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Introduction

Cities are natural laboratories for investigating evolutionary changes in an urbanizing world [START_REF] Alberti | Urban driven phenotypic changes: Empirical observations and theoretical implications for eco-evolutionary feedback[END_REF]. Urbanization and human-induced environmental changes are forcing organisms to face many new pressures [START_REF] Grimm | Global change and the ecology of cities[END_REF], including changes in impervious land cover and increases in temperature (including the 'urban heat island' - [START_REF] Levermore | The increasing trend of the urban heat island intensity[END_REF][START_REF] Diamond | Evolutionary Consequences of the Urban Heat Island[END_REF]. Pollution is also a major component of urbanization (be it sound, chemicals, light or others; e.g. [START_REF] Westby | Cold nights, city lights: Artificial light at night reduces photoperiodically induced diapause in urban and rural populations of aedes albopictus (Diptera: Culicidae)[END_REF], especially trace metals which are persistent pollutants that bioaccumulate in the food chain.

For example, cadmium is a highly toxic trace metal to various species (e.g. increasing mortality rate, decreasing hatching rate or impeding development, Gomot, 1998 (snails); Järup and Åkesson, 2009 (human); Malakar et al., 2009 (grasshopper)) that can be found in concentrations ten times higher in cities than in rural soils [START_REF] Foti | Trace element concentrations along a gradient of urban pressure in forest and lawn soils of the Paris region (France)[END_REF]. These growing pressures lead to changes in various individuals traits (physiology, morphology, phenology, behavior), both plastically (e.g. changing in behavior [START_REF] Ditchkoff | Animal behavior in urban ecosystems: Modifications due to human-induced stress[END_REF] or morphology [START_REF] Prosser | Effects of Urbanization on Behavior, Performance, and Morphology of the Garden Skink, Lampropholis guichenoti[END_REF]) and evolutionarily (e.g. changes in phenology [START_REF] Chick | Urban heat islands advance the timing of reproduction in a social insect[END_REF] or physiology [START_REF] Partecke | Stress and the city: Urbanization and its effects on the stress physiology in European Blackbirds[END_REF]) -see also [START_REF] Johnson | Evolution of life in urban environments[END_REF]reviewed in Alberti et al., 2017). For instance, urban populations exhibit earlier timing of reproduction (plants: [START_REF] Jochner | Urban phenological studies -Past, present, future[END_REF]ants: Chick et al., 2019), lower corticosterone stress response (birds: [START_REF] Partecke | Stress and the city: Urbanization and its effects on the stress physiology in European Blackbirds[END_REF], higher thermal tolerance (ants: [START_REF] Diamond | Rapid evolution of ant thermal tolerance across an urban-rural temperature cline[END_REF], decreased migratory behavior and aggressiveness (birds, respectively: [START_REF] Evans | Colonisation of urban environments is associated with reduced migratory behaviour, facilitating divergence from ancestral populations[END_REF][START_REF] Hasegawa | Urban and colorful male house finches are less aggressive[END_REF]smaller size (Daphnia: Brans et al., 2017;spider: Dahirel et al., 2019. Although many organisms face these pressures alone, individuals living in groups benefit from a filter provided by their society against external disturbances. The social environment is a key component to be considered when studying the response of social species to external pressures, as it may buffer external disturbances [START_REF] Straub | Superorganism resilience: Eusociality and susceptibility of ecosystem service providing insects to stressors[END_REF]. For example in social insects, colony size plays a role in buffering the effects of temperature, with larger colonies usually having less mortality or stronger trait stability (cold: [START_REF] Heinze | Ecophysiology of hibernation in boreal Leptothorax ants (Hymenoptera: Formicidae)[END_REF]warm: Molet et al., 2017). This social buffering is found for various pressures, such as exposure to parasites [START_REF] Scharf | Ant societies buffer individual-level effects of parasite infections[END_REF], seasonality [START_REF] Kaspari | Colony size as a buffer against seasonality: Bergmann's rule in social insects[END_REF], starvation [START_REF] Heinze | Ecophysiology of hibernation in boreal Leptothorax ants (Hymenoptera: Formicidae)[END_REF][START_REF] Modlmeier | Starvation endurance in the ant Temnothorax nylanderi depends on group size, body size and access to larvae[END_REF] and pesticides [START_REF] Crall | Social buffering of pesticides in bumblebees: Agent-based modeling of the effects of colony size and neonicotinoid exposure on behavior within nests[END_REF].

