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Meager Milk: Lasting Consequences for Adult Daughters of Primiparous Mothers Among Rhesus Macaques (Macaca mulatta)

Among mammals, primipara who initiate reproduction before full maturity can be constrained in their maternal investment, both due to fewer somatic resources and tradeoffs between their own continued development and reproductive effort. Primipara are particularly limited in their capacity to synthesize milk during lactation, the costliest aspect of reproduction for most mammals, especially primates due to long periods of postnatal development. Due to reduced milk transfer, Firstborns may be at elevated risk for long-term consequences of deficits in early life endowment from their primiparous mothers. Here we investigated mass, growth, stature, and lactation performance among N = 273 adult daughters across N = 335 reproductions, who were their own mother's Firstborn or Laterborn progeny, among rhesus macaques (Macaca mulatta) at the California National Primate Research Center. We further explored mass during infancy of the offspring of Firstborn and Laterborn mothers. Firstborns had accelerated growth during infancy, but had slowed growth during juvenility, compared to Laterborns. Although both Firstborns and Laterborns were the same age at reproductive debut, Firstborns had lower body mass, an effect that persisted throughout the reproductive career. Available milk energy, the product of milk energetic density and milk yield, was on average 16% lower for Firstborns compared to Laterborns, a difference that was only partially mediated by their lower mass. Despite differences in their mothers' energy provision through milk, the mass of infants of Firstborn and Laterborn mothers did not differ at peak lactation, suggesting that infants of Firstborns devote a higher proportion of milk energy to growth than infants of Laterborns. To date few studies have explored how early life conditions shape capacities to synthesize milk and milk composition. Our findings contribute new information among primates on how early life maternal endowments are associated with persistent effects long after the period of maternal dependence well into reproductive maturity.

Introduction

First-time parents, depending on the social organization and life history of a species, may be somatically constrained or behaviorally inexperienced, and therefore limited in their capacity to produce and rear offspring [START_REF] Cameron | Aging and improving reproductive success in horses: declining residual reproductive value or just older and wiser?[END_REF][START_REF] Snyder | Giant panda maternal care: a test of the experience constraint hypothesis[END_REF][START_REF] Kappeler | Parental care[END_REF]. Particularly among female mammals, the substantial costs of sustaining lactation can exert tradeoffs between development and reproduction, when reproductive debut precedes somatic maturity [START_REF] Th | The evolution of parental care[END_REF][START_REF] Altmann | Adolescent pregnancies in non-human primates: an ecological and developmental perspective[END_REF][START_REF] Pittet | Age at reproductive debut: developmental predictors and consequences for lactation, infant mass, and subsequent reproduction in rhesus macaques (Macaca mulatta)[END_REF][START_REF] Anzà | Growth trajectories of wild Assamese macaques (Macaca assamensis) determined from parallel laser photogrammetry[END_REF]. Natural selection, however, may favor younger reproductive debut even if capacity for maternal investment is constrained at first reproduction if an earlier age of reproductive debut increases reproductive lifespan [START_REF] Martin | Determinants and consequences of age of primiparity in bighorn ewes[END_REF][START_REF] Marcil-Ferland | Despite catch-up, prolonged growth has detrimental fitness consequences in a long-lived vertebrate[END_REF][START_REF] Pittet | Age at reproductive debut: developmental predictors and consequences for lactation, infant mass, and subsequent reproduction in rhesus macaques (Macaca mulatta)[END_REF]. Although inadequate or neglectful maternal care by first-time mothers (primipara) have been documented [START_REF] Snyder | Giant panda maternal care: a test of the experience constraint hypothesis[END_REF], more often primipara exhibit different patterns of behavioral care because experienced mothers (multipara) better direct care during critical windows, compensate for previous failures, or more effectively transfer milk to young [START_REF] Fairbanks | Mother-infant behavior in vervet monkeys: response to failure of last pregnancy[END_REF][START_REF] Cameron | Aging and improving reproductive success in horses: declining residual reproductive value or just older and wiser?[END_REF][START_REF] Stanton | Maternal behavior by birth order in wild chimpanzees (Pan troglodytes) increased investment by first-time mothers[END_REF][START_REF] Guardini | Maternal behaviour in domestic dogs: a comparison between primiparous and multiparous dogs[END_REF][START_REF] Dettmer | First-time rhesus monkey mothers, and mothers of sons, preferentially engage in face-to-face interactions with their infants[END_REF]. Indeed, primipara are notably compromised in their capacity for milk synthesis (rhesus macaques, Macaca mulatta, [START_REF] Hinde | Rhesus macaque milk: magnitude, sources, and consequences of individual variation over lactation[END_REF]; humans, Homo sapiens, [START_REF] Ingram | Maternal predictors of early breast milk output[END_REF]red deer, Cervus elaphus, Pérez-Barbería et al. 2022; dairy cow, Bos taurus, [START_REF] Wathes | Differences between primiparous and multiparous dairy cows in the interrelationships between metabolic traits, milk yield and body condition score in the periparturient period[END_REF]; dromedary camel, Camelus dromedarius, [START_REF] Nagy | Effect of genetic and nongenetic factors on chemical composition of individual milk samples from dromedary camels (Camelus dromedarius) under intensive management[END_REF]dairy sheep, Ovis aries, Velarde-Guillén et al. 2022; see [START_REF] Petrullo | The early life microbiota mediates maternal effects on offspring growth in a nonhuman primate[END_REF] for lower milk production among lower parity vervet monkeys, Chlorocebus aethiops; and see [START_REF] Lang | The influence of reproductive experience on milk energy output and lactation performance in the grey seal (Halichoerus grypus)[END_REF] for complexities among grey seals, Halichoerus grypus). Multipara are likely to exhibit increased capacity for milk synthesis due to cumulative architectural and cellular changes in the mammary gland from sequential reproductions [START_REF] Akers | Lactation and the mammary gland[END_REF]. Given the constraints and tradeoffs in the context of maternal primiparity, Firstborns may be at greater risk to experience nutritional deficits analogous to early life adversity [START_REF] Patterson | Effects of early life adversity on maternal effort and glucocorticoids in wild olive baboons[END_REF] or challenges comparable to chronic stress [START_REF] Josefson | Chronic stress decreases lactation performance[END_REF].

