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Introduction

Prenatal reproductive investment can vary with the breeding conditions experienced by females and may be adjusted to the expected fitness value of their current breeding event [START_REF] Mousseau | The adaptive significance of maternal effects[END_REF]. In oviparous species, the essential resources for embryonic development are accumulated in the eggs [START_REF] Carey | Female Reproductive Energetics[END_REF]. Mothers' condition or experience can lead to variation in the quantity and quality of these resources, which in turn can affect offspring growth, behavior, and survival ('maternal effects'; [START_REF] Bernardo | Maternal effects in animal ecology[END_REF][START_REF] Mousseau | The adaptive significance of maternal effects[END_REF][START_REF] Krist | Egg size and offspring quality: a meta-analysis in birds[END_REF]. In birds, variation in egg size has been shown to correlate with offspring quality [START_REF] Williams | Intraspecific variation in egg size and egg composition in birds: effects on offspring fitness[END_REF][START_REF] Krist | Egg size and offspring quality: a meta-analysis in birds[END_REF]), but eggs laid by the same female are often highly consistent in size across breeding attempts, indicating that females' ability to adjust egg size may be limited [START_REF] Christians | Avian egg size: variation within species and inflexibility within individuals[END_REF][START_REF] Fortuna | Maternal allocation in relation to weather, predation and social factors in a colonial cooperative bird[END_REF]. Alternatively, egg components, such as nutrients and hormones, appear to vary to a greater extent with females' prenatal environment [START_REF] Groothuis | Maternal hormones as a tool to adjust offspring phenotype in avian species[END_REF][START_REF] Eeva | Geographical trends in the yolk carotenoid composition of the pied flycatcher (Ficedula hypoleuca)[END_REF]) and may thus be important alternative pathways for flexible maternal allocation [START_REF] Saino | Carotenoid concentration in barn swallow eggs is influenced by laying order, maternal infection and paternal ornamentation[END_REF][START_REF] Williamson | Yolk antioxidants and mate attractiveness in the Zebra finch[END_REF].

In cooperative breeders, females experience variable social conditions due to variation in the number of 'helpers' that assist with offspring care. Helpers provide food and other types of care to the offspring (e.g., protection from predators), often resulting in a positive correlation between number of helpers and offspring success and/or parental survival [START_REF] Brouwer | Experimental evidence for helper effects in a cooperatively breeding cichlid[END_REF][START_REF] Downing | The benefits of help in cooperative birds: nonexistent or difficult to detect?[END_REF][START_REF] Downing | Hard-working helpers contribute to long breeder lifespans in cooperative birds[END_REF][START_REF] D'amelio | Disentangling climatic and nest predator impact on reproductive output reveals adverse hightemperature effects regardless of helper number in an arid-region cooperative bird[END_REF], although sometimes varying in strength and direction depending on environmental conditions [START_REF] Rubenstein | Spatiotemporal environmental variation, risk aversion, and the evolution of cooperative breeding Content courtesy of Springer Nature, terms of use apply. Rights reserved. as a bet-hedging strategy[END_REF]Capilla-Lasheras et al. 2021a;[START_REF] Groenewoud | Meerkat helpers buffer the detrimental effects of adverse environmental conditions on fecundity, growth and survival[END_REF]. Mothers could benefit from helpers' presence by adopting one of two opposite prenatal reproductive strategies: (1) loadlightening, whereby females save energy by investing less in eggs when breeding with helpers, who compensate for this by providing food to the offspring, ultimately benefiting mothers' survival and/or future reproduction [START_REF] Russell | Reduced egg investment can conceal helper effects in cooperatively breeding birds[END_REF][START_REF] Taborsky | Mothers adjust egg size to helper number in a cooperatively breeding cichlid[END_REF], or [START_REF] Noble | Lipid metabolism and the neonatal chicken[END_REF] increased pre-birth investment when breeding with helpers, often called a differential allocation strategy [START_REF] Russell | Maternal effects in cooperative breeders: from hymenopterans to humans[END_REF][START_REF] Dixit | The relationship between egg size and helper number in cooperative breeders: a meta-analysis across species[END_REF], thereby increasing current offspring survival by investing more energy in reproduction when breeding under favorable conditions (i.e., lifehistory theory ;[START_REF] Stearns | The evolution of life histories[END_REF][START_REF] Cunningham | Egg investment is influenced by male attractiveness in the mallard[END_REF][START_REF] Sheldon | Differential allocation: tests, mechanisms and implications[END_REF][START_REF] Russell | Maternal effects in cooperative breeders: from hymenopterans to humans[END_REF][START_REF] Savage | Maternal allocation in cooperative breeders: should mothers match or compensate for expected helper contributions?[END_REF][START_REF] Valencia | Maternal allocation in eggs when counting on helpers in a cooperatively breeding bird[END_REF]Capilla-Lasheras et al. 2021b). Prenatal 'load-lightening' and 'differential allocation' have been mostly investigated for egg size, with no overall consensus (meta-analysis from [START_REF] Dixit | The relationship between egg size and helper number in cooperative breeders: a meta-analysis across species[END_REF] updated in [START_REF] Fortuna | Maternal allocation in relation to weather, predation and social factors in a colonial cooperative bird[END_REF]. To date, only two studies investigated whether maternal allocation in egg components may vary with helper presence [START_REF] Russell | Reduced egg investment can conceal helper effects in cooperatively breeding birds[END_REF][START_REF] Paquet | Maternal effects in relation to helper presence in the cooperatively breeding sociable weaver[END_REF].

Egg components are crucial for offspring development, with the major source of nutrients and energy being yolk lipids and proteins [START_REF] Carey | Female Reproductive Energetics[END_REF]. Moreover, yolk carotenoids and vitamins influence the development of the embryo's antioxidant and immune systems (reviewed in [START_REF] Biard | Maternal effects mediated by antioxidants and the evolution of carotenoid-based signals in birds[END_REF], and enhance antioxidant responses and immunity in adulthood [START_REF] Olson | Costly sexual signals: are carotenoids rare, risky or required?[END_REF][START_REF] Surai | Carotenoids in avian nutrition and embryonic development. 2. Antioxidant properties and discrimination in embryonic tissues[END_REF]. Nutrient-rich eggs result in better-quality offspring [START_REF] Saino | Experimental manipulation of egg carotenoids affects immunity of barn swallow nestlings[END_REF][START_REF] Mcgraw | Maternally derived carotenoid pigments affect offspring survival, sex ratio, and sexual attractiveness in a colorful songbird[END_REF][START_REF] Biard | An analysis of pre-and posthatching maternal effects mediated by carotenoids in the blue tit[END_REF]), but nutrients are limited for females in natural environments, leading to a trade-off between the resources allocated to current offspring and the ones retained for the female [START_REF] Erikstad | On the cost of reproduction in long-lived birds: the influence of environmental variability[END_REF][START_REF] Blount | Egg-laying capacity is limited by carotenoid pigment availability in wild gulls Larus fuscus[END_REF]). One study in superb fairy-wrens Malurus cyaneus analyzed 17 clutches and found evidence for load-lightening in yolk mass, lipids, and proteins in the presence of helpers [START_REF] Russell | Reduced egg investment can conceal helper effects in cooperatively breeding birds[END_REF]. Instead, in sociable weavers Philetairus socius, no support was found for helper effects on egg carotenoid levels (of 84 clutches; [START_REF] Paquet | Maternal effects in relation to helper presence in the cooperatively breeding sociable weaver[END_REF].

