way to these environmental conditions that were never encountered during species evolutionary histories, and shifts might result in maladaptation [START_REF] Sih | Understanding variation in behavioural responses to human-induced rapid environmental change: A conceptual overview[END_REF][START_REF] Tuomainen | Behavioural responses to human-induced environmental change[END_REF]. In addition, in such artificial environments cues exploited could be decoupled from the true quality, reinforcing these maladaptive responses (potentially leading to ecological/evolutionary traps, [START_REF] Demeyrier | Experimental demonstration of an ecological trap for a wild bird in a human-transformed environment[END_REF]. Maladaptive responses might be particularly common for stress-related traits in urban dwellers. For instance, in waterbirds, fear of humans perceived as predators can result in temporary or permanent desertion of the nest that can heavily impact individual fitness [START_REF] Carney | A review of human disturbance effects on nesting colonial waterbirds[END_REF]. In the current context of ongoing massive erosion of biodiversity, it is now more than ever necessary to understand demographic and evolutionary dynamics associated with these phenotypic shifts.

Our study takes place in a context where differences in behaviour and stress response between urban and forest populations have been previously reported for the focal species, but where eco-evolutionary implications of these differences remain mostly speculative. Our main objective is to understand to which extent urban shifts in behavioural and stress-related traits are adaptive. In this study, we focus on three personality traits: handling aggression, exploration behaviour and breath rate under constraint.

Handling aggression reflects aggressive behaviour in response to manipulation by humans and distress behaviour [START_REF] Senar | Urban Great Tits (Parus major) Show Higher Distress Calling and Pecking Rates than Rural Birds across Europe[END_REF]. Exploratory behaviour measures how individuals explore a novel environment and is often used as a proxy for risk-taking behaviour (e.g. [START_REF] Nicolaus | Experimental evidence for adaptive personalities in a wild passerine bird[END_REF]. Breath rate is a non-invasive measure of primary stress response whereby rapid breath rate is indicative of higher stress response [START_REF] Carere | Shy and bold great tits (Parus major): body temperature and breath rate in response to handling stress[END_REF][START_REF] Krams | Sex-Specific Associations Between Nest Defence, Exploration and Breathing Rate in Breeding Pied Flycatchers[END_REF]. These three traits are expected to be correlated with each other following the pace-of-life syndrome hypothesis postulating that personality and physiological traits might have coevolved with life history traits [START_REF] Réale | Personality and the emergence of the pace-of-life syndrome concept at the population level[END_REF].

Individuals are positioned along a slow-fast pace-of-life gradient with fast individuals (displaying higher aggressiveness, more exploratory behaviour and higher breath rate) at one end and slow individuals (displaying lower aggressiveness, lower exploratory behaviour and lower breath rate) at the other.

Using a pair of forest and urban populations of great tits (Parus major), we first quantified divergence between urban and forest birds for the three studied traits and estimated survival in each habitat using Capture-Mark-Recapture (CMR) models. Since the focal traits can display between-individual covariance among behavioursand thereby form so called "behavioural syndromes" [START_REF] Sih | Behavioral syndromes: an ecological and evolutionary overview[END_REF])we also investigated correlations between each pair of traits. We subsequently performed selection analyses to determine whether phenotypic divergences were aligned with patterns of ongoing linear and quadratic selection in each habitat. Since personality traits might both affect reproduction and survival and not necessarily in the same direction [START_REF] Dingemanse | Natural selection and animal personality[END_REF][START_REF] Smith | Fitness consequences of personality: a meta-analysis[END_REF], we performed selection analyses using both survival (controlling for imperfect recapture rates using capture-mark-recapture modelling) and reproductive success as fitness proxies. Based on previously reported results (see above), we predicted that urban birds would be more aggressive, more exploratory and have a higher breath rate under constraint compared to forest birds. Following mainstream theories on urban behavioural adaptation (e.g. [START_REF] Lowry | Behavioural responses of wildlife to urban environments[END_REF], we also predicted that high aggressiveness and more exploratory behaviour would be under positivedirectionalselection in the urban habitat, but not higher breath rate.

MATERIAL AND METHODS

Data collection

Population monitoring

A pair of forest and urban populations of great tits (Parus major) were monitored during the breeding period in two study sites in France. The forest of La Rouvière (43° 40' N, 3° 40' E) is a Mediterranean forest dominated by downy oaks (Quercus pubescens), and with 10% of holm oaks (Quercus ilex), located ca. 20km North-West of Montpellier city. Since 1991, great tit breeding events in nest-boxes have been monitored in this forest. Nest-box number has fluctuated between 51 and 92 across years. In the city of Montpellier (43° 36' N, 3° 52' E) 203 to 223 nest-boxes placed both in urban parks and on streets, have been monitored since 2012 with similar protocols as in the forest. For detailed maps of nest-box positions see Fig. S1.

During the breeding season, nest-boxes were visited at least weekly, to record brood development from nest building to fledging, providing records of reproductive success for each pair. Adults were captured inside nest-boxes when feeding 9 to 15 days old nestlings, measured and ringed with unique metal rings provided by the French CRBPO. Nestlings were measured and ringed at 15 days old (for more details on monitoring protocol see [START_REF] Caizergues | Urban versus forest ecotypes are not explained by divergent reproductive selection[END_REF].