For offspring of primipara, limitations or differences in maternal investment may have myriad consequences. Firstborns may be at greater risk of mortality, morbidity, stunting, altered growth, and earlier introduction of solid foods [START_REF] Van Eetvelde | Innovative look at dairy heifer rearing: effect of prenatal and post-natal environment on later performance[END_REF][START_REF] Festa-Bianchet | Long-term studies of bighorn sheep and mountain goats reveal fitness costs of reproduction[END_REF][START_REF] Marvin-Dowle | A comparison of neonatal outcomes between adolescent and adult mothers in developed countries: a systematic review and metaanalysis[END_REF][START_REF] Campos | Female reproductive aging in seven primate species: patterns and consequences[END_REF]; but see [START_REF] Nuñez | Offspring of primiparous mothers do not experience greater mortality or poorer growth: revisiting the conventional wisdom with archival records of rhesus macaques[END_REF]. Further, maternal energy transfer and hormone signals to offspring via milk organize metabolic, reproductive, neuroendocrine, and biobehavioral systems during postnatal development, to an extent that can persist even after the period of maternal dependence [START_REF] Bagnell | Relaxin and the 'Milky Way': the lactocrine hypothesis and maternal programming of development[END_REF][START_REF] De Weerth | Human milk: from complex tailored nutrition to bioactive impact on child cognition and behavior[END_REF][START_REF] Stead | Of mammals and milk: how maternal stress affects nursing offspring[END_REF]. For pigs, lactocrine deficiency in the days after birth impacts uterine development with long-term consequences for endometrial function, uterine capacity, and litter size but firstborn litter effects have not been explored in this system [START_REF] Bagnell | Relaxin and the 'Milky Way': the lactocrine hypothesis and maternal programming of development[END_REF]. In beef cattle, daughters of primiparous dams have fewer primordial follicles and may experience lower fertility and reduced reproductive longevity [START_REF] Tenley | Maternal age influences the number of primordial follicles in the ovaries of yearling Angus heifers[END_REF]). Among dairy cows, daughters of primiparous dams had lower mass at birth than the calves of multiparous dams, but had accelerated, catch-up growth as calves [START_REF] Poczynek | Associations of body condition score at calving, parity, and calving season on the performance of dairy cows and their offspring[END_REF]. Despite this body mass convergence at reproductive debut, daughters of primiparous dams produced significantly less milk in their first lactation than did daughters of multiparous dams [START_REF] Poczynek | Associations of body condition score at calving, parity, and calving season on the performance of dairy cows and their offspring[END_REF]. Although scant, the above evidence suggests the potential for signatures of early life organization in the condition and lactation performance of adult daughters of primiparous mothers.

Our aim in the present study among rhesus macaques (M. mulatta) is to explore whether daughters of primipara experience persistent effects indicative of early life deficits in maternal endowment. Rhesus macaques present several advantages for exploring lactation and life history tradeoffs [START_REF] Lemay | Monkey model of milk and lactation[END_REF][START_REF] Pittet | Age at reproductive debut: developmental predictors and consequences for lactation, infant mass, and subsequent reproduction in rhesus macaques (Macaca mulatta)[END_REF]. Reproductive debut among rhesus macaques occurs several years before full somatic maturity, typically occurring between 3 and 5 years of age, and earlier debut reflecting a constellation of early life good fortune; being born earlier in the birth season, higher social rank, and better juvenile growth [START_REF] Pittet | Age at reproductive debut: developmental predictors and consequences for lactation, infant mass, and subsequent reproduction in rhesus macaques (Macaca mulatta)[END_REF]. Seasonal breeding for rhesus macaques generates stark contrasts on timing of reproductive debut, tradeoffs between current and future reproduction, and variation in lifetime reproductive success among females [START_REF] Blomquist | Bones, genetics, and behavior of rhesus macaques: Macaca mulatta; of Cayo Santiago and beyond[END_REF][START_REF] Pittet | Age at reproductive debut: developmental predictors and consequences for lactation, infant mass, and subsequent reproduction in rhesus macaques (Macaca mulatta)[END_REF]. Indeed, rhesus macaques are less likely to conceive the breeding season following their reproductive debut due to the energetic allocations of primiparity during continued maternal development [START_REF] Nuñez | Offspring of primiparous mothers do not experience greater mortality or poorer growth: revisiting the conventional wisdom with archival records of rhesus macaques[END_REF], especially for the primipara with the lowest capacities to support infant development [START_REF] Pittet | Age at reproductive debut: developmental predictors and consequences for lactation, infant mass, and subsequent reproduction in rhesus macaques (Macaca mulatta)[END_REF]. Compared to multiparous mothers, primiparous mothers produce substantially less milk [START_REF] Hinde | Rhesus macaque milk: magnitude, sources, and consequences of individual variation over lactation[END_REF], and particularly dilute milk for their daughters (Hinde 2007b;[START_REF] Hinde | Richer milk for sons but more milk for daughters: sex-biased investment during lactation varies with maternal life history in rhesus macaques[END_REF]) and with a different hormonal profile [START_REF] Hinde | Motherhood. Emerging trends in the social and behavioral sciences: an interdisciplinary, searchable, and linkable resource[END_REF][START_REF] Bernstein | Bioactive factors in milk across lactation: maternal effects and influence on infant growth in rhesus macaques (Macaca mulatta)[END_REF][START_REF] Petrullo | Steroid hormone concentrations in milk predict sexspecific offspring growth in a nonhuman primate[END_REF]. Aspects of available milk energy (AME), microbial communities, and hormone concentrations are associated with infant growth, temperament, and health in rhesus macaques [START_REF] Hinde | Rhesus macaque milk: magnitude, sources, and consequences of individual variation over lactation[END_REF][START_REF] Hinde | Lactational programming? Mother's milk energy predicts infant behavior and temperament in rhesus macaques (Macaca mulatta)[END_REF][START_REF] Hinde | Cortisol in mother's milk across lactation reflects maternal life history and predicts infant temperament[END_REF][START_REF] Petrullo | Steroid hormone concentrations in milk predict sexspecific offspring growth in a nonhuman primate[END_REF][START_REF] Rendina | Maternal and breast milk influences on the infant gut microbiome, enteric health and growth outcomes of rhesus monkeys[END_REF]. Taken together, the findings in rhesus macaques indicate that daughters of primiparous mothers experience early life constraints and, as such, may have compromised condition and lactation performance in adulthood. Alternatively, we recognize that maternal effects may diminish as offspring mature, if environmental conditions change or offspring compensate for deficits in early life maternal endowments (for review see [START_REF] Sachser | Adaptive modulation of behavioural profiles by social stress during early phases of life and adolescence[END_REF][START_REF] Wells | Life history trade-offs and the partitioning of maternal investment: implications for health of mothers and offspring[END_REF]Macaca mulatta, Blomquist 2013). Firstborn daughters of primiparous mothers, with sufficient available resources, may be able to compensate for early life deficits in maternal investment after the period of maternal dependence.