In addition to nutrients, egg hormones may also be influenced by mothers' social environment. In non-cooperatively breeding species, social factors have been shown to influence circulating androgens and corticosterone levels, and the concentration of these hormones in females' eggs [START_REF] Gil | Evolution of yolk androgens in birds: development, coloniality, and sexual dichromatism[END_REF][START_REF] Dentressangle | Maternal investment in eggs is affected by male feet colour and breeding conditions in the blue-footed booby[END_REF][START_REF] Safran | Egg-yolk androgen and carotenoid deposition as a function of maternal social environment in barn swallows Hirundo rustica[END_REF][START_REF] Van Dijk | Maternal effects in the highly communal sociable weaver may exacerbate brood reduction and prepare offspring for a competitive social environment[END_REF][START_REF] Bentz | Evolutionary implications of interspecific variation in a maternal effect: a meta-analysis of yolk testosterone response to competition[END_REF]. Androgens, and particularly testosterone and androstenedione (A4) which have been extensively studied in birds, may enhance offspring competitive abilities, through faster development [START_REF] Schwabl | Yolk is a source of maternal testosterone for developing birds[END_REF][START_REF] Eising | Maternal androgens in black-headed gull (Larus ridibundus) eggs: consequences for chick development[END_REF]) and stronger begging behavior (e.g., [START_REF] Eising | Yolk androgens and begging behaviour in black-headed gull chicks: an experimental field study[END_REF], but high levels of these hormones can also have harmful effects on offspring immune responses and survival, showing overall great variation in effect size and direction within and across the species studied (see reviews [START_REF] Groothuis | Maternal hormones as a tool to adjust offspring phenotype in avian species[END_REF][START_REF] Von Engelhardt | Chapter 4 -Maternal Hormones in Avian Eggs[END_REF]. Corticosterone, the primary glucocorticoid in birds, can be transferred from mothers to their eggs and has been shown to negatively influence offspring growth rate and body mass when present at high levels [START_REF] Hayward | Maternal corticosterone is transferred to avian yolk and may alter offspring growth and adult phenotype[END_REF][START_REF] Rubolini | Effects of elevated egg corticosterone levels on behavior, growth, and immunity of yellow-legged gull (Larus michahellis) chicks[END_REF][START_REF] Saino | Stressed mothers lay eggs with high corticosterone levels which produce low-quality offspring[END_REF], but mother-egg transfers of corticosterone have similarly been suggested to program offspring to better survive in harsher environments [START_REF] Hayward | Maternal corticosterone is transferred to avian yolk and may alter offspring growth and adult phenotype[END_REF][START_REF] Love | Maternal adversity and ecological stressors in natural populations: the role of stress axis programming in individuals, with implications for populations and communities[END_REF]. In cooperative breeders, the only study that explored how helpers' presence influences egg hormonal concentrations [START_REF] Paquet | Maternal effects in relation to helper presence in the cooperatively breeding sociable weaver[END_REF] found that females without helpers laid eggs with more testosterone and A4, possibly to produce more competitive offspring (see also [START_REF] Cariello | Maternal androgens in eggs of communally breeding guira cuckoos (Guira guira)[END_REF] for an example in joint-nest species). Further studies are thus Content courtesy of Springer Nature, terms of use apply. Rights reserved.

1 3 needed to understand hormonal maternal allocation in cooperative breeders [START_REF] Russell | Maternal effects in cooperative breeders: from hymenopterans to humans[END_REF][START_REF] Bebbington | Who listens to mother? A wholefamily perspective on the evolution of maternal hormone allocation[END_REF].

Finally, an overlooked issue is whether helpers' presence affects how mothers distribute resources within clutches. Eggs' fitness value can vary with laying order and latterlaid eggs commonly have lower survival chances [START_REF] Nager | Within-Clutch trade-offs between the number and quality of eggs: experimental manipulations in gulls[END_REF][START_REF] Acevedo | Long-term research and hierarchical models reveal consistent fitness costs of being the last egg in a clutch[END_REF]). In addition, variability in egg size and contents across the laying sequence has been well demonstrated [START_REF] Slagsvold | On the adaptive value of intraclutch egg-size variation in birds[END_REF][START_REF] Schwabl | Yolk is a source of maternal testosterone for developing birds[END_REF][START_REF] Kozlowski | Egg size and yolk steroids vary across the laying order in cockatiel clutches: a strategy for reinforcing brood hierarchies?[END_REF]. 'Cheaper' components like hormones are often found to increase with egg laying order, which may increase the survival of later-hatched offspring [START_REF] Royle | Maternally derived androgens and antioxidants in bird eggs: complementary but opposing effects?[END_REF][START_REF] Groothuis | Maternal hormones as a tool to adjust offspring phenotype in avian species[END_REF][START_REF] Kozlowski | Egg size and yolk steroids vary across the laying order in cockatiel clutches: a strategy for reinforcing brood hierarchies?[END_REF], and costly components such as nutrients [START_REF] Ojanen | Egg development and the related nutrient reserve depletion in the pied flycatcher Ficedula Hypoleuca[END_REF][START_REF] Williams | Mechanisms underlying the costs of egg production[END_REF] often decrease across the laying sequence [START_REF] Royle | Parental investment and egg yolk lipid composition in gulls[END_REF][START_REF] Saino | Carotenoid concentration in barn swallow eggs is influenced by laying order, maternal infection and paternal ornamentation[END_REF][START_REF] Kozlowski | Egg size and yolk steroids vary across the laying order in cockatiel clutches: a strategy for reinforcing brood hierarchies?[END_REF]. This reduction may be a consequence of nutrient depletion in female reserves and/or a strategy to allocate less resources to offspring that are less likely to survive [START_REF] Slagsvold | On the adaptive value of intraclutch egg-size variation in birds[END_REF][START_REF] Williams | Is intraclutch egg-size variation adaptive in the lesser snow goose?[END_REF][START_REF] Crean | Coping with environmental uncertainty: dynamic bet hedging as a maternal effect[END_REF][START_REF] Vedder | Early mortality saves energy: estimating the energetic cost of excess offspring in a seabird[END_REF]. Since helpers may generally increase offspring survival (although such effect may be modulated by climatic conditions; Rubenstein 2011; [START_REF] Downing | The benefits of help in cooperative birds: nonexistent or difficult to detect?[END_REF]Capilla-Lasheras et al. 2021a, b;[START_REF] D'amelio | Disentangling climatic and nest predator impact on reproductive output reveals adverse hightemperature effects regardless of helper number in an arid-region cooperative bird[END_REF][START_REF] Groenewoud | Meerkat helpers buffer the detrimental effects of adverse environmental conditions on fecundity, growth and survival[END_REF], the adaptive value of laying later-laid eggs richer in hormones or poorer in nutrients could be modulated by helpers' presence (Fig. 1), and it is therefore important to study how laying order and helpers' presence interact to shape egg composition and offspring survival.

Here, we test whether maternal allocation to egg mass, yolk mass, yolk nutrients, and hormones varies with females' breeding group size and laying order in the cooperatively breeding sociable weaver. First, we use data collected over seven breeding seasons to test whether and how offspring survival, via fledging probability, varies with laying order, which allows us to make predictions on how group size could modulate laying order effects. In sociable weavers, there is a size hierarchy among chicks due to hatching asynchrony. We then examine how egg mass and content vary with laying order and group size. We collected egg mass data during eight breeding seasons and, for egg content, we collected 59 clutches in two breeding seasons and measured nine egg components, representing three groups of compounds: yolk mass, lipids and proteins (macro-nutrients group), carotenoids, vitamin A and vitamin E (micronutrients group) and testosterone, A4, and corticosterone (hormones group). For nutrient allocation, we had opposite predictions according to the 'load-lightening' or the 'differential allocation' hypotheses (see Fig. 1). Finally, as a post hoc test given our results, we examine whether group size interacts with laying order effects on offspring hatching and fledging success.