In addition to workers, the presence of larvae can also improve colony resistance to stress in harsh periods, such as under starvation [START_REF] Rueppell | Extraordinary starvation resistance in Temnothorax rugatulus (Hymenoptera, Formicidae) colonies: Demography and adaptive behavior[END_REF][START_REF] Modlmeier | Starvation endurance in the ant Temnothorax nylanderi depends on group size, body size and access to larvae[END_REF].

Furthermore, the social environment highly modulates brood development in insect societies such as in ants [START_REF] Linksvayer | Direct, maternal, and sibsocial genetic effects on individual and colony traits in an ant[END_REF][START_REF] Wills | Correlates and Consequences of Worker Polymorphism in Ants[END_REF] or bees [START_REF] Linksvayer | Larval and nurse worker control of developmental plasticity and the evolution of honey bee queenworker dimorphism[END_REF], and therefore can influence the phenotypes produced within colonies. Cross-fostering experiments, mixing worker and larval origins, are particularly useful to partition the effects of the social environment, that is assessing the relative contribution of adults and larvae. For example, crossfostering has been used in some ants species to assess the relative contributions of genetic and social effects on individual and colony traits [START_REF] Linksvayer | Direct, maternal, and sibsocial genetic effects on individual and colony traits in an ant[END_REF], the influence of social structure on brood development [START_REF] Purcell | The influence of social structure on brood survival and development in a socially polymorphic ant: insights from a cross-fostering experiment[END_REF], the effects of matrilines and patrilines on immune defense [START_REF] Armitage | Immune defense in leaf-cutting ants: a cross-fostering approach[END_REF] and the consequences of the rearing environment on individual and colonial personalities [START_REF] Keiser | Crossfostering by foreign conspecific queens and slave-making workers influences individual-and colony-level personality[END_REF].

However, as far as we are aware, it has never been used to investigate the relative effect of the social environment and larvae themselves on the ability to tolerate stressful conditions such as pollution.

In this study, we used a cross-fostering experiment while rearing colonies under common laboratory conditions in the ant Temnothorax nylanderi in the presence or absence of a stressor (cadmium). A previous study showed that city colonies were less negatively affected by cadmium than forest ones for two traits: the size of produced workers and the survival of larvae (Jacquier et al., 2021a). In the present study, we used the same laboratory rearing setup and we measured the same traits (i.e. body size at emergence and survival) as well as the development duration. Moreover, in contrast with Jacquier et al. (2021a) who only assessed worker traits, we also measured sexual production and size of sexuals. Size of sexuals is an important trait linked with fitness in ants as larger sexuals have greater mating success and colony founding success in some species [START_REF] Abell | Sexual selection on body size and shape in the western harvester ant, Pogonomyrmex occidentalis Cresson[END_REF][START_REF] Wagner | Colony age, neighborhood density and reproductive potential in harvester ants[END_REF][START_REF] Wiernasz | Male Size, Sperm Transfer, and Colony Fitness in the Western Harvester Ant, Pogonomyrmex Occidentalis[END_REF][START_REF] Wiernasz | Queen size mediates queen survival and colony fitness in harvester ants[END_REF][START_REF] Fjerdingstad | Relationships between phenotype, mating behavior, and fitness of queens in the ant Lasius niger[END_REF]. By performing a cross-fostering, our study allows us to test the relative contribution of the origin of workers (forest or cities) and of the origin of larvae (forest or cities) on the life history traits measured in presence and absence of cadmium.

Material and methods

Ants rearing

Temnothorax nylanderi is a tiny ant, nesting in acorns or twigs, widespread in western and central Europe and living in small colonies (a few dozen workers), and common in urban and forest habitats [START_REF] Foitzik | Ecology, life history and resource allocation in the ant, Leptothorax nylanderi[END_REF]. We collected colonies at two sites where a differential response to cadmium has been documented (Jacquier et al., 2021a). We collected 103 city colonies in an urban park in Paris (Parc des Buttes-Chaumont, 48°52'47.1"N; 2°23'45.6"E) and 109 forest colonies in a forest located 50km away from Paris (Chantilly forest, 49°10'59.8"N; 2°28'43.6"E). Colonies were harvested in April 2019 and then installed in the laboratory. The artificial nest consisted of two microscope slides (75 x 26 x 1 mm) separated by a 1-mm auto-adhesive layer of plastic foam with 3 chambers. The top slide was covered with dark paper to protect the colony from the light. The nest was placed in a plastic box (11.5 x 11.5 x 5.5cm) for foraging. We discarded 52 colonies with more than one queen or with no queen (28 colonies in city, 24 in forest), as well as 18 colonies (3 in city, 15 in forest) with cestode-infected workers (that display typical pale-yellow coloration [START_REF] Scharf | Ant societies buffer individual-level effects of parasite infections[END_REF]). We finally retained 72 queenright colonies for city habitats and 70 colonies for forest habitats. Workers and larvae in each colony were counted. Colony size ranged from 3 to 256 workers and brood from 8 to 96 larvae. Colonies were acclimated for seven days in the laboratory before the experiment began. Using a microscope, we only kept second instar larvae (i.e. larvae under 2mm long with hairs mainly on the front, [START_REF] Plateaux | Sur le polymorphisme social de la fourmi Leptothorax nylanderi (Förster). I. Morphologie et biologie comparées des castes[END_REF], so that all larvae would be exposed to cadmium at the same time and for the majority of their development duration.