Rhesus macaques serve as an important translational biomedical model and share important features with humans [START_REF] Phillips | Why primate models matter[END_REF][START_REF] Chiou | Rhesus macaques as a tractable physiological model of human ageing[END_REF][START_REF] Tarantal | Translational utility of the nonhuman primate model[END_REF]. Long-lived and socially embedded, rhesus macaques are characterized by an elaborate behavioral repertoire and flexibility [START_REF] Jaman | The effect of urban and rural habitats and resource type on activity budgets of commensal rhesus macaques Macaca mulatta) in Bangladesh[END_REF][START_REF] Mccormack | The development of an instrument to measure global dimensions of maternal care in rhesus macaques (Macaca mulatta)[END_REF], substantial postnatal neurodevelopment [START_REF] Machado | Maternal influences on social and neural development in macaque monkeys[END_REF][START_REF] Kim | Rhesus macaque brain developmental trajectory: a longitudinal analysis using tensor-based structural Morphometry and diffusion tensor imaging[END_REF], and appreciable inter-individual differences in temperament [START_REF] Blomquist | Inheritance of hormonal stress response and temperament in infant rhesus macaques (Macaca mulatta): nonadditive and sexspecific effects[END_REF][START_REF] Capitanio | The relationship of maternal rank, 5-HTTLPR genotype, and MAOA-LPR genotype to temperament in infant rhesus monkeys (Macaca mulatta)[END_REF]. Moreover, decades of research on rhesus macaques has provided rich information about the magnitude, sources, and consequences of variation in maternal behavioral care, primiparous motherhood, and early life organization [START_REF] Bercovitch | Primigravidity, body weight, and costs of rearing first offspring in rhesus macaques[END_REF][START_REF] Mas-Rivera | Postpartum recuperation in primiparous rhesus macaques and development of their infants[END_REF][START_REF] Hinde | Dynamics of a relationship: rhesus mother-infant ventroventral contact[END_REF][START_REF] Berman | Mother-infant relationships among free-ranging rhesus monkeys on Cayo Santiago: a comparison with captive pairs[END_REF]Holly and Simpson 1981;[START_REF] Gomendio | Differences in fertility and suckling patterns between primiparous and multiparous rhesus mothers (Macaca mulatta)[END_REF][START_REF] Schapiro | Maternal behavior of primiparous rhesus monkeys: effects of limited social restriction and inanimate environmental enrichment[END_REF][START_REF] Karere | What is an "adverse" environment? Interactions of rearing experiences and MAOA genotype in rhesus monkeys[END_REF][START_REF] Kinnally | Epigenetic plasticity following early stress predicts long-term health outcomes in rhesus macaques[END_REF][START_REF] Dettmer | First-time rhesus monkey mothers, and mothers of sons, preferentially engage in face-to-face interactions with their infants[END_REF][START_REF] Dettmer | Intergenerational effects of early-life advantage: lessons from a primate study (No. w27737)[END_REF][START_REF] Luevano | Rhesus macaques compensate for reproductive delay following ecological adversity early in life[END_REF]. Indeed, investigations about the long-term consequences for offspring of primapara and multipara were among the earliest studies of rhesus macaques [START_REF] Mitchell | Long-term effects of multiparous and primiparous monkey mother rearing[END_REF]. Nutritional composition of rhesus milk is relatively dilute among mammals [START_REF] Lönnerdal | A longitudinal study of rhesus monkey (Macaca mulatta) milk composition: trace elements, minerals, protein, carbohydrate, and fat[END_REF][START_REF] Hinde | Rhesus macaque milk: magnitude, sources, and consequences of individual variation over lactation[END_REF], reflecting the long developmental period of primate infants [START_REF] Hinde | Primate milk: proximate mechanisms and ultimate perspectives[END_REF][START_REF] Hinde | The first diet: mother's milk[END_REF] and further work continues to decode rhesus milk, including descriptions of the rhesus macaque milk metabolome [START_REF] O'sullivan | Metabolomic phenotyping validates the infant rhesus monkey as a model of human infant metabolism[END_REF], proteome [START_REF] Beck | Comparative proteomics of human and macaque milk reveals species-specific nutrition during postnatal development[END_REF], microbiome [START_REF] Jin | Species diversity and relative abundance of lactic acid bacteria in the milk of rhesus monkeys (Macaca mulatta)[END_REF][START_REF] Muletz-Wolz | Diversity and temporal dynamics of primate milk microbiomes[END_REF], mineral concentrations [START_REF] Lönnerdal | A longitudinal study of rhesus monkey (Macaca mulatta) milk composition: trace elements, minerals, protein, carbohydrate, and fat[END_REF][START_REF] Hinde | Daughter dearest: sex-biased calcium in mother's milk among rhesus macaques[END_REF], and oligosaccharide profile [START_REF] Goto | Chemical characterization of oligosaccharides in the milk of six species of new and old world monkeys[END_REF][START_REF] Tao | Evolutionary glycomics: characterization of milk oligosaccharides in primates[END_REF]. Milk yield and composition, depending on the constituent, can vary substantially among individual mothers. Variation in rhesus milk profile reflects, in part, maternal condition such as body mass, parasitic infection, and primiparity (Hinde 2007a;[START_REF] Hinde | Rhesus macaque milk: magnitude, sources, and consequences of individual variation over lactation[END_REF]. Indeed, among primates, research effort on primiparity, lactation physiology, and milk composition in rhesus macaques has only been surpassed by similar studies of humans. For these reasons, insights from rhesus milk synthesis provide essential evidence of physiological challenges that human mothers experience during lactation that are too often misunderstood through cultural frameworks.

Methods

Subjects

We investigated body condition, milk production, and infant outcomes among adult daughters of primiparous or multiparous mothers (hereafter, female "Firstborns" and "Laterborns," respectively) at the California National Primate Research Center (CNPRC). Our dataset includes N = 336 reproductions (pregnancy and lactation) from N = 273 female rhesus macaques (M. mulatta), and their infants. Among the dataset of adult daughters, N = 72 were Firstborns and N = 201 were Laterborns. Birth order for the adult daughters, within their mother's reproductive history, ranged from 1st to 16th parity (mean ± SEM birth order of 4.6 ± 0.2). Adult daughters in the dataset varied in terms of primiparity/multiparity and some females were studied across multiple reproductions. Within the N = 336 reproductions, N = 108 were primiparous, and N = 228 were multiparous. Parity of the adult daughters varied from 1st to 16th (mean ± SEM parity number: 4.1 ± 0.2). Adult daughters in the dataset were born between 1984 and 2009 and the data presented in this paper are from their reproductions occurring between 2005 and 2007, and between 2010 and 2012 combined from two studies using identical sampling protocols. Subjects were assigned to the conventional outdoor breeding colony and housed in large corrals (0.2 ha) at the CNPRC. Subjects were members of social groups constituted of ∼50 to ∼150 individuals, including multiple adult females, adult males, juveniles, and infants with variable degrees of kinship from closely related to nonkin. The social structure and composition of these outdoor groups are similar to wild-living rhesus groups and are managed to minimize intragroup aggression [START_REF] Beisner | Ground substrate affects activity budgets and hair loss in outdoor captive groups of rhesus macaques (Macaca mulatta)[END_REF][START_REF] Weinstein | Individual differences in infant temperament predict social relationships of yearling rhesus monkeys, Macaca mulatta[END_REF]Thiel et al. 2017). Each outdoor enclosure was equipped with multiple climbing structures and dispersed food distribution stations. Animals were fed with Purina Monkey Chow commercial diet twice daily that provides comprehensive nutrition complemented by semi-weekly distribution of fresh fruits and vegetables for enrichment [START_REF] Wooddell | Increased produce enrichment reduces trauma in socially-housed captive rhesus macaques (Macaca mulatta)[END_REF].