Methods

Study system and data collection

Sociable weavers are a cooperatively breeding passerine endemic to southern Africa. They build communal nests, Fig. 1 Predictions for the effect of helper number (less helpers than average represented by grey dashed line, more helpers than average by blue solid line) on how nutrients (a and b) and hormones (c) vary with laying order. In (a), the prediction is for 'load-lightening', whereby females with more helpers reduce nutrient allocation to eggs less likely to survive (i.e., latter-laid eggs). In (b), the prediction is for 'differential allocation', whereby females with more helpers allocate more resources toward later-laid eggs than females with less helpers. In (a) and (b), differences in nutrient allocation between females with more and less helpers should be more pronounced for latter-laid eggs and, even though different intercepts could also be expected, the previous results suggest no differences for first-laid eggs in this species (see [START_REF] Paquet | Maternal effects in relation to helper presence in the cooperatively breeding sociable weaver[END_REF]. In (c), the prediction is for hormone variation, and is the same for the 'load-lightening' and the 'differential allocation' scenarios. Females with more helpers are expected to lay eggs with lower hormone levels (see [START_REF] Paquet | Maternal effects in relation to helper presence in the cooperatively breeding sociable weaver[END_REF]). However, later-laid eggs are expected to have higher hormonal concentration than first eggs to mitigate hatching asynchrony effects on offspring survival, which should be stronger without helpers Content courtesy of Springer Nature, terms of use apply. Rights reserved.

'colonies', and each colony has several independent chambers where breeding pairs and helpers roost and breed (Maclean 1973a). Breeders can be assisted by one or several helpers with nestling feeding (Maclean 1973b), nest building and sanitation [START_REF] Ferreira | Benefits and costs of helpers: investigating the underlying mechanisms[END_REF]. Helper number appears predictable by females at laying, as most helpers are previous offspring of the breeders [START_REF] Covas | Kin associations and direct vs indirect fitness benefits in colonial cooperatively breeding sociable weavers Philetairus socius[END_REF][START_REF] Fortuna | Begging and feeding responses vary with relatedness and sex of provisioners in a cooperative breeder[END_REF], roosting group sizes before breeding were found to correlate with breeding group sizes [START_REF] Paquet | Communal roosting, thermoregulatory benefits and breeding group size predictability in cooperatively breeding sociable weavers[END_REF], and social bonds estimated via feeding associations, although present between birds from the same colony, are stronger within breeding groups [START_REF] Ferreira | How to make methodological decisions when inferring social networks[END_REF].

Sociable weavers breed for several months [START_REF] Mares | Breeding decisions and output are correlated with both temperature and rainfall in an arid-region passerine, the sociable weaver[END_REF] and can have up to 11 breeding attempts per season (Maclean 1973c;[START_REF] Fortuna | Maternal allocation in relation to weather, predation and social factors in a colonial cooperative bird[END_REF]. Clutch size typically ranges between 2 and 4 eggs and females lay one egg per day [START_REF] Covas | The effect of helpers on artificially increased brood size in sociable weavers (Philetairus socius)[END_REF][START_REF] Fortuna | Maternal allocation in relation to weather, predation and social factors in a colonial cooperative bird[END_REF]. The incubation period lasts around 15 days and nestlings normally hatch asynchronously (Maclean 1973c;[START_REF] Covas | The effect of helpers on artificially increased brood size in sociable weavers (Philetairus socius)[END_REF]. The subsequent nestling period lasts for 21-25 days (Maclean 1973c).

This work was conducted at Benfontein Nature Reserve, Northern Cape Province, South Africa (28°520 S, 24°500 E), under permission from landowners, provincial authorities, and the UCT Ethics committee.

We monitored the breeding activity of 16 sociable weaver colonies during 8 breeding seasons (from 2010/2011 to 2017/2018) to obtain data on egg mass, egg laying order, and fledging success (see online Appendix A1 for details on data collection; D' Amelio et al. 2021;[START_REF] Fortuna | Maternal allocation in relation to weather, predation and social factors in a colonial cooperative bird[END_REF]. We obtained a sample of 779 eggs (in 326 nests from 14 colonies) with known mass and laying order, and for which breeding female's identity, tarsus size, and group size were identified (see below). The sample of hatched eggs with known chick fate (fledged or not; see below), known egg mass and laying order, and known mother identity was of 419 (for 258 nests from 16 colonies; see below).

Egg content

Over two non-consecutive breeding seasons, 2014 and 2017, we collected a total of 174 eggs (59 clutches) for content assessment. In 2014, 129 eggs (43 clutches) were collected between September and October, and in 2017, 45 eggs (16 clutches) were collected between October and December. This represented 7.5% of the clutches laid by this population in the two breeding seasons (N = 784 clutches) and is considerably lower than the estimated annual brood failure only due to predation (ca. 22.5%; see D'Amelio et al. 2021), to which sociable weavers usually respond by laying one or several replacement clutches [START_REF] Covas | Helpers in colonial cooperatively breeding sociable weavers Philetairus socius contribute to buffer the effects of adverse breeding conditions[END_REF][START_REF] Fortuna | Maternal allocation in relation to weather, predation and social factors in a colonial cooperative bird[END_REF]. Sociable weavers can re-lay over ten times in the same season, and we therefore consider that egg removal had similar, or smaller, effects in their reproduction to egg loss under natural predation conditions [START_REF] Covas | Helpers in colonial cooperatively breeding sociable weavers Philetairus socius contribute to buffer the effects of adverse breeding conditions[END_REF][START_REF] Fortuna | Maternal allocation in relation to weather, predation and social factors in a colonial cooperative bird[END_REF]. Furthermore, clutches laid by the same female were not collected twice (even across seasons).

Eggs were collected after weighing, 2 days after the first egg was found (most clutches have 3 eggs; 4th eggs were collected if found on the following day; [START_REF] Fortuna | Maternal allocation in relation to weather, predation and social factors in a colonial cooperative bird[END_REF], and were stored whole by freezing at -20 °C. From the 174 eggs collected, four eggs got damaged during transportation and only 170 could be analyzed.

We measured 9 egg components, representing 3 groups of compounds: yolk mass, lipids and proteins (macro-nutrients), carotenoids, vitamin A and vitamin E (micro-nutrients) and testosterone, A4, and corticosterone (hormones). Each batch of samples was analyzed during the season of collection, except corticosterone concentration of the 2014 samples which was measured at the same time as the 2017 samples. Hormonal assays for all eggs were conducted in the same laboratory (see [START_REF] Fanson | Inter-laboratory variation in corticosterone measurement: Implications for comparative ecological and evolutionary studies[END_REF].

Detailed methods of yolk contents' analyzes are available in online Appendix A2-6. Briefly, yolks were separated from the albumen while defrosting and weighed at the nearest 0.001 g (online Appendix A2). Yolk lipids' concentration was obtained by extraction with chloroform (online Appendix A3) and proteins' concentration by CHN (determination of carbon, nitrogen, and hydrogen contents; online Appendix A4). Fresh yolk carotenoid concentrations were determined by colorimetry in 2014 and, in 2017, carotenoid concentration and composition were determined by reverse-phase high-performance liquid chromatography (HPLC; online Appendix A5; see Table S1 for description of carotenoid composition). Vitamin A (retinol) and vitamin E (sum of δ-, γ-, and α-tocopherol) concentrations were determined by HPLC (online Appendix A5; see Table S1). Yolk concentrations of testosterone, A4, and corticosterone were determined by radioimmunoassay (RIA) and enzyme-linked immunosorbent assay (ELISA; online Appendix A6). Sample sizes for each egg component can be found in Table S2.