All experimental protocols were approved by the local ethics committee for animal experimentation of Languedoc Roussillon (CEEA-LR, 05/06/2018) and regional institutions (bylaw issued by the Prefecture n°2012167-003). Captures were performed under personal ringing permits delivered by the CRBPO (Centre de Recherche par le Baguage des Populations d'Oiseaux) for the Research Ringing Program number 369.

Behavioural assays

While breeding monitoring and chick ringing started in 2012 in the city, parental captures started in 2013, and behavioural trials were performed from 2014 onwards. In this study, the last year of data included in the analyses is 2019. Following a parent capture in a nest-box, each breeding bird was submitted to this sequence of events: it was scored for handling aggression, isolated in a cloth bag for 5 minutes (resting), measured for breath rate, kept in an acclimatization compartment adjacent to the main open-field cage, scored for exploration rate in the open-field during 4 minutes, extracted from the open-field cage, ringed (if not already ringed) and measured for morphological traits. Time between capture and release took on average 20 min, and in any case always less than 30 min. S1). The bird was handled with one hand by the capturer; while facing outward from the manipulator it was nagged at with a finger of the other hand (see Fig. S2A) following a standard procedure. After 15s of observation the capturer attributed a handling aggression score ranging from 0 (unreactive bird) to 3 (aggressive bird striking the handler each time and spreading its wings and tail) with increments of 0.5 (see detailed scoring in Supplementary Materials Table S1, [START_REF] Charmantier | Urbanization Is Associated with Divergence in Pace-of-Life in Great Tits[END_REF]; note that the link between HA and aggressive behaviour in nature requires further exploration). Right after the HA test, the bird was put to rest in a cloth bag.

Second, after 5 minutes of resting, the bird was removed from the cloth bag, held still on its back by the handler (see Fig. S2B) who counted its breath rate. From 2013 to 2016 breath rate was estimated as the number of chest moves during 30s, while since 2017 the protocol was updated to measure the time to complete 30 chest moves. Measures from 2013-2016 were thus converted to approximate the time needed to complete 30 chests move to obtain the same scale measures. Each count was replicated twice and the handling breath rate was averaged over the two measures. The protocol had a small but significant effect on the breath rate measure (see Appendix 1) and was thus taken into account in the analyses by using residuals of the regression between breath rate and protocol, hereafter referred as Breath Rate Index (BRI). Breath rate is often used as a proxy of acute stress response [START_REF] Carere | Shy and bold great tits (Parus major): body temperature and breath rate in response to handling stress[END_REF][START_REF] Krams | Sex-Specific Associations Between Nest Defence, Exploration and Breathing Rate in Breeding Pied Flycatchers[END_REF] whereby a smaller breath rate index (hence higher breath rate) reflects a stronger stress response.

Third, the bird was submitted to a "novel environment" test using an experimental open field cage built following Stuber and collaborators (2013; see Fig. S3). This experiment is classically used to estimate exploration behaviour in great and blue tits [START_REF] Dubuc-Messier | Environmental heterogeneity and population differences in blue tits personality traits[END_REF][START_REF] Stuber | Slow explorers take less risk: a problem of sampling bias in ecological studies[END_REF].

After measuring breath rate, the bird was placed in an acclimatization compartment right next to the main open-field cage (Fig. S3B, 3) for 2 minutes before being released in the exploration room (Fig. S3B,1). The bird's behaviour was recorded for 4 minutes. Videos were analysed with the software BORIS [START_REF] Friard | BORIS : a free, versatile opensource event-logging software for video/audio coding and live observations[END_REF] to count the number of flights and hops during the 4 minutes. The number of flights and hops r-squared transformed was used as a proxy of exploratory behaviour, hereafter called exploration score (ES), following previous studies [START_REF] Dingemanse | Repeatability and heritability of exploratory behaviour in great tits from the wild[END_REF].

Statistical analyses

Data analyses were performed in four steps: [START_REF] Core | R: A language and environment for statistical computing[END_REF] quantifying repeatabilities, between trait correlations and phenotypic divergence between forest and urban great tits for the three traits of interest; (2) estimating habitat-specific survival probability; and finally estimating the strength and direction of selection on the three studied traits via (3) reproductive success and (4) survival. Analyses of phenotypic divergence and reproductive selection analyses were performed using R software (R Core Team 2018). Selection analyses via survival were performed using E-SURGE (Choquet et al. 2009).

Phenotypic divergence, repeatability and between-individual correlations

Differences between urban and forest great tits in the three behavioural traits described above (HA, BRI, ES) were explored using linear mixed models (R package lme4, [START_REF] Bates | Fitting Linear Mixed-Effects Models Using lme4[END_REF]. Fixed effects for the full model included: habitat (forest versus urban), year (categorical variable), sex, age (one year old (=yearling) versus 2+ years old (=adult)), rank of capture (i.e. how many times the focal bird was captured until the current capture, ranges from 1 (for first capture) to 6) and air temperature, as well as habitat by year and habitat by sex interactions. For BRI, body mass and hour of the day were also included in the full model since they are known to be highly linked with metabolism. Individual ring number was included as random effect to account for the non-independence of repeated individual measures, and manipulator identity was also included as random effect for handling aggression and breath rate models.