Maternal and infant characteristics

Morphometric data and reproductive history were obtained from archival animal records maintained by the CNPRC. Body mass at 120 days, 1-year-old and 2-years-old were obtained from archived data from quarterly animal weighing during physical exams. Increases in body mass during infancy and juvenility are linear in rhesus macaques [START_REF] Nuñez | Offspring of primiparous mothers do not experience greater mortality or poorer growth: revisiting the conventional wisdom with archival records of rhesus macaques[END_REF]. Mothers and infants were additionally weighed and mother's crownrump length was measured in conjunction with milk collection occurring at peak lactation (described below). The dominance ranks of colony females were determined by linear hierarchical analysis by the behavioral management team at the CNPRC using standardized observation of social interactions [START_REF] Mccowan | Utility of social network analysis for primate behavioral management and well-being[END_REF]) and were binned into tertiles of high, middle, and low social rank. Individuals that were at the cusp of rank categories were binned with the majority of their matriline [START_REF] Hinde | Rhesus macaque milk: magnitude, sources, and consequences of individual variation over lactation[END_REF].

Milk collection and analysis

Milk samples were collected following standard methods for nonhuman primates [START_REF] Hinde | Rhesus macaque milk: magnitude, sources, and consequences of individual variation over lactation[END_REF][START_REF] Hinde | Lactational programming? Mother's milk energy predicts infant behavior and temperament in rhesus macaques (Macaca mulatta)[END_REF]. At peak lactation, when infants were 3-4 months of age (mean ± SD = 108.5 ± 10.1 days), mothers and infants were temporarily isolated from their social group for morphometric measures and milk collection. Individuals were captured in their home corral between 0745 and 0900 and relocated to temporary indoor housing for milk collection procedures. Following mother-infant separation, milk accumulated for 3.5-4 h (mean ± SD = 220.0 ± 10.5 min). Mothers were then sedated with ketamine hydrochloride (5-10 mg/kg, IM), chest and nipple areas were swabbed with alcoholsoaked gauze, and chest hair was trimmed.

Mothers were positioned sitting up and administered exogenous oxytocin (2 IU/Kg, 0.1 mL/kg, IM) to physiologically elicit myoepithelial cell contraction and milk let down within 30 s. Milk was fully evacuated from the mammary gland by gentle hand stripping of the nipple directing the milk stream into a 15 ml tube. Procedure lasted ∼10 min per animal. For all the females, full evacuation of the mammary gland was checked through the transition from milk streaming to solitary droplets to ensure consistent methods. Milk samples were placed directly into wet ice, transported to laboratory facilities where they were vortexed on low for 5 s, aliquoted into cryovials and frozen at -80°C. Once mothers recovered from sedation, mother/infant pairs were placed back in their home corrals. All procedures were conducted in compliance with protocols approved by the UC Davis Institutional Animal Care and Use Committee Approval.

Milk composition, milk yield, and AME

Proximate assays and a commercial milk analyzer were used to measure gross milk composition [START_REF] Hinde | Primate milk: proximate mechanisms and ultimate perspectives[END_REF][START_REF] Miller | Field and laboratory methods in human milk research[END_REF]. For the milk collected during the 2005, 2006, and 2007 seasons (N = 115), milk composition analyses were conducted in the Nutrition Laboratory at the Smithsonian National Zoological Park in Washington, DC, USA, using standard methods [START_REF] Hinde | Rhesus macaque milk: magnitude, sources, and consequences of individual variation over lactation[END_REF][START_REF] Hood | Methods of Measuring Milk Composition and Yield in Small Mammals[END_REF]. Fat concentration was measured via a modified Rose-Gottlieb method: total lipids were assayed by sequential extractions with ethanol diethyl ether and petroleum ether. Sugar was assayed by the phenol-sulfuric acid method (DuBois et al.1956;[START_REF] Marier | Direct analysis of lactose in milk and serum1[END_REF]. Protein concentration was calculated based on nitrogen content determined using a CHN elemental gas analyzer (Model 2400, PerkinElmer, Norwalk, CT, USA) and estimated as 6.38* nitrogen. Methods for proximal composition analysis are described with more details elsewhere [START_REF] Hinde | Rhesus macaque milk: magnitude, sources, and consequences of individual variation over lactation[END_REF]Hoodet al. 2009). Samples from the 2010, 2011, and 2012 seasons (N = 221) were analyzed at the Comparative Lactation Laboratory, Harvard University using a MIRIS milk analyzer calibrated for macaque milk samples [START_REF] Miller | Field and laboratory methods in human milk research[END_REF]). The MIRIS analyzer uses an infrared transmission spectroscopy to measure the macronutrients. Samples were assayed in duplicate. Pooled bovine whole milk samples were used as controls at the initiation and completion of each assay. Based on these bovine samples, the interassay CV (calculated as the standard deviation divided by the mean value of all replicates) for fat was 2.52%, for protein was 1.64%, and for sugar was 4.11%. The intraassay CV (calculated as the average of the individual CVs generated by dividing the standard deviation by the mean value of each days internal standard duplicates) for fat was 1.34%, for protein was 1.05%, and for sugar was 1.86%. Milk yield was measured gravimetrically as total sample (g) obtained by full evacuation of milk from both mammary glands after a standard period of milk accumulation (3.5-4 h). This method of estimating relative differences in milk production among individuals has been used for other primates (Ôta et al. 1991), validated with doubly labeled water [START_REF] Tardif | Lactation, maternal behavior and infant growth in common marmoset monkeys (Callithrix jacchus): effects of maternal size and litter size[END_REF], and has been associated with infant mass and growth in the CNPRC population (Hinde 2007b;[START_REF] Hinde | Rhesus macaque milk: magnitude, sources, and consequences of individual variation over lactation[END_REF]. Gross Energy was calculated based on the following energetic values as per Oftedal (1984): 9.11 kcal/g for fat, 3.95 kcal/g for sugars and 5.86 kcal/g and allowed for an estimate of the total energy density of milk (kcal/g). AME was calculated by multiplying kcal/g by milk yield (g) [START_REF] Hinde | Richer milk for sons but more milk for daughters: sex-biased investment during lactation varies with maternal life history in rhesus macaques[END_REF][START_REF] Hinde | Lactational programming? Mother's milk energy predicts infant behavior and temperament in rhesus macaques (Macaca mulatta)[END_REF].