Correlations between egg components are given in Fig. S1.

Group size and females' identification

Individuals visiting the nests were identified using direct observations from 2010 to 2013/14, and by video recording nests for a minimum of 2 h from 2014/15 on (see [START_REF] Silva | Females pay the oxidative cost of dominance in a highly social bird[END_REF].

When possible, nests were observed/recorded more than once during the nestling period, as different individuals may visit the nests in different days and additional helpers can appear when nestlings are older (Ferreira A., personal communication). Since only some broods survive until fledging, and consequently, we do not have an accurate measure of maximum group size for all nests, group size was calculated Content courtesy of Springer Nature, terms of use apply. Rights reserved.
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as the mean number of birds seen visiting the nests over all observations of each breeding attempt. Only birds that appeared at least 3 times (in the same day or different days) were considered, to avoid including prospecting individuals that do not share the workload with the parents. Nest building visits were excluded and unringed birds were included (counted as 1 bird).

To identify breeding females, we used a combination of criteria: incubation video recordings (for collected clutches, recorded before collection) and video recordings or direct observations of feeding visits in current and/or posterior breeding attempts in the same nest and colony. We then used information from genetic analysis from blood samples [START_REF] Paquet | Antagonistic effect of helpers on breeding male and female survival in a cooperatively breeding bird. Griffith S[END_REF] and field data [START_REF] Silva | Females pay the oxidative cost of dominance in a highly social bird[END_REF] to attribute parentage to the birds seen (see online Appendix A7 for details; [START_REF] Fortuna | Maternal allocation in relation to weather, predation and social factors in a colonial cooperative bird[END_REF].

For the collected clutches, we identified the breeding female of 51 out of 59 clutches. The group size of these females could not be estimated during rearing due to collecting the eggs and was instead estimated from their subsequent breeding attempts for 46 out of 51 females. We expected that group size would not severely change in their next breeding attempt, as no juveniles were produced (since all eggs were collected) and most replacement clutches were laid within 2 months. Furthermore, we found a correlation of 0.57 (95 CI [0.33; 0.75]; p < 0.001; N = 50) between the size of two consecutive groups of the same breeding female, when using the long-term database (see details in online Appendix A8).

Statistical analyses

Data were analyzed in R version 4.0.4 (R Development Core Team 2021).

Fledging probability

Before running egg mass and content models, we tested how fledging probability varied with laying order. This allowed us to make predictions on how helper number could modulate laying order effects (Fig. 1). For this, we fitted a binomial generalized linear mixed model (GLMM) with 'fledged' as a binary response variable (0 if the chick did not fledge, 1 if it did) and laying order as a continuous variable (as we predicted a linear increase/decrease in contents with laying order, see Fig. 1), while controlling for clutch size and egg mass as fixed effects and nest identity (i.e.: brood identity) and breeding female identity as random effects (see further details in online Appendix A9).

Egg mass

To test whether group size interacted with laying order, we fitted a linear mixed model (LMM) with egg mass as response variable and laying order, group size, and their interaction as variables of interest. As covariates, we included clutch size and mother tarsus size, which was previously found to explain egg mass variation [START_REF] Fortuna | Maternal allocation in relation to weather, predation and social factors in a colonial cooperative bird[END_REF] In the previous studies, short-term effects of rainfall and temperature on sociable weavers' egg size and composition were not detected [START_REF] Paquet | Maternal effects in relation to helper presence in the cooperatively breeding sociable weaver[END_REF][START_REF] Fortuna | Maternal allocation in relation to weather, predation and social factors in a colonial cooperative bird[END_REF]) and we thus did not include climatic variables in our models, but accounted for inter-annual variation in climate by including a 'season' variable. The single effect of group size and covariates on egg mass will not be discussed here as a previous analysis was performed in an extension of the dataset used here (i.e., not including laying order, N = 1928; here N = 779; see [START_REF] Fortuna | Maternal allocation in relation to weather, predation and social factors in a colonial cooperative bird[END_REF]. The random terms' structure included nest, breeding female, colony identity, and season. Spearman rank correlation coefficients were never above 0.26. This and all models described hereafter were run in a Bayesian framework using the MCMCglmm package (Hadfield 2010), because it better accommodated random terms with low estimated variance (see Tables S4-S15 in online Appendix B). We scaled and centered all numerical independent variables to improve interpretation and comparison of effects and to enable interpreting main effects when these are included in an interaction [START_REF] Schielzeth | Simple means to improve the interpretability of regression coefficients: interpretation of regression coefficients[END_REF], respectively. This was done by subtracting their mean and dividing by one standard deviation, and numerical response variables were scaled by dividing by one standard deviation. We used vague priors for all parameters (for details on model procedures, priors and diagnostics, see online Appendix A9). For each estimate, we present mean and 95% credible intervals of the posterior samples (or highest posterior densities intervals; 95CrI). We report effects as statistically credible when 95CrI do not overlap zero and discuss effects in which 95CrI slightly overlap zero.

Yolk mass and contents

To test if group size and laying order had interactive effects on egg content, we fitted separate LMMs using each component as response variable: yolk mass, carotenoids' concentration, lipids percentage, proteins percentage, concentrations of vitamin A, vitamin E, testosterone, A4, and corticosterone (see online Appendix A9 for models' details). Two random terms representing colony and mother identity were included (only one clutch was collected per breeding female across the two seasons), and fixed covariates: clutch size, season (due to only having 2 levels; to account for seasonal climatic effects and variation in laboratory procedures in the two seasons-see "Methods"), and predator-protection status as a binary factor, since some eggs in 2014 were collected in colonies where a predator-exclusion experiment was running (0 for control colonies, 1 for protected colonies; see Fortuna Content courtesy of Springer Nature, terms of use apply. Rights reserved.

1 3 et al. 2021 for information on the experiment). We did not expect interactive effects of group size and laying order to differ between predation treatments and therefore did not consider a three-way interaction. For the yolk components measured in a smaller sample of eggs (vitamin A, vitamin E, and A4 concentrations; 36 eggs from 14 clutches; see Table S2), fixed covariates were not added to the model to avoid overparameterization and results should thus be interpreted with caution (none of these clutches was collected in predator-protected colonies). Since eggs/yolks of different weight could still be similarly rich in some nutrients/hormones (e.g., yolk mass decreases with laying order-see Results-but absolute quantity of carotenoids allocated is similar for all eggs), models were run with and without egg mass and yolk mass as covariates to estimate relative and absolute changes in content (see detailed explanation in online Appendix A9), but results in absolute terms are only mentioned below when they differed from relative changes.