Model selection was performed using the dredge() function from the MuMIn R package (v1.43.17, Barton 2020) : starting from the complete model all possible models combining fixed effects were automatically run and ranked based on their quasi Akaike criterion corrected for sample size (AICc).

Model averaging of the best models (ΔAICc<2) where performed to obtain average estimate for each effect using the model.avg() function.

Repeatability of each trait was estimated using the rpt() function from the rptR R package [START_REF] Stoffel | rptR: repeatability estimation and variance decomposition by generalized linear mixed-effects models[END_REF], with the best linear mixed model selected using the process described above.

To test for an association between traits forming a "syndrome" we estimated betweenindividual correlations across the three focal traits [START_REF] Dingemanse | Criteria for acceptable studies of animal personality and behavioural syndromes[END_REF] in each habitat. To measure the strength of a syndrome, it is important to correct for within-individual correlation or other sources of association between traits when estimating between-trait correlations [START_REF] Cleasby | Quantifying the predictability of behaviour: Statistical approaches for the study of between-individual variation in the within-individual variance[END_REF].

Hence, we estimated between-individual correlations using bivariate linear mixed models [START_REF] Dingemanse | A method for exploring the structure of behavioural syndromes to allow formal comparison within and between data sets[END_REF]) computed with MCMCglmm [START_REF] Hadfield | MCMC methods for multi-response generalized linear mixed models: The MCMCglmm R package[END_REF] and following [START_REF] Ferrari | Testing for the presence of coping styles in a wild mammal[END_REF]. Models included two of the traits as variable responses, significant fixed effects that were present in the best models selected in the between-habitat divergence test described above, as explanatory variables, and individual ID as random effect. These models allowed to estimate the variance of each trait and the covariance between two traits '1' and '2', and to decompose (co)variances into individual (V I1 , V I2 and Cov I1,2 ), and residual (V R1 , V R2 and Cov R1,2 ) (co)variance components for the random intercepts. Correlations between two traits were calculated as Cov X1,2 /√(V X1 × V X2 ) [START_REF] Dingemanse | Quantifying individual variation in behaviour: mixed-effect modelling approaches[END_REF], where X represents the component analysed (between-individual or residual) (for detailed protocol see Appendix 2).

Hence, we calculated two types of correlations. First, the between-individual correlation, R I1,2 , represents effects responsible for the consistency in the correlation between the two traits across individuals and over time; strong R I1,2 across the three traits would be indicative of a behavioural syndrome. Second, the residual correlation R R1,2 represents the within-individual correlation influenced by the traits' phenotypic plasticity of the trait across an individual's lifetime, as well as by trade-off between traits [START_REF] Dingemanse | Quantifying individual variation in behaviour: mixed-effect modelling approaches[END_REF]. Finally, as it is usually reported in studies of behavioural syndrome, we calculated the total phenotypic correlation between each pair of traits to allow comparison with previous studies.

Analyses of survival

Based on capture-recapture data collected during 7 breeding seasons (2013-2019), we estimated individual survival and recapture probabilities across habitats (urban versus forest), ages (yearling vs. adult) and sexes following [START_REF] Lebreton | Modeling survival and testing biological hypotheses using marked animals: a unified approach with case studies[END_REF]. Survival analyses were performed using a capturemark-recapture (CMR) framework with the E-SURGE software. This framework is based on individual histories of capture (i.e. series of '1' and '0' indicating whether a focal bird was (re)captured or not each year) from which is estimated a survival probability () while taking into account imperfect detectability estimated via a recapture probability (p). Prior to fitting the CMR model, we tested whether the data met the Cormack-Jolly-Seber's (CJS) assumptions (homogeneity of capture and survival probabilities and independence between individuals), and tested for overdispersion with the goodness-of-fit tests using U-CARE (v2.3.2, Choquet et al. 2009). We initially tested for a time (i.e. year) effect on survival () and recapture (p) probabilities, but since it was never retained in the best models, it was removed early on during analyses in order to limit overparametrization.

Then, we included effects of habitat, age and sex, using the capture-recapture data set based on captures of parents between 2013 and 2019. All combinations of models including habitat×age, habitat×sex, habitat, age, sex or i (=constant) effects on the two parameters and p were tested, and model selection was performed using the quasi Akaike criterion (QAICc).

Selection analyses

Via reproductive success

We estimated selection operating via reproductive success for the three focal traits. Since our study system offers little access to lifetime reproductive success, we opted to focus on annual reproductive success via the annual number of fledglings. The male and the female of each pair shared the same annual reproductive success, hence to avoid replicated measures within a single model, males and females were analysed separately.

Following the classic [START_REF] Lande | The Measurement of Selection on Correlated Characters[END_REF] approach, first we quantified directional selection acting on each trait by calculating linear selection differentials. To identify the target of natural selection when studying multiple traits, we also estimated multivariate linear selection gradients  i after controlling for indirect selection on the other traits. Linear selection differentials were estimated for each trait following equation ( 1), and linear selection gradients were estimated on all traits together following equation (2):

+ habitat +x + habitat×x+    + habitat +  x 1 +  x 2 +    x 3 +   'habitat×x 1 +   'habitat×x 2 +   'habitat×x 3  
In both equations, the strength and direction of selection is given by the slope (or i of the regression between relative fitness () and the standardized (per sex) value of a trait (x or x i ),  represents the intercept and  the error. Interaction terms (habitat×x i ) indicate whether selection differs between habitats.