Experimental design

Workers and larvae had two different origins (city or forest), resulting in four different crosses: city workers with city larvae from another colony (CC, 36 colonies), forest workers with forest larvae from another colony (FF, 36 colonies), city workers with forest larvae (CF, 35 colonies) and forest workers with city larvae (FC, 35 colonies). Colonies were matched by pairs for brood exchange, depending on the number of workers and larvae. Each colony received all the second-instar brood from its paired colony. Larvae of the two paired colonies were exchanged simultaneously, larvae remained isolated for a maximum of 15 minutes without workers. Such brood exchanges have already been performed in other Temnothorax species [START_REF] Linksvayer | Direct, maternal, and sibsocial genetic effects on individual and colony traits in an ant[END_REF][START_REF] Linksvayer | Ant species differences determined by epistasis between brood and worker genomes[END_REF], and the brood is accepted by workers without discrimination.

Each colony was then exposed to a feeding treatment with two levels: control or cadmium. Colonies were evenly assigned to control or cadmium treatment depending on their colony size, in order to obtain a similar distribution of colony sizes within treatment levels.

Control colonies were fed three times a week with a mixture of diluted honey, soya yogurt and dried crickets. Cadmium colonies were fed with the same mixture containing 100μg/g cadmium (Jacquier et al., 2021a). The concentration used in the food corresponds to the LC 50 (the concentration that triggers 50% mortality over a given period of time), a physiologically but not ecologically relevant dose. Indeed, this concentration is about fifty times higher than the typical cadmium concentration measured in urban soils. However, in the field, recurrent exposure to pollutants can lead to bioaccumulation and cadmium concentration can reach 102 mg/kg in the ant Formica polyctena, for a soil concentration of 2 mg.kg -1 [START_REF] Starý | Content and transfer of heavy metal air pollutants in populations of Formica spp. wood ants (Hym., Formicidae)[END_REF]. Therefore, the concentration that we used was high but still in the upper range of real field values (Jacquier et al., 2021a). We used 15 "CC", "FC" and "FF" colonies, and 16 colonies "CF" with control food. We assigned more colonies to cadmium treatment in order to compensate for the potential risk of mortality, so we used 21 "CC" and "FF" colonies, 19 "CF" colonies and 20 "FC" colonies with cadmium food.

Colonies were reared in a climatic chamber (reference CTS TP10/600) at 22-27°C -12h : 12h cycle with natural photoperiod for 64 days, so that larvae could emerge as adults [START_REF] Molet | Effect of temperature and social environment on worker size in the ant Temnothorax nylanderi[END_REF]. Workers that emerged in the laboratory (called "laboratory-born workers") were identified based on their pale color and collected once they started to move.

They were anesthetized by cooling down and stored in 96% ethanol for morphological measurements (see below). Newly-laid eggs were removed every week to prevent the hatching of additional larvae in order to keep the initial number of larvae constant and not to interfere with the experimental larvae that originate from crosses. To do so, we removed the top microscope slide from the nest, took out the eggs, and then let the colony move to a new nest positioned just in front of the old one. This way, we did not need to put a microscope slide back on the nest, which could have crushed some workers.

Adult workers born in the field were removed from the colonies when they died and counted to compute the worker mortality rate. The emergence rate was computed as the ratio between the number of larvae that developed to adulthood over the number of larvae initially given to the colony. For each produced worker, gyne and male, we also measured the development duration (computed as the number of days from the beginning of the experiment to emergence) as well as the head width (see below).