Helper effects on offspring survival: post hoc test

Based on the egg content findings showing that females with more helpers laid eggs richer in nutrients (see Results), we predicted that these eggs could have a higher survival probability than eggs laid by females with fewer helpers, especially later-laid ones (see below). Therefore, as a post hoc analysis, we ran two models testing if group size and laying order had interactive effects on hatching and on fledging probability as binary response variables (0 if the chick did not hatch/fledge, 1 if it did). Models' structure was the same as in the fledging probability model (see online Appendix A9), only adding group size in interaction with laying order. These binomial generalized linear mixed models (logit link) were fitted in MCMCglmm with priors for fixed and random terms as described above but fixing the prior residuals' variance to 1 [START_REF] Hadfield | MCMCglmm course notes[END_REF]. Latent variables were truncated to prevent under/overflow [START_REF] Hadfield | MCMC Methods for Multi-Response Generalized Linear Mixed Models: The MCMCglmm R Package[END_REF]. Number of iterations, burn-in, and thinning intervals were adjusted to ensure minimum effective sample sizes of 1000 (see code for details). Plots show raw data and the predicted effects estimated using the 'predict' function in MCMCglmm [START_REF] Hadfield | MCMC Methods for Multi-Response Generalized Linear Mixed Models: The MCMCglmm R Package[END_REF]. We present means [and 95CrIs] from the posterior distributions of interest in the results.

Results

Fledging probability

Results showed that the probability of fledging was negatively correlated with the egg position in the laying sequence (Fig. 2; Table S3), suggesting that offspring reproductive value varies with laying order. We therefore predicted that helper number effects on maternal allocation would be more evident in later-laid eggs, i.e., offspring with lower survival probability (see Fig. 1).

Egg mass

We found no evidence for an interactive effect of group size and laying order on egg mass (-0.01 [-0.05; 0.04]; p = 0.602; N = 779; Fig. S2; Table S4), but later-laid eggs were heavier than first-laid eggs (0.19 [0.14; 0.23]; p = 0.001; Fig. S2; Table S4).

Egg components

Macro-nutrients: yolk mass, lipids, and proteins

Yolk mass varied differently with laying order depending on group size (interaction = 0.12 [0.02; 0.24]; p = 0.034; N = 122; Figs. 3a andS3; Table S5). For females without helpers, fourth eggs' yolk was predicted to be on average 0.1 g lighter than first eggs' yolk (4th egg = 0.59 [0.54; 0.64] g; 1st egg = 0.70 [0.65; 0.73]g), representing a decrease of approximately 16%, while for females with a group size above average (approximately 4 helpers), this represented only a 1% decrease on average (4th egg = 0.68 [0.62;0.74] g; 1st egg = 0.69 [0.64; 0.74]g; Fig. 3a). There was no evidence for an overall effect of group size on yolk mass (0.11 [-0.07; 0.30]; p = 0.276; Figs. 3a andS3; Table S5). Yolk mass, in terms of proportion of yolk in relation to egg mass, varied negatively with laying order (-0.16 [-0.27;-0.04]; p = 0.004; Figs. 3a andS3; Table S5), while absolute changes in yolk mass followed a similar trend but not as clear statistically (Table S5). S6). Females without helpers were predicted to lay fourth eggs with 17% less yolk lipids than first eggs (4th egg = 36 [24; 48]%; 1st egg = 53 [44; 63]%), whereas females with group sizes above average laid fourth eggs with on average 7% more yolk lipids than the first egg (4th egg = 63 [50; 75]%; 1st egg = 56 [46; 65]%; Fig. 3b). In general, females with more helpers produced eggs richer in yolk lipids (0.34 [0.08; 0.55]; p = 0.012; Figs. 3b andS3; Table S6).

For yolk proteins, we found no evidence for effects of the interaction (0.04 [-0.13; 0.21]; p = 0.652; N = 117; Figs. 3c andS3; Table S7) or for group size (0.07 [-0.16; 0.32]; p = 0.580; Figs. 3c andS3; Table S7) and laying order (0.07 [-0.11; 0.24]; p = 0.462; Figs. 3c andS3; Table S7) as single terms.

Micro-nutrients: carotenoids, vitamin A, and vitamin E

We found no evidence that group size interacted with laying order to explain variation in carotenoids (-0.05 [-0.14; 0.06]; p = 0.350; N = 119; Figs. 3d andS3; Table S8), vitamin A (-0.13 [-0.37;0.12]; N = 36; p = 0.264; Figs. 3e andS3; Table S9), and vitamin E concentrations (-0.16 [-0.33; 0.04]; p = 0.088; N = 36; Figs. 3f andS3; Table S10).

There was also no evidence for a main effect of group size on yolk carotenoid (0.03 [-0.22; 0.28]; p = 0.812; Figs. 3d andS3; Table S8), vitamin A (-0.27 [-0.78; 0.29]; p = 0.256; Figs. 3e andS3; Table S9), and vitamin E concentrations (0 [-0.79; 0.64]; p = 0.974; Figs. 3f andS3; Table S10).

Laying order correlated negatively with yolk carotenoid (-0.35 [-0.46; -0.25]; p = 0.001 Figs. 3d andS3; Table S8) and vitamin E concentrations (-0.30 [-0.48; -0.10]; p = 0.006; Figs. 3f andS3; Table S10) and tended to correlate positively with vitamin A (0.23 [-0.02; 0.48]; p = 0.070; Figs. 3e andS3; Table S9).

Hormones: testosterone, A4, and corticosterone

We found no support for an interactive effect of group size and laying order on hormonal concentration, namely on testosterone (-0.03 [-0.16; 0.08]; p = 0.624; N = 122; Figs. 3g andS3; Table S11), A4 (0.03 [-0.21; 0.28]; p = 0.838; Fig. 3 Relationship between egg components (a to i) and laying order for females with different group sizes. Lines represent the posterior predicted means and 95% credible intervals for three group size values: group size = 2 (no helpers; grey dotted line), mean group size (between 2.6 and 4 depending on dataset; orange dashed line) and the average between mean and maximum group size (between 3.3 and 5.6; blue solid line). Points represent raw data and point colors represent observations for groups without helpers, groups between group size = 2 and mean group size or group sizes above the mean (rounded to the nearest integer)
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1 3 N = 36; Figs. 3h andS3; Table S12), and corticosterone (-0.02 [-0.13; 0.11]; p = 0.758; N = 122; Figs. 3i andS3; Table S13).

Contrary to expected, there were no detectable main effects of group size on testosterone (0.21 [-0.09; 0.50]; p = 0.146; Figs. 3g andS3; Table S11), A4 (-0.36 [-0.78; 0.11]; p = 0.098; Figs. 3h andS3; Table S12) or corticosterone (-0.08 [-0.34; 0.22]; p = 0.584; Figs. 3i andS3; Table S13).

Finally, we found no support for laying order effects on testosterone (-0.07 [-0.20; 0.05]; p = 0.262; Figs. 3g andS3; Table S11). However, later-laid eggs had higher corticosterone concentration (0.16 [0.01; 0.27]; p = 0.014; Figs. 3i andS3; Table S13) and tended to have higher A4 concentration (0.25 [0; 0.50]; p = 0.056; Figs. 3h andS3; Table S12).

Interaction between laying order and group size on offspring survival

Post hoc analyses showed no evidence for an interaction between laying order and group size on hatching (OR 0.92 [0.66; 1.25]; p = 0.620; N = 331; Fig. S4; Table S14) or fledging probabilities (OR 1.20 [0.56; 2.52]; p = 0.649; N = 226; Fig. 4; Table S15).

At hatching, there were no detectable group size main effects (OR 1.02 [0.75; 1.43]; p = 0.880; Fig. S4; Table S14), but later-laid eggs were less likely to hatch than earlier-laid ones (OR 0.48 [0.34; 0.66]; p < 0.001; Fig. S4; Table S14).