Model selection was performed across all models, starting from the complete model described in equations 1 and 2 to a null model (=constant), using AICc. Once more, all models within two points of AICc were considered equivalent and estimates were obtained by a model averaging procedure. All linear mixed models included individual identity and year as random effects to control for repeated measurements on the same individuals and variation across years. To test for correlational selection (i.e. interaction term between traits), the null model of reference contained the additive effect of the three traits and habitat as fixed effect (see details in Appendix 3).

The aim of this study was to explore how directional, hence linear selection, was aligned with the documented phenotypic divergence between forest and city birds. However, non-linear selection could also differ between the forest and the urban habitats, and thereby shape differences in trait variances. Although differences in variance are not a focal objective here, we estimated quadratic selection differentials and gradients to present a complete picture on comparing selection. Quadratic selection differentials () and selection gradients ( i for each trait x i ) as well as correlational selection gradients ( ij for traits x i and x j ) were estimated following these equations:
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Where, similarly as in equations ( 1) and ( 2),  represents the intercept, and i represent respectively the linear selection differential and the linear selection gradient for each trait x i , and represents the error. While a positive estimate of quadratic selection differential/gradient indicates disruptive selection, a negative estimate is indicative of stabilising selection. More details about methods and results on quadratic selection differentials can be found in Appendix 3.

Via survival

To estimate selection acting on behavioural traits via survival we tested whether an individual's probability of survival from one year to the next was associated with the value of the trait, based on capture-recapture data combined with behavioural data collected between 2014 and 2019. As previously described, we tested whether the data met CSJ assumptions, tested for over-dispersion with the goodness-of-fit tests using U-CARE and performed survival analyses with E-SURGE. We performed three sets of models, one on each of the traits studied in order to preserve statistical power.

In our dataset, most individuals presented more than two measures for each trait. Hence, we used the Best Linear Unbiased Predictor (BLUP) for each individual as phenotypic value (e.g. [START_REF] Bergeron | Disruptive viability selection on adult exploratory behaviour in eastern chipmunks[END_REF]. BLUPs were extracted from linear mixed models on repeated measures of each trait, including age, year, hour of the day, air temperature and rank of capture as fixed effects. In the model for BRI, protocol of measure was also included as fixed effect to correct for the bias induced by the change in protocol since 2017 (see Appendix 1).

In this set of analyses, because the number of possible models highly increased with each added effect, we first selected the appropriate model structure for recapture probability (p), starting from the full model p (hab×sex+trait+time) and sequentially removing each effect from the full model. The model with the lowest AICc was selected (for a detailed list of the 5 bests models see Table S2). We then ran models with the same procedure for survival probabilities, starting from the full model  (time+habitat×age+hab×sex+ hab×sex×trait) with p following the best structure previously selected. A habitat×sex×trait interaction was interpreted as selection on the trait varying between habitats and sexes. Similarly, a habitat×trait interaction indicated that selection on the trait varied between habitats. In addition, to test for potential quadratic selection acting on the traits we also added the trait 2 and habitat×trait 2 effects in the best 10 models. In the end, models were ranked according to the AICc criterion and all models within a ΔAICc < 2 were considered equivalent.

RESULTS

Repeatable non-correlated traits

We confirmed that all three traits were repeatable (Table 1). Interestingly, almost all betweenindividual phenotypic correlations R I1,2 between pairs of traits, measured in each habitat, had credibility intervals overlapping 0 (Table 2), suggesting that the three focal traits do not covary in a behavioural syndrome (detailed estimates of (co)variance components for each trait or pair of traits are available in Tables S4 andS5). Hence selection acting on one of the focal traits is unlikely to induce indirect selection on the other traits.

Phenotypic divergence between urban and forest habitats

When testing for phenotypic differences between habitats, model selection revealed a habitat effect for the three studied traits (Table 3). Urban individuals displayed on average higher handling aggression scores, and this difference was more pronounced in males (mean urban-males =2.62 ± 0.23, mean forest- males =1.74 ± 0.11; Fig. 1A) than in females (mean urban-females =2.09 ± 0.14, mean forest-females =1.67 ± 0.12; Fig. 1A).

Two equivalent models were selected when modelling BRI (Table 3), both including a habitat effect whereby urban individuals had higher breath rate (i.e. a lower index) than forest birds (mean urban =-0.730 ± 0.100, mean forest =-0.32 ± 0.27; Fig. 1B).

Model selection for ES revealed 12 equivalent models (Table 3) all including a habitat effect. Urban individuals were more active explorers than forest ones (ES mean urban =5.88 ± 0.37, mean forest =3.54 ± 0.72; Fig. 1C). Sex, temperature, capture rank and habitat×sex effects were present in numerous models, suggesting they may affect ES. Since so many models were found equally supported, we do not draw any strong conclusion regarding these effects. Detailed effect sizes obtained using model averaging are presented in Supplementary Table S6.