Size measurement

For morphological measurements, heads were separated from bodies. Heads were stuck on double-sided tape and photographed under a Discovery V12 Zeiss stereomicroscope connected to a computer via a Zeiss AxioCam ICc 5 video camera and measured with ImageJ 1.8 [START_REF] Abràmoff | Image processing with imageJ[END_REF]. Head width is a standard measurement of body size in ants [START_REF] Tschinkel | Allometry of Workers of the Fire Ant, Solenopsis invicta[END_REF].

Statistical analyses

We investigated the effects of worker origin (forest/city), larval origin (forest/city), treatment (cadmium/control) and the initial colony size on the adult mortality rate, the emergence rate, the development duration of produced individuals (sexuals and workers) and the size of produced individuals. We included a second-order interaction between feeding treatment, larval origin and worker origin, that allowed us to test whether the effect of treatment differed across each crossing combination. We also included the interaction between the feeding treatment and the colony size to investigate whether larger colonies were less affected by cadmium than smaller ones.

All statistical analyses were carried out with R v3.6.1 (www.r-project.org). All plots were generated using ggplot2 [START_REF] Wickham | Ggplot2: Elegant graphics for data analysis[END_REF]. First, we assessed the effect of predictor variables on colony-level dependent variables (adult worker mortality rate, emergence rate, and the head width of produced individuals) using generalized linear models (GLMs). Adult worker mortality and emergence were analyzed using quasibinomial distribution. Finally, we assessed the effect of predictor variables on the development duration and the head width of emerged individuals, two individual-level dependent variables, using linear mixed models (LMMs, package nlme, [START_REF] Pinheiro | R Core Team (2016) nlme: linear and nonlinear mixed effects models[END_REF]), with colony as random factor to take into account pseudo-replication. All models are summarized in Table 1.

For each analysis, the minimum adequate model was selected using a backward stepwise approach where explicative variables were removed one by one from a full model based on a log likelihood ratio test. Fisher or Chi 2 tests (according to the type of model used) and associated P-values for each predictive variable were obtained to obtain the P-values for each predictor variable by comparing the minimum adequate model with a model excluding or including the variable of interest (according to whether the variable was present in or absent from the minimal adequate model respectively). We first tested the significance level of the second-order interaction, then first-order interactions. Normality of the residuals and homogeneity of variances were checked visually following [START_REF] Pinheiro | Linear mixed-effects models: basic concepts and examples[END_REF]; no transformation of the data was necessary.

Data availability statement

The dataset and R scripts are available on Zenodo (10.5281/zenodo.5105734).

Results

Six queens died during the experiment (one 'FF', 'FC' and 'CC' colony; three 'CC' colonies) and their colonies were excluded from data analyses. Our final dataset consisted of 136 queenright colonies. We collected a total of 1 688 workers, 1 092 males, one intercaste (worker phenotype with two ocelli, [START_REF] Okada | Morphological variability of intercastes in the ant Temnothorax nylanderi: pattern of trait expression and modularity[END_REF] and 134 gynes. As we collected gynes from only 15 colonies (13 control colonies: four 'FF' colonies, three 'CC', 'CF' and 'FC' colonies; two cadmium colonies: one 'CF' and one 'FF' colony), we did not include gyne production in our dataset because of a lack of statistical power, with only five gynes under cadmium treatment.

Whatever the variables measured, we did not find a significant second-order interaction (Treatment : Worker origin : Larva origin, Table 1), i.e. there was no differential sensitivity to cadmium depending on the crossing. Moreover, contrary to our expectation, there was no better cadmium tolerance in city colonies: we did not find any interaction between Treatment and Worker origin (at the exception of male development duration, see below) or Treatment : Larval origin interaction (Table 1). Those interactions were therefore removed from the model and in the following results, we only present the main effects of worker origin, larval origin, colony size and treatment, as well as the interaction between colony size and treatment (detailed statistics are presented in Table 1).

Adult mortality rate

Cadmium increased adult mortality rate by 148% (Treatment effect, F 131:133 = 92.43, P < 0.001; figure 1a). The origin of workers (city or forest) significantly affected the mortality rate (F 131:132 = 7.72, P = 0.0060) with city workers ('CC' and 'CF') having a 14% higher mortality rate than forest workers (origin of workers effect, F 131:132 = 7.72, P = 0.0060; figure 1a). Not surprisingly, there was no effect of the origin of larvae (Table 1). The mortality rate marginally differed depending on the treatment in interaction with the colony size (Treatment x Colony size interaction, F 131:132 = 3.67, P = 0.057). The mortality rate increased with the initial colony size under cadmium, while it decreased with the initial colony size in the control (figure 2).