Fledging probability correlated positively with group size as a single term (OR 4.77 [1.51;16.26]; p = 0.002; Fig. 4; Table S15). Females without helpers were predicted to lay eggs with a fledging probability of 44% [25; 63], while eggs from females with an average group size were estimated to survive until fledging 57% [39;75] of the times, and 73% [0.54; 0.90] of the times when laid by females with a group size above average (Fig. 4). In accordance with the first fledging probability model (larger dataset than here, see Fig. 2 and online Appendix B1), later-laid eggs tended to have lower fledging probabilities (OR 0.53 [0.28;1.00]; p = 0.047; Fig. 4; Table S15).

Discussion

Here, we tested whether maternal allocation to egg mass, yolk nutrients-yolk mass, lipids, proteins, carotenoids, vitamins A and E-and hormones-testosterone, A4, and corticosterone-varied with group size and laying order in sociable weavers. Our aim was to investigate if females adopt flexible prenatal reproductive strategies as their number of helpers varies that could increase offspring's and/ or their own fitness. We first showed that laying order was negatively associated with fledging success, implying that eggs' reproductive value varies within clutches. We then obtained two results concurring with the 'differential allocation' predictions, as later-laid eggs of females with more helpers had heavier yolks and more lipids when compared to females with fewer helpers and, overall, females with more helpers laid eggs richer in lipids. In contrast, remaining yolk nutrients and hormones were independent of females' group size. As expected, latter-laid eggs had lower antioxidant levels but were more concentrated in corticosterone and A4. Finally, we ran a post hoc test examining if eggs laid by females with more helpers, especially later-laid ones, would show higher survival, which could be partially explained by the detected differences in yolk mass and lipids. This analysis showed that females with more helpers laid eggs with a higher fledging, but not hatching, probability, and that this was independent of laying order. This suggests that 'differential allocation' of some egg nutrients when females breed with more helpers could be improving offspring fitness overall but may not translate into a higher survival specific to later-laid eggs.

Helper effects on egg allocation

In this population, nests with more helpers were seen to receive more food [START_REF] Covas | Helpers in colonial cooperatively breeding sociable weavers Philetairus socius contribute to buffer the effects of adverse breeding conditions[END_REF]) and suffer less brood reduction [START_REF] D'amelio | Disentangling climatic and nest predator impact on reproductive output reveals adverse hightemperature effects regardless of helper number in an arid-region cooperative bird[END_REF]. Furthermore, here, we found that fledging probability was negatively correlated with eggs' laying order. Altogether, this implies that 1 3 offspring survival varies with helper number and laying order, and that helper effects may interact with laying order effects on offspring survival. We therefore expected flexible maternal allocation strategies in relation to group size and laying order.

When testing the effects of this interaction on maternal allocation to eggs, we found that yolk mass and lipids' concentration varied with laying order in different ways depending on females' group size. Later-laid eggs of females with more helpers had heavier yolks and more lipids when compared to females with fewer helpers. These results concur with the predictions for a 'differential allocation' strategy in relation to helpers' presence and laying order (Fig. 1). The adaptive value of intra-clutch variation in egg investment has long been proposed, with some species suggested to follow a 'brood-reduction strategy' and others a 'brood-survival strategy' [START_REF] Slagsvold | On the adaptive value of intraclutch egg-size variation in birds[END_REF]. Based on our results, sociable weaver females might swing between these two strategies depending on their number of helpers [START_REF] Russell | Maternal effects in cooperative breeders: from hymenopterans to humans[END_REF], via flexible allocation of yolk and lipids to their eggs. Offspring that develop eggs with heavier yolks and more lipids should have access to more energy and nutrients, which are vital for embryonic tissue growth, and chicks should hatch with greater nutrient reserves that can be used for several days post-hatching [START_REF] Noble | Lipid metabolism and the neonatal chicken[END_REF][START_REF] Williams | Intraspecific variation in egg size and egg composition in birds: effects on offspring fitness[END_REF][START_REF] Carey | Female Reproductive Energetics[END_REF]). Furthermore, some lipid constituents, namely fatty acids, have been reported to correlate with offspring hatching and fledging success [START_REF] Mentesana | Natural variation in yolk fatty acids, but not androgens, predicts offspring fitness in a wild bird[END_REF]. Therefore, in cooperative breeders, this 'differential allocation' strategy could be adaptive if a higher maternal investment in egg nutrients summed with the extra food provided by the helpers increases the survival probability of offspring from later-laid eggs, thus increasing the number of offspring reaching independence [START_REF] D'amelio | Disentangling climatic and nest predator impact on reproductive output reveals adverse hightemperature effects regardless of helper number in an arid-region cooperative bird[END_REF]. In contrast, when breeding with less helpers, females could benefit from a biased allocation of nutrients toward eggs with higher reproductive value (i.e., earlier-laid eggs), saving energy for their own survival or future reproduction if brood reduction is likely to occur through later-hatched chicks' mortality [START_REF] Williams | Is intraclutch egg-size variation adaptive in the lesser snow goose?[END_REF][START_REF] Royle | Parental investment and egg yolk lipid composition in gulls[END_REF][START_REF] Crean | Coping with environmental uncertainty: dynamic bet hedging as a maternal effect[END_REF][START_REF] Vedder | Early mortality saves energy: estimating the energetic cost of excess offspring in a seabird[END_REF]). It should be noted though that the differences observed here for yolk mass do not appear to result from variation in yolk lipids or proteins, as these variables were not clearly correlated with yolk mass, and may instead represent an increase in other minor dry components, as minerals and carbohydrates, or water content (Nys and Guyot 2011).

Besides, we found that females with more helpers laid eggs richer in lipids independently of laying order, which implies that mothers may be allocating more nutrients to all eggs when breeding with more helpers. The idea that sociable weaver females invest more when breeding in better conditions concurs with the previous results in this species showing that females laid larger clutches in better climatic conditions and in colonies protected from nest predation (however, no change in egg mass or number was found in relation to helpers : Fortuna et al. 2021). 'Differential allocation' was first proposed as a beneficial strategy when females mate with attractive partners [START_REF] Burley | Sexual selection for aesthetic traits in species with biparental care[END_REF][START_REF] Cunningham | Egg investment is influenced by male attractiveness in the mallard[END_REF][START_REF] Sheldon | Differential allocation: tests, mechanisms and implications[END_REF], but was later suggested to explain cases in which females provided more care when breeding with more helpers [START_REF] Russell | Maternal effects in cooperative breeders: from hymenopterans to humans[END_REF][START_REF] Dixit | The relationship between egg size and helper number in cooperative breeders: a meta-analysis across species[END_REF]). However, evidence that 'differential allocation' has evolved as a prenatal strategy in cooperative breeders is scarce and limited to egg size, having been reported only once in Iberian magpies Cyanopica cooki [START_REF] Valencia | Maternal allocation in eggs when counting on helpers in a cooperatively breeding bird[END_REF]; see also [START_REF] Woxvold | Helping enhances multiple components of reproductive success in the cooperatively breeding apostlebird[END_REF][START_REF] Lejeune | Male and female helper effects on maternal investment and adult survival in red-winged fairy-wrens[END_REF] for reports of positive helper effects on clutch size). Moreover, results supporting the opposite strategy, 'load-lightening', via egg size and nutritional content are, respectively, ambiguous [START_REF] Dixit | The relationship between egg size and helper number in cooperative breeders: a meta-analysis across species[END_REF][START_REF] Fortuna | Maternal allocation in relation to weather, predation and social factors in a colonial cooperative bird[END_REF]) and rare [START_REF] Russell | Reduced egg investment can conceal helper effects in cooperatively breeding birds[END_REF]). More studies are needed before concluding on the generality of 'differential allocation' through egg components across cooperative breeders. However, theoretical work by [START_REF] Savage | Maternal allocation in cooperative breeders: should mothers match or compensate for expected helper contributions?[END_REF] predicts that females should take advantage of better rearing conditions by increasing prenatal investment, if this investment leads to lasting benefits for offspring and allows them to receive more postbirth care. In sociable weavers, there is some evidence that prenatal investment may affect offspring begging behavior [START_REF] Paquet | Antagonistic effect of helpers on breeding male and female survival in a cooperatively breeding bird. Griffith S[END_REF], and thus, the rate at which nestlings are fed [START_REF] Fortuna | Begging and feeding responses vary with relatedness and sex of provisioners in a cooperative breeder[END_REF]), suggesting that it may prime offspring to receive more postnatal care. Yet, 'differential allocation' is not expected when early investment is unimportant or interchangeable with postnatal investment [START_REF] Savage | Maternal allocation in cooperative breeders: should mothers match or compensate for expected helper contributions?[END_REF], and it would therefore be relevant to assess the effects of maternal allocation to yolk mass and lipids on offspring quality and survival in this species (see also below).