Habitat-specific survival

On the overall capture-recapture dataset, a goodness-of-fit test conformed to the Cormack-Jolly-Seber's assumptions ( 2 = 30.6059, P = 0.246, ĉ = 1.177; see Table S3 for detailed GOF test results).

Deviances and AICc were corrected for the ĉ value in all models (ĉ 2 /df).

In the analysis aiming to estimate survival and recapture for each sex, age and habitat, model selection revealed 2 models with substantial support (delta AICc<2, Table 4). For both models, survival probability depended on habitat and age in interaction, with forest yearlings showing a substantially higher survival probability than the three other groups (Table 5).

Reproductive Selection

When estimating reproductive selection on HA, BRI and ES in females using number of fledglings as a fitness proxy, we found no evidence for linear selection on HA nor on ES (Table 6). BRI was under positive significant linear selection in females, i.e. females with a lower breath rate had a higher reproductive fitness. However, the difference in selection between urban and forest females for BRI was not significant, as suggested by the habitat×BRI interaction non included in any of the best models (Table S7).

In males, we found no evidence for directional reproductive selection on HA and BRI (Table 6) but positive reproductive selection favouring males with higher ES in the forest but not in the city. This difference in selection between forest and city was significant (habitat×ES interaction included in the two best models see Table S7).

When looking at non-linear selection gradients (see Appendix 3 and Table S8 for detailed results on selection differentials), quadratic terms were present in most of the best models (Table S9), however, estimates were significant only for BRI females and males and ES in males, suggesting slight stabilizing selection acting on female BRI (Table 7), diverging selection acting on male BRI (Table 7, whereby fathers with low or high BRI produced more fledglings; as well as stabilising selection on male ES ( Table suggesting that intermediate values of exploration scores were favoured. Finally, there was no evidence for correlational selection acting on the focal traits.

Viability selection

Goodness-of-fit tests conformed to the Cormack-Jolly-Seber's assumptions for each trait-specific dataset (ES data-set:  2 = 29.222, P = 0.084, c-hat = 1.461; BR:  2 = 28.681, P = 0.094, c-hat = 1.434;

HA data-set:  2 = 24.7, P = 0.213, ĉ = 1.235). Deviances and AICc were corrected for the C-hat values in all sets of models (ĉ 2 /df).

The best supported models for the recapture probability are presented in Table S2: in each case, the model with the lowest AICc estimated p constant. For the three traits, we found two equally performing models (Table 4,AICc<2). The habitat×age interaction was present in each set of selected models, in accordance with results from the global model (section 3.3).

For all three traits, the best model included a negative quadratic trait factor suggesting that all three traits were under stabilizing selection (Fig. 2A-C). When estimating viability selection on HA, the best model included HA as additive effect as well as habitat×HA 2 interaction; however, the second best and equivalent model (Table 4, AICc<2) did not include this interaction while it retained a quadratic HA² effect. Taken together these results suggest that high and low values of HA are counter-selected in both habitats, yet possibly more so in the urban habitat (Fig. 2A). For breath rate, BRI 2 effect was in interaction with habitat in the lowest AICc model (Table 4) providing again some evidence for stronger stabilizing selection in the city (Fig. 2B). Regarding exploration score, the linear and quadratic dimensions of selection were present in the best model but not in interaction with habitat, revealing that in both habitats birds were experiencing similar stabilizing selection, particularly counter-selecting low exploration behaviour (Fig. 2C). However, the quadratic term was not present in the second best selected model and Fig. 2C illustrates the weak stabilising force of selection.

DISCUSSION

In this study, we investigated differences in behavioural traits and a stress-related trait, between great tits breeding in a forest versus an urban habitat, and explored whether the observed divergences were aligned with patterns of reproductive and viability selection ongoing in each habitat. The three traits studied were all repeatable yet not strongly correlated, suggesting they did not co-evolve in a behavioural "syndrome". Overall, we confirmed previous findings that urban individuals were on average more aggressive, had a higher breath rate when handled by humans, and were faster explorers than their forest counterparts (Fig. 1 & Charmantier et al., 2017). In addition, urban yearling great tits had lower annual survival probability compared to forest yearlings (43% versus 62%), while adult birds had similar survival in both habitats (40% versus 41%, Table 5). Selection analyses provided evidence for stabilizing viability selection and both linear and quadratic reproductive selection acting on the three traits studied. Importantly in the context of divergent phenotypes, there was evidence for a divergence in selection between the forest and urban habitats in two cases only: a/ stabilising viability selection favouring intermediate levels of handling aggression and breath rate was stronger in the urban habitat (Fig. 2A & 2B), and b/ higher exploratory behaviour was associated with higher reproductive success in forest but not urban males (Table 6). Overall, the patterns of selection found here are not aligned with a divergence in phenotype.