Emergence rate and development duration

Cadmium decreased emergence rate by 50% (Treatment effect, F 131:132 = 107.93, P < 0.001; figure 1b). The origin of workers had no effect on emergence rate (F 129:131 = 0.55, P = 0.60; figure 1b) whereas the origin of larvae significantly affected the emergence rate (origin of larvae effect, F 131:132 = 7.54, P = 0.0070, figure 1b) with forest larvae having a 17% higher emergence rate than city larvae. There was no effect of colony size on emergence rate (Table 1).

The development of produced individuals was 6% longer under cadmium (Treatment effect, workers: χ 2 1 = 7.14, P = 0.007; figure 1c -males: χ 2 1 = 64.69, P < 0.001; figure 1d).

The origin of workers had no effect on worker development duration whereas the origin of larvae had a significant effect (origin of larvae effect, χ 2 1 = 4.22, P = 0.039; Table 1). Forest larvae took 3.1% less time to develop into adult workers than city larvae (figure 1c). We found no effect of colony size on the development duration of larvae (Table 1). Regarding males, we found a marginally significant Treatment : Worker origin interaction (χ 2 1 = 3.82, P = 0.051), with longer development under cadmium for males, but not under control. The origin of larvae had no effect on the development duration of males (Table 1). Development duration increased with the initial colony size (Colony size effect, workers: χ 2 1 = 6.22, P = 0.012; males: χ 2 1 = 5.07, P = 0.024).

Size (head width) of produced individuals

Cadmium reduced the size of the produced workers and males by 14% and 16% respectively (Treatment effect, workers: χ 2 1 = 157.97, P < 0.001; figure 3a -males: χ 2 1 = 156.24, P < 0.001; figure 3b). Neither worker origin nor larvae origin had an effect on worker head width (Table1). Colony size had no effect on worker head width (Table 1). Regarding males, forest workers produced marginally larger males relative to city workers (+2.3%, effect of worker origin, χ 2 1 = 3.57, P = 0.059; figure 3b). Larvae origin and colony size had no effect on male head width (Table 1).

Discussion

We aimed at disentangling the implications of workers (the social environment) and larvae in the better cadmium tolerance of larvae previously observed in city colonies by Jacquier et al. (2021a). Just like other studies [START_REF] Den Besten | Effects of cadmium and PCBs on reproduction of the sea star Asterias rubens: Aberrations in the early development[END_REF][START_REF] Gomot | Toxic effects of cadmium on reproduction, development, and hatching in the freshwater snail Lymnaea stagnalis for water quality monitoring[END_REF][START_REF] Cervera | Cadmium effects on development and reproduction of Oncopeltus fasciatus (Heteroptera: Lygaeidae)[END_REF][START_REF] Demenesku | Acute cadmium administration to rats exerts both immunosuppressive and proinflammatory effects in spleen[END_REF]Jacquier et al., 2021a), we found that cadmium had a negative impact on all life history traits measured, i.e. it increased worker mortality rate (+148%), reduced emergence rate (-50%), extended development duration (+6%) and reduced the size of individuals, for both workers (-14%) and males (-16%). The intensity of the effect on workers was of the same order of magnitude as in Jacquier et al. (2021a). However, in contrast with Jacquier et al. (2021a), the effect of cadmium was similar in city and forest colonies regarding emergence rate and worker head width, preventing us from disentangling the effect of workers and larvae on the expected differential cadmium tolerance. This absence of differential response between habitats could result from annual random variation and the fact that a comparison between only two sites did not allow us to detect a difference in our study. However, our sample size in terms of number of colonies was large, excluding a lack of statistical power. In addition, the differential response between the two habitats was observed for five replicated comparisons (Jacquier et al., 2021a,b) making chance an unlikely explanation. Also, as the same persons performed the experiments, with the same laboratory set up (even though in our experiment larvae were manipulated which was not the case in Jacquier et al (2021a)see below), we think that the observed difference is a true biological phenomenon.