Differences in egg nutrients could be explained by differences in female quality/condition, if better females can lay eggs, or later-laid eggs, with more nutrients [START_REF] Ardia | Individual quality and food availability determine yolk and egg mass and egg composition in tree swallows Tachycineta bicolor[END_REF]) and also have more helpers, or if having helpers in past breeding events improves females' condition in the following reproductive attempt. The link between female quality/condition and helper number in sociable weavers is not clear. For example, not all females with more helpers seem to survive better, but only younger ones [START_REF] Paquet | Antagonistic effect of helpers on breeding male and female survival in a cooperatively breeding bird. Griffith S[END_REF]. Even though we attempted to account for female quality and condition in our models, using proxies as clutch size and egg mass [START_REF] Fortuna | Maternal allocation in relation to weather, predation and social factors in a colonial cooperative bird[END_REF], we cannot determine whether the 'differential allocation' pattern found here is a consequence of females being in better state or an adjustment of egg content to helpers' presence that is independent of females' condition [START_REF] Cockburn | Can we measure the benefits of help in cooperatively breeding birds: the case of superb fairy-wrens Malurus cyaneus?[END_REF][START_REF] Russell | Maternal effects in cooperative breeders: from hymenopterans to humans[END_REF].
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An experimental manipulation of helper number in females' groups could help to disentangle female quality/ condition from helper effects (but see [START_REF] Cockburn | Evolution of helping behavior in cooperatively breeding birds[END_REF]. Otherwise, this could be achieved with longitudinal studies that follow females as their group size varies [START_REF] Fortuna | Maternal allocation in relation to weather, predation and social factors in a colonial cooperative bird[END_REF]. The latter could also provide valuable insights on how prenatal allocation strategies may be moderated by other conditions of the females' environment, such as variation in climatic conditions prior to laying, which do not seem to explain variation in egg size in sociable weavers but may influence maternal allocation to egg composition [START_REF] Hatchwell | Investment strategies of breeders in avian cooperative breeding systems[END_REF][START_REF] Langmore | Egg size investment in superb fairy-wrens: helper effects are modulated by climate[END_REF][START_REF] Fortuna | Maternal allocation in relation to weather, predation and social factors in a colonial cooperative bird[END_REF].

We found no evidence that egg mass and remaining yolk nutrients-proteins, carotenoids, vitamin A, and vitamin E-varied in relation to the group size alone or in interaction with laying order (see also [START_REF] Fortuna | Maternal allocation in relation to weather, predation and social factors in a colonial cooperative bird[END_REF]. Egg mass was positively correlated with laying order, as previously found is this population [START_REF] Van Dijk | Maternal effects in the highly communal sociable weaver may exacerbate brood reduction and prepare offspring for a competitive social environment[END_REF]) and other species [START_REF] Howe | Egg size, hatching asynchrony, sex, and brood reduction in the common grackle[END_REF][START_REF] Zach | Hatching asynchrony, egg size, growth, and fledging in tree swallows[END_REF][START_REF] Slagsvold | On the adaptive value of intraclutch egg-size variation in birds[END_REF][START_REF] Rutkowska | Egg size, offspring sex and hatching asynchrony in zebra finches Taeniopygia guttata[END_REF]. Our results also show that, even though later-laid eggs were heavier, these had proportionally lighter yolks and lower carotenoids and vitamin E concentrations. Moreover, we did not detect relationships between egg mass and yolk lipids, proteins or hormones in the eggs, which suggests that studying egg mass may provide only partial insights on egg quality (see also [START_REF] Hadfield | Intraclutch differences in egg characteristics mitigate the consequences of age-related hierarchies in a wild passerine[END_REF].

Surprisingly, we found no effect of group size on eggs' hormonal content. This contradicts the previous findings in this species, where the first egg of the clutches was found to be more concentrated in testosterone and A4 for females without helpers [START_REF] Paquet | Maternal effects in relation to helper presence in the cooperatively breeding sociable weaver[END_REF]. Instead, our results indicate that females without helpers may not benefit from allocating more hormones to offspring, or specifically to chicks from later-laid eggs, that could enhance their competitive abilities. However, the contrasting results obtained here and before [START_REF] Paquet | Maternal effects in relation to helper presence in the cooperatively breeding sociable weaver[END_REF]) also suggest that other unaccounted environmental or social factors might affect egg hormonal levels. Discrepancies in hormonal effects are often detected possibly because maternal hormone transfers to eggs depend on several social and environmental cues [START_REF] Groothuis | Revisiting mechanisms and functions of prenatal hormone-mediated maternal effects using avian species as a model[END_REF][START_REF] Bebbington | Who listens to mother? A wholefamily perspective on the evolution of maternal hormone allocation[END_REF], which could also explain the inconsistencies found in this system. Nevertheless, the positive relationship between corticosterone concentration and laying order observed here, along with the tendency for A4 to positively correlate with laying order, concur with the literature reporting higher hormonal levels in later-laid eggs [START_REF] Royle | Maternally derived androgens and antioxidants in bird eggs: complementary but opposing effects?[END_REF][START_REF] Kozlowski | Egg size and yolk steroids vary across the laying order in cockatiel clutches: a strategy for reinforcing brood hierarchies?[END_REF][START_REF] Müller | Within-Clutch variation in yolk testosterone as an adaptive maternal effect to modulate avian sibling competition: evidence from a comparative study[END_REF]. This could function as a 'cheap' mitigation strategy [START_REF] Groothuis | Hormone-mediated maternal effects in birds: mechanisms matter but what do we know of them?[END_REF] to enhance the competitive abilities of chicks from later-laid eggs, which hatch later and have less access to carotenoids and vitamin E [START_REF] Royle | Maternally derived androgens and antioxidants in bird eggs: complementary but opposing effects?[END_REF]this study).

'Differential allocation' and offspring survival

We then assessed if females breeding with more helpers had higher reproductive success, which could be partially mediated by laying eggs with heavier yolks and richer in lipids (i.e., 'differential allocation'; [START_REF] Russell | Maternal effects in cooperative breeders: from hymenopterans to humans[END_REF]. For this, we used the long-term dataset to test the interactive effect of group size and laying order on hatching and fledging success. Results showed no effect of this interaction on nestling survival, suggesting that chicks hatching from laterlaid eggs that are raised with more helpers do not appear to have an advantage in terms of fledging success over the remaining chicks.