As predicted, we found phenotypic divergence between urban and forest habitats for the three studied traits. Higher aggressiveness and exploratory behaviour are in line with previous results and studies in urban vertebrate populations [START_REF] Charmantier | Urbanization Is Associated with Divergence in Pace-of-Life in Great Tits[END_REF][START_REF] Evans | Behavioural Syndromes in Urban and Rural Populations of Song Sparrows[END_REF][START_REF] Martin | Animal temperament and human disturbance: Implications for the response of wildlife to tourism[END_REF]. Regarding breath rate, previously reported results were more contrasted. Our finding that urban individuals displayed higher breath rate is similar to some studies (Torné-Noguera et al., 2014) but contrasts with others (no difference: [START_REF] Senar | Urban Great Tits (Parus major) Show Higher Distress Calling and Pecking Rates than Rural Birds across Europe[END_REF]lower: Abolins-Abols et al., 2016), suggesting that the shift observed could be due to another factor than urbanization. Shifts in behavioural and stress-related traits in urban habitats are often regarded as evolutionary adaptations in response to novel urban environmental conditions [START_REF] Lambert | Adaptive Evolution in Cities: Progress and Misconceptions[END_REF][START_REF] Sepp | A review of urban impacts on avian life-history evolution: Does city living lead to slower pace of life?[END_REF], a hypothesis in line with findings of urban-rural genetic divergences associated with genes involved in aggressiveness and exploratory behaviours (in particular SERT and DRD4, Van Dongen et al., 2015;[START_REF] Riyahi | Personality and urbanization: behavioural traits and DRD4 SNP830 polymorphisms in great tits in Barcelona city[END_REF][START_REF] Mueller | Genes acting in synapses and neuron projections are early targets of selection during urban colonization[END_REF]. However, [START_REF] Lambert | Adaptive Evolution in Cities: Progress and Misconceptions[END_REF] reported recently that only six urban studies convincingly demonstrated an evolutionary adaptation to urbanisation, and none of these six examples concerned animal behaviour. One of the key elements missing in most studies reviewed by Lambert and colleagues is the adaptive nature of the observed divergence in phenotype.

Here we provide one of the first studies investigating the link between individual behaviour and fitness in an urban context to test for the adaptive nature of an urban-specific shift in behaviour (see also [START_REF] Halfwerk | Adaptive changes in sexual signalling in response to urbanization[END_REF].

Correlations of behavioural traits are often observed in animals and referred as "behavioural syndromes" or even "pace-of-life syndromes" (POLS) if life history traits are involved [START_REF] Réale | Personality and the emergence of the pace-of-life syndrome concept at the population level[END_REF]. POLS represent (co)variation of personality and life history strategies across individuals. At two ends of a POLS continuum, fast individuals display low survival, high reproductive outputs, precocious reproduction, and bold behaviours, while slow individuals show high survival, low reproduction and shy personalities. In this study, urban birds displayed features of a faster pace-of-life:

higher exploratory behaviour, higher aggressiveness, higher breath rate and lower survival at yearling stage. These signatures of a faster urban life contrast with previous findings on reproductive traits associated with a slower pace-of-life in the same population (i.e. smaller clutches, [START_REF] Caizergues | Urban versus forest ecotypes are not explained by divergent reproductive selection[END_REF], and with a meta-analysis showing slower POLS in urban birds (Sepp et al., 2017, but note this meta-analysis did not consider behavioural traits). Note also that no correlation was found across the three studied traits, which contrasts with previous findings [START_REF] Carere | Shy and bold great tits (Parus major): body temperature and breath rate in response to handling stress[END_REF] and with the prediction that these traits co-evolve.

Our selection analyses revealed that shifts in avian behavioural and stress-related traits in the urban habitat were not aligned with patterns of ongoing directional or quadratic selection. Regarding behaviour, we detected stabilising selection acting on HA via survival and on ES via both survival and reproduction, counter-selecting extreme aggressive and exploratory behaviours in both habitats. While viability stabilizing selection acting on HA was stronger in the urban context (yet with a similar phenotypic optimum), reproductive linear selection acting on ES in urban males was relaxed compared to strong selection favouring faster forest explorers. Taken together, these results suggest that the phenotypic divergence between forest and city great tits in both HA and ES does not result from habitat-specific patterns of ongoing selection, and that the higher values of these traits observed in urban habitats are not adaptive. However, it is possible that spatio-temporal variation in natural selection within the city masks the complexity of selection on these characters. First, higher aggression or exploratory behaviour might be advantageous only in some parts of the city (for instance in highly urbanized areas where food is scarcer and competition potentially higher) but not in others. If there is such spatial variation in selection, estimating selection at a fine scale within the city might be necessary to apprehend the adaptive nature of high aggression and exploratory behaviour in urban birds. Second, recent work by Corsini and collaborators (2020) suggests that selection on great tit morphology might act mainly during the early stages of life. If strong early-life selection also impacts behavioural traits, our analysis focused on adult behaviour could potentially miss an important stage of selection occurring before individuals start to reproduce.

Breath rate under constraint is linked to stress physiology and is used as a proxy of acute stress response, i.e. the short-term response to a stressful event, in contrast with chronic stress referring to a long term response [START_REF] Dantzer | Measures of physiological stress: A transparent or opaque window into the status, management and conservation of species[END_REF]. Higher breath rate shows higher short-term stress response to a stressor. In opposition to what is expected in case of adaptation to urban habitats, we found that urban birds displayed higher breath rate in response to handling and thus a higher acute stress response than forest individuals, while high breath rate was associated with reduced reproductive success in females and reduced survival in both sexes (Fig. 2B). Note however that we did not measure glucocorticoid secretion levels under stress, and therefore we cannot conclude with certitude that higher breath rate was associated with higher physiological stress response. In addition, we detected stabilizing viability selection acting on BRI that might be stronger in the urban habitat as suggested by the habitat×BRI 2 interaction present in one of the two best selected models (Table 4, Fig. 2B).