Statistical analyses

Data preparation

Data were transformed for the statistical analysis. Dam birth order was used as a binary variable with all females born to primiparous dams categorized as "Firstborn" and those whose birth order was greater than one (their mother was multiparous) categorized as "Laterborn." Parity was also transformed into the binary of "primiparous" or "multiparous." Birth-timing within the respective birth seasons for Firstborn and Laterborn females themselves and for their own offspring was coded as a continuous variable based on the number of days after February 1st (beginning of the reproductive season). Because measurements of body mass were not collected at precise ages, animal age on date of weighing was always included in models accounting for mass or mass as the outcome. Females' early life growth was calculated by dividing the difference in body mass between 4 months and 1-years-old by the exact number of days between the two measurements. The growth when juvenile was calculated by dividing the difference in mass between 1-year-old and 2years-old by the exact number of days between the two mass measurements. Milk yield and AME values were log transformed to meet assumptions of normality.

Statistical modeling

Consequences of females' birth order were analyzed using linear mixed models. Analyses first explored the overall effect of birth order category on outcomes using ANOVAs or estimates from linear models. Then final linear mixed models were built through stepwise inclusion of factors covarying with birth order to identify factors mediating these effects. Final model selection was determined by comparison of models using Akaike's information criterion (AIC) to measure goodness of fit after forward and backward stepwise inclusion of predictor variables [START_REF] Akaike | A new look at the statistical model identification[END_REF]. For all models, including milk energetic characteristics (energetic density and AME) as predictors or outcomes, the assaying method was included as a covariate because of slight differences in macronutrient results obtained between proximate assays and near-infrared spectroscopy [START_REF] Miller | Field and laboratory methods in human milk research[END_REF]. Milk accumulation duration, while slightly varying between females, showed no significant influence on any of the milk parameters and was consequently not included as a covariate in statistical models.

The influence of birth order on females' birth date, growth trajectory and age at first reproduction was first identified through linear mixed models on N = 273 females. Then the influence of birth order on maternal mass and crown-rump length at peak lactation, milk characteristics, and infant mass at peak lactation was explored using data from the N = 336 reproductions through linear mixed models with mothers set as random factor. Maternal mass and milk characteristics are known to vary as a function of parity [START_REF] Hinde | Richer milk for sons but more milk for daughters: sex-biased investment during lactation varies with maternal life history in rhesus macaques[END_REF][START_REF] Hinde | Rhesus macaque milk: magnitude, sources, and consequences of individual variation over lactation[END_REF][START_REF] Nuñez | Offspring of primiparous mothers do not experience greater mortality or poorer growth: revisiting the conventional wisdom with archival records of rhesus macaques[END_REF][START_REF] Lu | Growth trajectories in wild geladas (Theropithecus gelada)[END_REF]. Consequently, the influence of maternal reproductive experience (primiparous or multiparous) was systematically tested in these models as well as interactions between birth order and parity category to detect if effects of birth order are modulated by primiparity.

Statistical analysis was performed using R 4.1.1 (R Core Team 2021) using the packages nlme [START_REF] Pinheiro | nlme: linear and nonlinear mixed effects models[END_REF]) and car [START_REF] Fox | Car: companion to Applied Regression[END_REF] for the linear mixed models, emmeans [START_REF] Lenth | Emmeans: estimated marginal means, aka least-squares means[END_REF] for the extraction of estimated marginal means and MuMIn [START_REF] Bartoń | MuMIn: multi-Model Inference[END_REF] for the calculation of the coefficients of determination. Significance was set at P ≤ 0.05 but the effect of predictors retained through model selection are discussed when P ≤ 0.1. Conditional and marginal coefficients of determination are provided for all models.

Results

Influence of birth order on birth timing in the season, growth trajectory, and age at first reproduction Birth order influenced females' birth-timing in the season and growth trajectory during the two first years of life. Firstborn females were born ∼1 week later in the birth season than were Laterborn females (Firstborn: April 21st ± 4.1 days, Laterborn: April 13th ± 2.4 days; F1,271 = 3.97, P = 0.055, N = 273). Firstborn and Laterborn females did not differ in their first measured weight (at ∼4 months old: Firstborn = 1.03 ± 0.02, Laterborn = 1.06 ± 0.01 kg, β = -0.03 ± 0.02, t = -1.2, P = 0.2). Firstborn and Laterborn females differed in their growth trajectory during infancy and juvenility (Birth order * developmental period: χ2 = 13.44, P = 0.0002). During infancy, Firstborn females gained on average 0.31 more grams per day than Laterborn females, which represents an addition of ∼113 g per year (growth year 1: Firstborn = 4.67 ± 0.11, Laterborn = 4.36 ± 0.07 g/day, β = 0.31 ± 0.13, t = 2.40, P = 0.04). During juvenility, the growth difference reversed and Laterborn females grew faster than did Firstborn females, gaining 0.35 more grams per day or 130 more total grams during that year (growth year 2: Firstborn = 3.16 ± 0.11, Laterborn = 3.52 ± 0.07 g/day, β = -0.35 ± 0.13, t = -2.79, P = 0.012). Laterborn females were around 100 g heavier than Firstborn females at 2-years-old (Firstborn = 3.28 ± 0.05, Laterborn = 3.38 ± 0.03 kg, β = -0.095 ± 0.05 kg, t = -1.77, P = 0.08). Firstborn females had first successful reproduction at the same age as Laterborn females. Controlling for the effect of rank, Firstborn and Laterborn females had their first viable birth at 4.08 ± 0.04 and 4.10 ± 0.08 years old, respectively, (β = 0.02 ± 0.087 years, t = 0.26, P = 0.8).