There are several possible explanations for the lack of detectable interactive effects between laying order and group size on hatching and fledging success. If differences in offspring survival across the laying sequence are solely explained by hatching asynchrony, i.e., independent of maternal allocation to eggs, this result suggests that having more helpers does not offset the disadvantage of laterhatched chicks. Yet, offspring survival differences with laying order could be influenced by the observed differences in egg composition, although here we cannot directly test how egg composition relates to offspring survival (because eggs are collected to analyze their components). If egg composition has an effect on offspring survival, not detecting a survival advantage of 'differential allocation' here may suggest that egg nutrients influence survival at other stages, for instance during the first days after hatching, or contribute instead to offspring morphological traits as body mass or size [START_REF] Moore | A mother's legacy: the strength of maternal effects in animal populations[END_REF]. Moreover, positive effects of increased allocation toward later-laid eggs may be undetectable at fledging if, for instance, they are masked by postnatal care. Another possibility is that environmental factors are mediating maternal allocation strategies in relation to group size [START_REF] Langmore | Egg size investment in superb fairy-wrens: helper effects are modulated by climate[END_REF]. Under this scenario, mothers distribute resources within clutches depending not only on helper number, but also on remaining environmental factors that differ between years [START_REF] Langmore | Egg size investment in superb fairy-wrens: helper effects are modulated by climate[END_REF], resulting in undetectable general effects on offspring survival over the seven breeding seasons included in this analysis. Therefore, at this stage, we cannot fully dismiss that 'differential allocation' when breeding with more helpers has positive effects on offspring from later-laid eggs in this species, and further work focusing on offspring phenotypic traits and survival at different stages, and on seasonal variation in egg composition, would be necessary to assess these effects.

Nevertheless, our findings that group size is positively correlated both with eggs' lipid content and with chicks' fledging success suggest that 'differential allocation' may be contributing to higher offspring survival, independently of laying order. Therefore, females may be benefiting from the improved breeding conditions provided by helpers and Content courtesy of Springer Nature, terms of use apply. Rights reserved.

increasing their reproductive output [START_REF] Sheldon | Differential allocation: tests, mechanisms and implications[END_REF][START_REF] Russell | Maternal effects in cooperative breeders: from hymenopterans to humans[END_REF]. Here, we estimated that females with three helpers were predicted to lay eggs with almost 30% more fledging chances than females without helpers. In accordance, previous analyses in sociable weavers showed positive helper effects on fledging mass and success under adverse conditions [START_REF] Covas | Helpers in colonial cooperatively breeding sociable weavers Philetairus socius contribute to buffer the effects of adverse breeding conditions[END_REF], and more recent long-term analyses showed that pairs with more helpers have a higher probability of fully-fledging their broods [START_REF] D'amelio | Disentangling climatic and nest predator impact on reproductive output reveals adverse hightemperature effects regardless of helper number in an arid-region cooperative bird[END_REF]. It would now be important to specifically address whether these benefits result from 'additive' effects of increased maternal allocation and helper care or solely from the postnatal contributions of helpers [START_REF] Covas | Helpers in colonial cooperatively breeding sociable weavers Philetairus socius contribute to buffer the effects of adverse breeding conditions[END_REF][START_REF] Paquet | Communal roosting, thermoregulatory benefits and breeding group size predictability in cooperatively breeding sociable weavers[END_REF].

Conclusion

We have shown that maternal egg allocation in relation to helpers' number may be detected for some egg components that are important for offspring development and survival. Females with more helpers laid eggs richer in lipids and their offspring had higher fledging success, which suggests that larger breeding groups represent improved breeding conditions for females. Moreover, females with more helpers produced later-laid eggs with heavier yolks and more lipids. This might imply that helpers' presence modulates resource distribution within clutches. Future research should focus on the mechanisms leading to such 'differential allocation', to clarify whether this is a passive consequence of better female quality/condition or a strategy to take advantage of helpers' presence. Second, studies across cooperatively breeding species, spanning a larger number of years and environmental conditions, are necessary to assess general patterns in maternal allocation to egg components. Finally, it is important to test if increases in yolk mass and lipids have fitness advantages for the offspring.

1.

2.

3.

4.

5.

6.

Terms and Conditions

Springer Nature journal content, brought to you courtesy of Springer Nature Customer Service Center GmbH ("Springer Nature"). Springer Nature supports a reasonable amount of sharing of research papers by authors, subscribers and authorised users ("Users"), for smallscale personal, non-commercial use provided that all copyright, trade and service marks and other proprietary notices are maintained. By accessing, sharing, receiving or otherwise using the Springer Nature journal content you agree to these terms of use ("Terms"). For these purposes, Springer Nature considers academic use (by researchers and students) to be non-commercial. These Terms are supplementary and will apply in addition to any applicable website terms and conditions, a relevant site licence or a personal subscription. These Terms will prevail over any conflict or ambiguity with regards to the relevant terms, a site licence or a personal subscription (to the extent of the conflict or ambiguity only). For Creative Commons-licensed articles, the terms of the Creative Commons license used will apply. We collect and use personal data to provide access to the Springer Nature journal content. We may also use these personal data internally within ResearchGate and Springer Nature and as agreed share it, in an anonymised way, for purposes of tracking, analysis and reporting. We will not otherwise disclose your personal data outside the ResearchGate or the Springer Nature group of companies unless we have your permission as detailed in the Privacy Policy. While Users may use the Springer Nature journal content for small scale, personal non-commercial use, it is important to note that Users may not: use such content for the purpose of providing other users with access on a regular or large scale basis or as a means to circumvent access control; use such content where to do so would be considered a criminal or statutory offence in any jurisdiction, or gives rise to civil liability, or is otherwise unlawful; falsely or misleadingly imply or suggest endorsement, approval , sponsorship, or association unless explicitly agreed to by Springer Nature in writing; use bots or other automated methods to access the content or redirect messages override any security feature or exclusionary protocol; or share the content in order to create substitute for Springer Nature products or services or a systematic database of Springer Nature journal content.

In line with the restriction against commercial use, Springer Nature does not permit the creation of a product or service that creates revenue, royalties, rent or income from our content or its inclusion as part of a paid for service or for other commercial gain. Springer Nature journal content cannot be used for inter-library loans and librarians may not upload Springer Nature journal content on a large scale into their, or any other, institutional repository. These terms of use are reviewed regularly and may be amended at any time. Springer Nature is not obligated to publish any information or content on this website and may remove it or features or functionality at our sole discretion, at any time with or without notice. Springer Nature may revoke this licence to you at any time and remove access to any copies of the Springer Nature journal content which have been saved. To the fullest extent permitted by law, Springer Nature makes no warranties, representations or guarantees to Users, either express or implied with respect to the Springer nature journal content and all parties disclaim and waive any implied warranties or warranties imposed by law, including merchantability or fitness for any particular purpose. Please note that these rights do not automatically extend to content, data or other material published by Springer Nature that may be licensed from third parties. If you would like to use or distribute our Springer Nature journal content to a wider audience or on a regular basis or in any other manner not expressly permitted by these Terms, please contact Springer Nature at onlineservice@springernature.com

Fig. 2 3

 23 Fig. 2 Raw data (N = 419) and predicted slope (with 95CI) of the relationship between fledging probability and laying order

Fig. 4

 4 Fig.4Relationship between fledging probability and laying order for females of different group sizes. Lines represent the posterior predicted means and 95% credible intervals for three group size values: group size = 2 (no helpers; grey dotted line), mean group size (3.3; orange dashed line), and the average between mean and maximum group size (5.2; blue solid line). Points represent raw data and point colors represent observations for groups without helpers, groups between group size = 2 and mean group size or group sizes above the mean (all values rounded to the nearest integer)
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