Surprisingly, however, when considering reproductive success, while we detected slight stabilising selection on females BRI, we on the contrary found disruptive selection in males favouring extreme values of BRI in both habitats. Taken together these results suggest that higher breath rates in urban great tits are maladaptive. Note that previous studies found that acute stress responses associated with urbanization could differ depending on population, species and traits studied [START_REF] Powell | Body Condition and Chronic stress in Urban and Rural Noisy Miners[END_REF]. In particular, it would be interesting to explore how birds handle chronic stressors present in urban habitats from a physiological point of view [START_REF] Iglesias-Carrasco | Stress in the city: metaanalysis indicates no overall evidence for stress in urban vertebrates[END_REF], especially because inadequate long-term physiological responses might have deleterious repercussions on the birds' quality of life and ultimately their fitness, and thus might be under stronger selection than acute-stress response.

Interestingly, across the three traits we found one case of relaxed selection (ES in males) but two instances of stronger stabilizing selection (HA and BRI) urban habitats. The later results contrast with recent meta-analyses pointing towards relaxed selection following anthropogenic disturbances [START_REF] Fugère | Human influences on the strength of phenotypic selection[END_REF][START_REF] Lahti | Relaxed selection in the wild[END_REF] and increased morphological variation in urban tit populations [START_REF] Thompson | Phenotypic variation in urban environments: mechanisms and implications[END_REF]. Whether urbanisation results generally in stronger or weaker selection is still highly debated and insufficiently explored empirically. While novel disturbances are typically expected to lead to stronger selection in the city [START_REF] Alberti | Global urban signatures of phenotypic change in animal and plant populations[END_REF], urban features such as reduced predation or access to supplementary food [START_REF] Lahti | Relaxed selection in the wild[END_REF] could result in relaxed selection [START_REF] Branston | Urbanisation weakens selection on the timing of breeding and clutch size in blue tits but not in great tits[END_REF]. It is likely that urban-related changes in selection will depend both on the trait studied as well as on the proxy of fitness used, especially since a trait can undergo opposite selection pressures across the life cycle (see e.g. BRI results with both disruptive and stabilizing selection depending on the fitness parameter studied). Hence future research should aim at comprehensive work that will disentangle the different factors driving stronger or weaker selection pressures in the cities.

The result of the non-adaptive nature (i.e. not aligned with ongoing selection) of behavioural and stress response shifts linked with urbanization raises numerous questions regarding the origins of such shifts and the implications for populations. First, despite the fact that behavioural shifts in urban habitats do not confer better fitness outputs compared to forest habitats in this case study, they could be advantageous to colonise urban habitats or tolerate the new environmental conditions. Indeed, bolder great tits are known to disperse more and on longer distances than shyer ones [START_REF] Dingemanse | Natal dispersal and personalities in great tits ( Parus major )[END_REF] and could thus be more prone to colonise urban habitats. Second, behavioural shifts can result from plasticity in response to the environmental conditions experienced by individuals. For example, some personality traits can emerge from endocrine stress physiology [START_REF] Baugh | Risk-averse personalities have a systemically potentiated neuroendocrine stress axis: A multilevel experiment in Parus major[END_REF] and experiments demonstrated that stress stimuli inflicted to individuals could induce a reduction of their neophobic behaviours in house sparrows [START_REF] Gormally | Physiological and behavioral responses of house sparrows to repeated stressors[END_REF]. Hence, some behavioural shifts can emerge from a habituation process, in contrast with other traits such as aggressive behaviour which are consistent across lifetime [START_REF] Cavalli | The role of habituation in the adjustment to urban life: An experimental approach with burrowing owls[END_REF], and phenotypic flexibility could be responsible for phenotypic shifts between habitats without necessarily providing fitness benefits to individuals.

The plastic versus genetic origin of the behavioural and stress response differences between urban and rural environments remains largely debated [START_REF] Minias | Development of urban behaviour is associated with time since urbanization in a reed-nesting waterbird[END_REF][START_REF] Riyahi | Personality and urbanization: behavioural traits and DRD4 SNP830 polymorphisms in great tits in Barcelona city[END_REF]. While we have shown here that the three focal traits are repeatable, repeatabilities of 38 to 52% leave an important margin for plastic responses in these traits. In particular, a plastic response in the focal traits could be initiated during early life stages. For instance, hormonal levels experienced in mothers and transmitted to eggs can affect offspring personality [START_REF] Rokka | Sex-specific differences in offspring personalities across the laying order in magpies Pica pica[END_REF]). In addition, DNA methylation could also play a role in the behavioural shifts observed in urban habitats [START_REF] Caizergues | Are behaviour and stress-related phenotypes in urban birds adaptive? : Data and scripts[END_REF][START_REF] Riyahi | Combined epigenetic and intraspecific variation of the DRD4 and SERT genes influence novelty seeking behavior in great tit Parus major[END_REF]. In any case, determining the contribution of genetics and plasticity in behavioural and stress responses shifts observed in the urban habitat is an important future challenge, and would greatly benefit from experimental designs such as cross-fostering or common garden experiments [START_REF] Diamond | Rapid evolution of ant thermal tolerance across an urban-rural temperature cline[END_REF]).