We propose three non-mutually exclusive hypotheses that could explain the unexpected absence of a differential cadmium tolerance between forest and city colonies. A first explanation is a disruptive effect of cross-fostering. This experimental method is commonly used to split the relative contributions of different social aspects on measured traits in ants [START_REF] Linksvayer | Direct, maternal, and sibsocial genetic effects on individual and colony traits in an ant[END_REF][START_REF] Armitage | Immune defense in leaf-cutting ants: a cross-fostering approach[END_REF][START_REF] Purcell | The influence of social structure on brood survival and development in a socially polymorphic ant: insights from a cross-fostering experiment[END_REF]. Therefore, adult workers had to rear larvae from foreign colonies. Because workers are unrelated to these larvae, they may invest less in rearing them. However, [START_REF] Foitzik | Nestmate recognition and intraspecific chemical and genetic variation in Temnothorax ants[END_REF] showed that in

Temnothorax nylanderi there was little to no discrimination of non-nestmates, maybe because colonies and populations are weakly differentiated genetically and thus could have similar cuticular hydrocarbons, therefore impeding worker discrimination based on this cue. Besides, as in other successful cross-fostering experiments [START_REF] Linksvayer | Direct, maternal, and sibsocial genetic effects on individual and colony traits in an ant[END_REF][START_REF] Armitage | Immune defense in leaf-cutting ants: a cross-fostering approach[END_REF][START_REF] Purcell | The influence of social structure on brood survival and development in a socially polymorphic ant: insights from a cross-fostering experiment[END_REF], larvae were largely accepted by workers at the beginning of our experiment (more than 90% of the brood survived after the larval exchange between colonies), so workers are probably not able to detect that larvae originated from another colony. A second hypothesis is a within year variation of cadmium tolerance. We collected colonies in April, whereas (Jacquier et al., 2021a) collected them in February. In some species, trace metals show a seasonal pattern of accumulation, correlated with seasonal variation in detoxification enzymes or proteins [START_REF] Fialkowski | Seasonal variation in trace metal concentrations in three talitrid amphipods from the Gulf of Gdansk, Poland[END_REF][START_REF] Gorbi | Seasonal Variability of Metallothioneins, Cytochrome P450, Bile Metabolites and Oxyradical Metabolism in the European Eel Anguilla anguilla L. (Anguillidae) and Striped Mullet Mugil cephalus L. (Mugilidae)[END_REF]. Recent data suggest that the better cadmium tolerance of city colonies depends on both hibernation temperature and the period of the year at which the experiment was conducted (Jacquier et al., 2021b;Jacquier et al, under review). In this study, we collected colonies later (April) than in (Jacquier et al., 2021a), in order to obtain more sexuals. This may have impeded further differential cadmium tolerance between city and forest colonies, as Jacquier et al (under review) showed that colonies collected several weeks after hibernation (and therefore with eggs that were laid after the hibernation period, i.e. early June here) do not have differential emergence rates in response to cadmium. Further studies are needed to investigate the possible effect of within-year variation in environmental factors on cadmium tolerance between the two habitats, since urban and forest ants have a slightly shifted phenology [START_REF] Chick | Urban heat islands advance the timing of reproduction in a social insect[END_REF]. A last hypothesis stands in inter-annual variation in cadmium tolerance. In Jacquier et al (2021a), urban colonies tolerated cadmium better than forest colonies, but the level of differential tolerance varied among sites and years. In this study, we only used one study site, therefore we lack replication and the observed results could be due to natural variation in cadmium tolerance at this site for this particular year. Moreover, Jacquier et al. (2021b) suggested that cadmium tolerance could also depend on environmental factors such as hibernation temperature. Colonies may have experienced special climatic conditions the year of our experiment, and therefore we found results that contrast with previous findings.

Our study quantified the effect of cadmium on male production, and therefore the potential consequences on the reproductive success of colonies. In T. nylanderi, brood production is highly synchronized [START_REF] Kipyatkov | Annual cycles of development in ants: diversity, evolution, regulation[END_REF], but males develop faster than workers (our study and (Jacquier et al., 2021a). As we started our study later (April vs February -March for Jacquier et al. 2021a) and winter was milder, colonies were probably more advanced in the process of male production. The relative lack of gyne production is not surprising, given that resource allocation can be redirected towards workers and males after a large worker loss (29% on average for control colonies, 72% for cadmium colonies at the end of the experiment) in this species [START_REF] Foitzik | Intraspecific parasitism and split sex ratios in a monogynous and monandrous ant (Leptothorax nylanderi)[END_REF][START_REF] Foitzik | Ecology, life history and resource allocation in the ant, Leptothorax nylanderi[END_REF][START_REF] Honorio | Manipulation of worker size diversity does not affect colony fitness under natural conditions in the ant Temnothorax nylanderi[END_REF]. Forest workers reared males that were 1.7% larger than those reared by city workers. Thus, when forest workers reared larvae, they produced larger males whatever the origin of larvae and whatever the treatment. Larger males have greater mating success and sperm production in ants [START_REF] Abell | Sexual selection on body size and shape in the western harvester ant, Pogonomyrmex occidentalis Cresson[END_REF][START_REF] Wiernasz | Male Size, Sperm Transfer, and Colony Fitness in the Western Harvester Ant, Pogonomyrmex Occidentalis[END_REF][START_REF] Brown | Resource supplements cause a change in colony sex-ratio specialization in the mound-building ant, Formica exsecta[END_REF], therefore forest colonies may have a higher fitness than city colonies whatever the treatment, suggesting a better general condition. As adult city workers unexpectedly faced a higher mortality (in contrast with Jacquier et al. (2021a), a hypothesis is that city workers may have undergone higher stress levels, maybe leading to less brood care.