Influence of birth order on females' morphology at peak lactation Firstborns presented a lower mass at peak lactation as compared to female Laterborns. Controlling for covariates, Firstborns were on average 500 g lighter (Firstborn: 7.82 ± 0.17, Laterborn: 8.31 ± 0.10 kg, β = -0.49 ± 0.20 kg, t = -2.43, P = 0.015, Fig. 1a, Table 1). Primipara were on average 0.70 ± 0.13 kg lighter than multipara (P < 0.001). The model did not retain the interaction between birth order and primiparity; Firstborns persistently showed a lower mass during lactation than did female Laterborns regardless of their own reproductive experience (Table 1). Comparatively, crown-rump length did not differ in relation to birth order. Controlling for covariates, Firstborns were similar in stature to female Laterborns (Firstborn = 50.84 ± 0.26, Laterborn = 51.11 ± 0.16 cm, β = -0.26 ± 0.30 cm, t = -0.85, P = 0.39, Fig. 1b, Table 1). [Figure 1 here -Table 1 here].

Influence of birth order on milk characteristics

Milk production differed between Firstborns and Laterborns. At peak lactation, Firstborns produced ∼12% lower milk volume than did Laterborns (Firstborns = 12.04 ± 0.64, Laterborns = 13.48 ± 0.44 mL, β = -1.44 ± 0.97, t = -1.82, P = 0.07). The effect of birth order was particularly strong among primipara; Firstborns produced on average 23% lower milk yield than did Laterborn (Fig. 2a). Among multipara, Firstborns produced 5% lower milk yield than did Laterborns (Fig. 2a). Differences in milk yield were due to differences in mass between Firstborns and Laterborns (Table 2). Maternal mass at peak lactation was a strong predictor of milk yield (χ2 = 40.34, P < 0.0001) and after stepwise inclusion of maternal mass, birth order was no longer a predictor of milk yield (Table 2), indicating that Laterborns produced more milk primarily because of their greater somatic resources. [Figure 2 here -Table 2 here].

As primipara, Firstborns and Laterborns produced similar milk composition, but as multipara, Firstborns produced lower concentrations of fat in milk than did Laterborns. Firstborns and Laterborns produced similar fat concentrations in milk as primipara (standard least square mean of 6.70% ± 0.36 and 6.69% ± 0.23, respectively; β = 0.05 ± 0.43, P = 0.99, N = 336), but as multipara, Firstborns produced significantly lower fat concentrations in milk than did Laterborns (standard least square mean of 6.73% ± 0.31 and 7.40% ± 0.17, respectively; β = 0.67 ± 0.34, P = 0.05, N = 336). Lactose and protein concentrations did not differ between milk produced by Firstborns and Laterborns (see Supplementary materials). Standard least square mean concentrations of lactose in milk produced by Firstborns and Laterborns were 7.20% ± 0.04 and 7.22% ± 0.03, respectively. Standard least square mean concentrations of protein in milk produced by Firstborns and Laterborns were 2.17% ± 0.05 and 2.13% ± 0.03%, respectively. Milk energetic density, the aggregate caloric density of milk from proximate composition of fat, protein, and carbohydrates, did not differ between Firstborn and Laterborn females (Firstborns = 1.02 ± 0.02, Laterborns = 1.06 ± 0.01 = -0.04 ± 0.03, β = 0.004 ± 0.003, t = -1.36, P = 0.17, Fig. 2b), despite the lower concentration of fat in the milk of Firstborn multipara, and the model did not retain the interaction between birth order and parity category (Table 2). AME, the product of milk energetic density and milk yield, was on average 16% lower for Firstborns compared to Laterborns (χ2 = 5.97, β = 1.94 ± 1.09, P = 0.01). Standard least square mean AME for Firstborn and Laterborn females were, respectively, 12.10 ± 0.65 and 14.00 ± 0.47 Kcal (Fig. 2.b). After stepwise inclusion of maternal mass at peak lactation, the model retained birth order category as a predictor for AME. Controlling for maternal mass, Firstborns produced ∼10% lower AME (∼1.3 Kcal) compared to Laterborns (χ2 = 2.62, β = 1.15 ± 1.06 Kcal, P = 0.1, Table 2).

Influence of maternal birth order on infant mass Despite differences in their mothers' energy provision through milk, the mass of infants of Firstborns and Laterborns did not differ significantly at peak lactation. Controlling for the effects of infant sex and age, and maternal parity category, standard least square mean mass for infants of Firstborns and of Laterborns were, respectively, 0.98 ± 0.02 and 1.00 ± 0.01 kg, β = -0.02 ± 0.02, t = -0.94, P = 0.35). Following AIC selection after stepwise inclusion of covariates, the best model included the beneficial effects of AME on infant mass as well as an interaction between AME and Firstborn/Laterborn category (χ2 = 8.74, P = 0.003, Table 3). This effect shows that infants of Firstborns reach similar mass as that of infants of Laterborns by gaining more mass per Kcal provided. Infants of Firstborns gain on average ∼13 more grams per provided kcal than infants of Laterborns (infant of Firstborns = 18.49 ± 3.93, infants of Laterborns = 5.97 ± 4.24 g/kcal, β = 12.52 ± 4.24 g/kcal, Table 3, Fig. 3). [Figure 3 here, Table 3 here].

Discussion

Daughters

of primiparous mothers (Firstborns) had slower juvenile growth, lower mass at reproductive debut, and produced less AME at peak lactation than did the adult daughters of multiparous mothers (Laterborns) (Fig. 4). Firstborns and Laterborns were similar mass at 4 mos of age, but grew apart in subsequent years; Firstborns had accelerated growth during infancy after peak lactation, but during juvenility were eclipsed in daily growth rate by Laterborns. Although Firstborns had similar skeletal stature, as measured by crown-rump length, to Laterborns in adulthood, Firstborns on average were lower body mass than were Laterborns. Despite slower growth during juvenility, typically a predictor for delayed reproductive debut in this population [START_REF] Pittet | Age at reproductive debut: developmental predictors and consequences for lactation, infant mass, and subsequent reproduction in rhesus macaques (Macaca mulatta)[END_REF], Firstborns were the same age as Laterborns at reproductive debut. Milk effects were most notable at reproductive debut when Firstborns were themselves primipara. This lower mass of Firstborns accounted for lower milk yield. Firstborns and Laterborns synthesized milk of similar energy density at peak lactation, with identical concentrations of protein and lactose in milk. Firstborns and Laterborns produced identical fat concentrations in milk as primipara, but Laterborns produced richer fat concentrations as multipara while Firstborns did not. But small, nonsignificant differences in milk yield and energy density, respectively, manifested in statistical, and likely biological, significance in combination. Firstborns synthesized ∼10% lower AME (total kcal synthesized during the period of milk accumulation), the product of milk energy density (Kcal/g) and milk yield (g) [START_REF] Hinde | Richer milk for sons but more milk for daughters: sex-biased investment during lactation varies with maternal life history in rhesus macaques[END_REF]), than did Laterborns, an effect that persisted after primiparity into multiparity. [Figure 4 here].