This study is we believe, the first to formally test for a link between avian behavioural as well as stress-related traits, and fitness components, in a context of urbanization. Our results suggest that, in opposition with expectations formulated in the literature, urban great tits display a faster pace-of-life with more exploratory behaviour and enhanced aggressiveness that may not be adaptive. In addition, urban individuals display higher breath rates even if this phenotype is counter-selected, revealing maladaptation. However, further investigations and complementary analyses will be necessary to conclude on general patterns of selection ongoing in urban compared to natural habitats. In particular, replication in other populations will be a crucial step to understand whether the results found here are generalizable. In addition, selection analyses as performed here are data hungry while molecular tools can offer great opportunities to detect molecular adaptation with smaller datasets. We thus encourage urban evolutionary biologists to combine both quantitative genetic and genomic approaches to fully understand evolutionary processes ongoing in urban habitats [START_REF] Perrier | Adaptation Genomics in Urban Environments[END_REF].

(ΔQAICc<2) are represented in bold. For all models (except in the global analysis), the 847 probability of recapture is considered constant (see Table S2). S7. S6). Note that the breath rate measured corresponds to the time for 30 breaths hence lower values of breath rate index imply a higher breath rate. Exploration score Survival probability
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  , right after capture, each bird was tested for handling aggression (HA) by the capturer (see detailed protocol in Dubuc-Messier et al. 2017 & ESM Table

Figure 1 :

 1 Figure 1: Divergence between urban and forest great tits on 3 behavioural and stress-related traits (A) handling aggression (presented for each sex), (B) breath rate index and (C) exploration score (mean±SE estimated from models accounting for effects of year, sex, age, rank of capture, temperature, habitat×year, habitat×sex, (and body mass and hour for BRI) see TableS6). Note that the breath rate measured corresponds to the time for 30 breaths hence

Figure 2 :

 2 Figure 2: Survival rate of forest (green) and urban (black) great tits in relation to Handling Aggression (A), Breath Rate Index (B) and Exploration Score (C). Dashed lines represent yearling individuals and solid lines represent adult birds of 2 years or more. Individual values of survival are calculated using the following equation  ind =(1/(1+exp(- 0 + 1 *x ind + 2 *x ind 2 )) with x ind the individual value of a trait and  estimates provided by the CMR models containing the trait effect and the lower AICc (Table 4,  1 = linear selection differential, and  2 = quadratic selection differential).

Table 5 :

 5 Estimates of survival (and recapture (p) probabilities in forest and urban great tits (yearlings = one year olds, adults = two years and older). Estimates are obtained from model averaging of the equally supported best models presented Table4.

Table 6 :

 6 Reproductive linear selection gradients acting on handling aggression (HA), breath rate index (BRI) and exploration score (ES) in urban and forest great tits, estimated using model averaging for the best equally supported models presented in Table

Table 7 :

 7 Reproductive quadratic selection gradients and correlational selection acting on handling aggression (HA), breath rate index (BRI) and exploration score (ES) in urban and forest great tits, estimated using model averaging for the best equally supported models presented in TableS9.

	Parameter	Age class	Forest		Urban	
				est.	95% CI	est.	95% CI
	Φ		Yearling Adult	0.616 0.413	0.488-0.731 0.333-0.497	0.435 0.454	0.355-0.523 0.403-0.505
	p		All	0.727	0.632-0.786	0.716	0.637-0.786
				Linear selection gradients		
	Sex	Habitat Sample size	HA	BRI	ES		
	females	forest	103	-0.022 ± 0.095	0.132 ± 0.046	0.077 ± 0.103	
		city	276	0.078 ± 0.116		0.011 ± 0.119	
	males	forest	93	-0.060 ± 0.050	0.021 ± 0.064	0.230 ± 0.100	
		city	247		0.011 ± 0.058	-0.034 ± 0.117	
				Quadratic selection gradients (g/2)		
	Sex	Habitat Sample size	HA²	BRI²	ES²	HA*BRI	HA*ES	BRI*ES
		forest	103	-0.051 ± 0.038 0.015 ± 0.067		
	females	city	276	-0.056 ± 0.031 -0.015 ± 0.069		
	males	forest	93	0.018± 0.064 0		-0.018 ± 0.048 0.033± 0.051 -0.006 ± 0.052
		city	247					
					FIGURES		

.070 ± 0.031 -0.088 ± 0.060

  

		Correlational selection
	0.030 ± 0.055	-0.098 ± 0.046 0.081 ± 0.045 -0.044 ± 0.046
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TABLES

Table 1: Sample sizes and repeatability of handling aggression, breath rate and exploration score, estimated with rpt() R function using the best model selected (see Table 3), with associated standard error (SE), 95% confidence intervals (CI) and P-value.

Table 2:

Between individual (R I1,2 ), residual (R R1,2 ) (above the diagonal) and total (below the diagonal) correlations between behavioural and stress-related traits with their lower and upper credibility intervals (R X1,2 = Cov X1,2 /√(V X1 × V X2 )) in urban and forest environments.