Different studies documented phenotypic divergence between city and rural insect populations. For example, body size is sometimes higher [START_REF] Weller | Carabid beetle community composition, body size, and fluctuating asymmetry along an urban-rural gradient[END_REF][START_REF] Gomez | Ecotypic differentiation between urban and rural populations of the grasshopper Chorthippus brunneus relative to climate and habitat fragmentation[END_REF][START_REF] Lowe | Urbanisation at Multiple Scales Is Associated with Larger Size and Higher Fecundity of an Orb-Weaving Spider[END_REF][START_REF] Merckx | Body-size shifts in aquatic and terrestrial urban communities[END_REF][START_REF] Theodorou | Urbanization is associated with shifts in bumblebee body size, with cascading effects on pollination[END_REF] and sometimes lower [START_REF] Merckx | Body-size shifts in aquatic and terrestrial urban communities[END_REF][START_REF] Eggenberger | Urban bumblebees are smaller and more phenotypically diverse than their rural counterparts[END_REF] in city populations depending on the species. Interestingly, in Temnothorax species, previous studies found no differences in worker size across urban and rural populations [START_REF] Yilmaz | Remarkable insensitivity of acorn ant morphology to temperature decouples the evolution of physiological tolerance from body size under urban heat islands[END_REF]Jacquier et al., 2021a). Emergence rate (grasshoppers: [START_REF] Gomez | Ecotypic differentiation between urban and rural populations of the grasshopper Chorthippus brunneus relative to climate and habitat fragmentation[END_REF]damselfly: Tüzün et al., 2017) and development duration in the field also differs between urban and rural populations depending on the species (mosquitoes: [START_REF] Li | Urbanization Increases Aedes albopictus Larval Habitats and Accelerates Mosquito Development and Survivorship[END_REF], damselfly: Tüzün et al., 2017). In this study, we found a limited effect of the origin of larvae, independently of the feeding treatment, and no effect of the social environment, except for male size. Forest larvae had a 17% higher emergence rate and a 3.1% shorter development duration but a 2.3% larger size at emergence when they developed into workers, therefore appearing to be of better quality (even though worker size does not seem to be of primary value for colony fitness in this species [START_REF] Colin | Decreasing worker size diversity does not affect colony performance during laboratory challenges in the ant Temnothorax nylanderi[END_REF][START_REF] Honorio | Manipulation of worker size diversity does not affect colony fitness under natural conditions in the ant Temnothorax nylanderi[END_REF][START_REF] Honorio | Worker Size Diversity Has No Effect on Overwintering Success under Natural Conditions in the Ant Temnothorax nylanderi[END_REF] -but see [START_REF] Modlmeier | Starvation endurance in the ant Temnothorax nylanderi depends on group size, body size and access to larvae[END_REF]. Our study does not allow to further substantiate the processes involved, but two potential proximate mechanisms can be proposed. First, city colonies may have had a poor physiological and metabolic state at the beginning of the experiment because they faced multiple stressors related to their urban environment prior to the experiment.

Therefore, city queens could lay lower quality eggs, with larvae that develop slower and undergo lower emergence rate. Differences in egg provisioning though maternal or epigenetic effects can generate differences in development and emergence rate between larvae. For instance, juvenile hormone and ecdysteroid are transmitted to brood and influence development and emergence rate in ants [START_REF] Schwander | Maternal Effect on Female Caste Determination in a Social Insect[END_REF][START_REF] Cahan | Intergenerational effect of juvenile hormone on offspring in Pogonomyrmex harvester ants[END_REF][START_REF] Libbrecht | Interplay between insulin signaling, juvenile hormone, and vitellogenin regulates maternal effects on polyphenism in ants[END_REF] -see also [START_REF] Leboeuf | Oral transfer of chemical cues, growth proteins and hormones in social insects[END_REF][START_REF] Leboeuf | Molecular evolution of juvenile hormone esterase-like proteins in a socially exchanged fluid[END_REF]. Second, the differences between city and forest colonies could be genetically determined, as a recent study found a few discriminating loci [START_REF] Khimoun | Urbanization without isolation: The absence of genetic structure among cities and forests in the tiny acorn ant Temnothorax nylanderi[END_REF]. However, this study also highlighted a lack of genetic differentiation between urban and forest populations.