Our findings are some of the first to demonstrate consequences for milk synthesis in adulthood as a function of being reared by a young, primiparous mother. These results in part replicate and further extend recent findings in dairy cows [START_REF] Poczynek | Associations of body condition score at calving, parity, and calving season on the performance of dairy cows and their offspring[END_REF]). Rhesus Firstborns were not able to sustain accelerated growth during development as were dairy cow Firstborns, but did manifest limitations in their capacity to synthesize milk [START_REF] Poczynek | Associations of body condition score at calving, parity, and calving season on the performance of dairy cows and their offspring[END_REF]. Poczynek and colleagues (2023) investigated milk synthesis of Firstborn cows only on first lactation, but our findings suggest that this effect can persist well into the reproductive career as multipara. Further we report that milk composition is largely similar between Firstborns and Laterborns, suggesting that the primary impact on milk synthesis affects yield but does not produce specific deficits in synthesizing particular macroconstituents in milk. Our findings, emerging from captive primates, reveal that daughters of primiparous mothers are unable to compensate for early life constraints even in circumstances of year-round, ad libitum food access and continuous health care (daily health evaluation, quarterly physical exams, routine vaccination, and clinical intervention for illness and injury). Under conditions of fluctuating resources and greater immunological challenges, the long-term consequences of being Firstborn may be greater.

To date few studies have explored how early life conditions are associated with milk synthesis and composition. Among Filipino women, low weight at birth predicts lower concentrations of epidermal growth factor (EGF) but higher concentrations of EGF receptor (EGF-R) in milk synthesized in adulthood [START_REF] Kuziez | Maternal birth weight is associated with milk epidermal growth factor in Filipino women[END_REF]. Most research in this area of early life conditions, physiological organization, and lactation performance has been conducted in the context of bovine dairy production [START_REF] Soberon | Lactation Biology Symposium: the effect of nutrient intake from milk or milk replacer of preweaned dairy calves on lactation milk yield as adults: a meta-analysis of current data[END_REF][START_REF] Vries | Overview of factors affecting productive lifespan of dairy cows[END_REF][START_REF] Van Niekerk | ADSA Foundation Scholar Award: new frontiers in calf and heifer nutrition-From conception to puberty[END_REF]). Among dairy cows, nutrient partitioning between established lactation and current fetal gestation reduces milk production in adulthood [START_REF] González-Recio | Trans-generational effect of maternal lactation during pregnancy: a Holstein cow model[END_REF]. Heat stress during late gestation in dairy cows reduces lifetime milk production in daughters and grand-daughters [START_REF] Laporta | Late-gestation heat stress impairs daughter and granddaughter lifetime performance[END_REF]). Among calves, early life conditions reveal tradeoffs between maintenance and growth (immune response, thermoregulation) that reduce capacity for milk synthesis in adulthood [START_REF] Soberon | Preweaning milk replacer intake and effects on long-term productivity of dairy calves[END_REF][START_REF] Van Niekerk | ADSA Foundation Scholar Award: new frontiers in calf and heifer nutrition-From conception to puberty[END_REF]. The extent to which developmental systems are phenotypically plastic during early development or have subsequent windows of sensitivity varies across systems, sexes, and species [START_REF] Sachser | Adaptive modulation of behavioural profiles by social stress during early phases of life and adolescence[END_REF][START_REF] Fairbanks | Behavioral response of mothers and infants to variation in maternal condition: adaptation, compensation and resilience[END_REF][START_REF] Abuelo | Symposium review: lategestation maternal factors affecting the health and development of dairy calves[END_REF][START_REF] Wells | Life history trade-offs and the partitioning of maternal investment: implications for health of mothers and offspring[END_REF][START_REF] Schülke | Prenatal maternal stress effects on the development of primate social behavior[END_REF]) but the present findings, and currently scant literature, suggest that some aspects of lactation performance may be persistently impacted by early life conditions with limited recoverability by interventions in adulthood.

The capacity of primipara to invest in and care for Firstborns, as a function of maternal condition, context, and tradeoffs, have the potential to impact progeny in myriad ways.

Compromised lactation performance of primipara limits milk transfer to young [START_REF] Ingram | Maternal predictors of early breast milk output[END_REF][START_REF] Wathes | Differences between primiparous and multiparous dairy cows in the interrelationships between metabolic traits, milk yield and body condition score in the periparturient period[END_REF][START_REF] Hinde | Rhesus macaque milk: magnitude, sources, and consequences of individual variation over lactation[END_REF][START_REF] Nagy | Effect of genetic and nongenetic factors on chemical composition of individual milk samples from dromedary camels (Camelus dromedarius) under intensive management[END_REF][START_REF] Pérez-Barbería | Effects of maternal age and offspring sex on milk yield, composition and calf growth of red deer (Cervus elaphus)[END_REF][START_REF] Velarde-Guillén | Factors affecting the lactation curve parameters of crossbred dairy ewes in a flock of the highlands of Mexico[END_REF] and is effectively the limited resource in the adaptively relevant environment of the mammalian neonate. The lower milk production of the primiparous mother transfers fewer calories and essential nutrients for somatic maintenance, tissue development, cognitive tasks, and behavioral activity (Hinde 2013;[START_REF] Dettmer | Cortisol in neonatal mother's milk predicts later infant social and cognitive functioning in rhesus monkeys[END_REF][START_REF] De Weerth | Human milk: from complex tailored nutrition to bioactive impact on child cognition and behavior[END_REF] for Firstborns, be they singletons or first litter. Milk transferred to firstborns may not only be energetically limited, but may deliver a hormonal signal reflective of the constellation of neuroendocrine changes of an adolescent, primiparous mother during reproductive debut [START_REF] Dettmer | Associations between parity, hair hormone profiles during pregnancy and lactation, and infant development in rhesus monkeys (Macaca mulatta)[END_REF][START_REF] Sisk | Hormone-dependent adolescent organization of socio-sexual behaviors in mammals[END_REF][START_REF] Altmann | Adolescent pregnancies in non-human primates: an ecological and developmental perspective[END_REF][START_REF] Been | Hormones and neuroplasticity: a lifetime of adaptive responses[END_REF]). As such, milk from primiparous mothers may in part orchestrate tradeoffs within neonatal systems toward maternal optima within parentoffspring conflict [START_REF] Allen-Blevins | Milk bioactives may manipulate microbes to mediate parent-offspring conflict[END_REF][START_REF] Hinde | Cortisol in mother's milk across lactation reflects maternal life history and predicts infant temperament[END_REF][START_REF] Dettmer | Cortisol in neonatal mother's milk predicts later infant social and cognitive functioning in rhesus monkeys[END_REF]. Indeed, during the period of lactation, hormonal signaling is unidirectional from mother to offspring, unlike the multidirectional signaling among mother, placenta, and fetus during pregnancy, and may afford mothers greater leverage to physiologically organize infant phenotype more toward maternal optima. The young mother's adaptive optima may favor accelerated infant maturation and earlier offspring independence, enabling a primipara's transition to recovery, catch-up growth, and next reproduction. Alternatively, for some mothers, the optima may be for offspring to have slower daily growth and less behavioral activity to reduce daily costs of sustaining lactation [START_REF] Lee | The meanings of weaning: growth, lactation, and life history[END_REF][START_REF] Laurien-Kehnen | Maternal food restriction delays weaning in the guinea pig, Cavia porcellus[END_REF].