Another important social trait is colony size. Stress tolerance increases with colony size in many eusocial species [START_REF] Naug | Structure and resilience of the social network in an insect colony as a function of colony size[END_REF][START_REF] Scharf | Ant societies buffer individual-level effects of parasite infections[END_REF][START_REF] Modlmeier | Starvation endurance in the ant Temnothorax nylanderi depends on group size, body size and access to larvae[END_REF][START_REF] Crall | Social buffering of pesticides in bumblebees: Agent-based modeling of the effects of colony size and neonicotinoid exposure on behavior within nests[END_REF]. Here, we found no buffering effect of colony size with the exception of a contrasting effect on worker mortality rate (positive relationship under control treatment, but negative under cadmium) and a positive relationship with the development duration of workers and males. This is surprising, as other studies on T. nylanderi showed that larger colonies better resist starvation [START_REF] Modlmeier | Starvation endurance in the ant Temnothorax nylanderi depends on group size, body size and access to larvae[END_REF], parasites [START_REF] Scharf | Ant societies buffer individual-level effects of parasite infections[END_REF] or high temperatures [START_REF] Molet | Effect of temperature and social environment on worker size in the ant Temnothorax nylanderi[END_REF]. (Jacquier et al., 2021a) did not find any buffering effect of colony size on worker mortality, whatever the treatment. This suggests that the buffering effect of colony size in Temnothorax nylanderi is quite unstable and may depend on the measured traits and on the time at which the experiment is conducted. The absence of buffering effect of colony size under cadmium in our study could be explained by a higher sensitivity of large colonies to disturbances. Having more individuals could enhance the exposures to various stressors (pathogens, parasites, pollutions, etc.) and their transmission to nestmates. For example, in honey bees, larger colonies could be more sensitive to sublethal effects of pesticides and pathogens and undergo colony collapse disorder [START_REF] Barron | Death of the bee hive: Understanding the failure of an insect society[END_REF].

When the disturbance is too high, larger colonies could be more destabilized and collapse.

Thus, social organisms could be more exposed and vulnerable to environmental stressors than solitary organisms. Finally, the positive relationship between colony size and the development duration of workers and males is consistent with the loss of per-capita productivity as a function of colony size, found in many ant species (reviewed in [START_REF] Kramer | The role of per-capita productivity in the evolution of small colony sizes in ants[END_REF].

To conclude, we did not find any difference in cadmium tolerance between forest and city colonies, so we were not able assess the relative contributions of social environment and larval intrinsic factors. Replicating this study with colonies collected at the end of winter (the period at which a differential response to cadmium was found between forest and city colonies) would be necessary to assess it. However, interestingly, we found phenotypic differences between forest and city colonies, independently of the treatment, with forest larvae having a higher emergence rate and turning into larger workers. These differences were independent of the social environment, i.e. workers, contrasting with previous studies on other social insect species [START_REF] Pankiw | Genotype and rearing environment affect honeybee perception and foraging behaviour[END_REF][START_REF] Linksvayer | Direct, maternal, and sibsocial genetic effects on individual and colony traits in an ant[END_REF][START_REF] Linksvayer | Ant species differences determined by epistasis between brood and worker genomes[END_REF][START_REF] Linksvayer | Larval and nurse worker control of developmental plasticity and the evolution of honey bee queenworker dimorphism[END_REF][START_REF] Armitage | Immune defense in leaf-cutting ants: a cross-fostering approach[END_REF]. However, regarding males, we found a slight effect of the social environment, suggesting a higher social control on the phenotype of sexuals than on that of workers. We suggest that more attention should be paid to the role of the social environment in phenotypic divergence. Since our studies only involved two sites and one species, the generalization of our results will require the assessment of additional locations and species. 1.
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 1 Figure 1: Boxplots comparing the effects of the worker and larval origins (crossing) and feeding treatment on (a) the adult worker mortality rate, (b) the larval emergence rate, the development duration of laboratory-born (c) workers and (d) males. Boxes show median, quartiles and extremes. Significance is indicated by **p < 0.01 and *p < 0.05. Feeding had a significant effect on all variables (not shown in the figure for clarity). Statistics are presented in Table1.
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