Within the present study, once maintenance requirements are met, lower AME from Firstborns may be influencing offspring to prioritize growth [START_REF] Roberts | Lactational performance in relation to energy intake in the baboon[END_REF][START_REF] Stearns | The evolution of life histories[END_REF]. Infant physiology may preferentially allocate milk toward somatic growth at the expense of behavioral activity or cognitive development, explaining our finding that infants of Firstborns and Laterborns had similar mass in infancy despite their mothers producing lower AME. Growth-associated microbial communities within the infant gut may in part compensate for decreased milk energy. Intriguingly, among captive vervet monkeys, lower parity mothers produced lower milk yield, but produced a milkoriented microbiome more extensively shared with offspring that was associated with greater infant weight gain [START_REF] Petrullo | The early life microbiota mediates maternal effects on offspring growth in a nonhuman primate[END_REF]. Prioritizing growth may enable infants of Firstborns to achieve infant body mass comparable to the infants of Laterborns, but may come at longer-term costs. In this population of rhesus macaques, lower AME during early development is predictive of a less "Confident" temperament, a factor that loads observer ratings for how confident, bold, active, curious, and playful an infant is during a standardized biobehavioral assessment [START_REF] Hinde | Lactational programming? Mother's milk energy predicts infant behavior and temperament in rhesus macaques (Macaca mulatta)[END_REF]. For wild-living Assamese macaques (Macaca assamensis), motor skill development is accelerated by locomotor play, but allocation toward locomotor play directly impacts up to 50% of the variance in growth [START_REF] Berghänel | Locomotor play drives motor skill acquisition at the expense of growth: a life history trade-off[END_REF]. Among wild-living female baboons (Papio anubis), an index of early life adversity that included being Firstborn, revealed lower sociability in adulthood [START_REF] Patterson | Early life adversity has long-term effects on sociality and interaction style in female baboons[END_REF]. As most primates benefit from social connection, loneliness can have psychoneuroimmunological consequences [START_REF] Taylor | Biobehavioral responses to stress in females: tend-and-befriend, not fight-or-flight[END_REF][START_REF] Hawkley | Perceived social isolation, evolutionary fitness and health outcomes: a lifespan approach[END_REF][START_REF] Capitanio | Variation in infant rhesus monkeys'(Macaca mulatta) neutrophil-tolymphocyte ratio is associated with environmental conditions, emotionality, and cortisol concentrations, and predicts diseaserelated outcomes[END_REF]. Other aspects of milk, not investigated in the present study, may also be contributing to infant growth. Hormonal components of milk influence infant growth [START_REF] Hinde | Cortisol in mother's milk across lactation reflects maternal life history and predicts infant temperament[END_REF][START_REF] Hollanders | Nutritional programming by glucocorticoids in breast milk: targets, mechanisms and possible implications[END_REF][START_REF] Mazzocchi | Hormones in breast milk and effect on infants' growth: a systematic review[END_REF][START_REF] Gregg | Bioactive compounds in mothers milk affecting offspring outcomes: a narrative review[END_REF]), but how hormone concentrations in milk differ between Firstborns and Laterborns are not yet known. If we think of the phenotype of the mammalian infant as a building, the nutrients of mother's milk function as the construction materials, but maternal-origin bioactive signals may also function to influence aspects of architectural design, thereby organizing offspring developmental tradeoffs. Future research into endocrine receptor expression within the intestinal tract of mammalian infants [START_REF] Chapkin | Noninvasive stool-based detection of infant gastrointestinal development using gene expression profiles from exfoliated epithelial cells[END_REF]) combined with nutritional and hormonal concentrations in milk would provide important insights into the co-organization of infant developmental priorities within a life-history framework [START_REF] Allen-Blevins | Milk bioactives may manipulate microbes to mediate parent-offspring conflict[END_REF].

The intergenerational consequences of primiparity are largely unstudied, but have clinical, agricultural, and theoretical relevance. Globally, although progress in access to family planning and secondary education has expanded for girls, over 11 million births are among adolescent, primiparous mothers annually [START_REF] Azzopardi | Progress in adolescent health and wellbeing: tracking 12 headline indicators for 195 countries and territories, 1990-2016[END_REF]. If a Firstborn effect occurs for humans as observed in other mammals, this could impact lactation performance especially in regions experiencing multiburdens of disease [START_REF] Azzopardi | Progress in adolescent health and wellbeing: tracking 12 headline indicators for 195 countries and territories, 1990-2016[END_REF]. Public health campaigns, baby friendly initiatives, Indigenous food sovereignty, lactation health certifications, and other initiatives globally have improved breastfeeding initiation rates from historic lows in some regions and effective breastfeeding support is a key aspect of reducing global burdens of disease [START_REF] Azad | Breastfeeding and the origins of health: interdisciplinary perspectives and priorities[END_REF][START_REF] Tomori | What works to protect, promote and support breastfeeding on a large scale: a review of reviews[END_REF][START_REF] Emmott | Improving breastfeeding rates: evolutionary anthropological insights for public health[END_REF][START_REF] Pérez-Escamilla | Breastfeeding: crucially important, but increasingly challenged in a market-driven world[END_REF]. Gaps between perceptions and physiological milk synthesis present specific challenges for both families and health care workers (Huang et al. 2021;[START_REF] Galipeau | Perception of not having enough milk and actual milk production of first-time breastfeeding mothers: is there a difference?[END_REF]. Understanding intergenerational effects on physiological capacity for milk synthesis, along with recognized predictors of poorer lactation performance-such as primiparity, preterm birth, traumatic birth, hormonal dysregulation, lack of paid parental leave policies, and unsupportive social networks [START_REF] Scelza | Crucial contributions: a biocultural study of grandmothering during the perinatal period[END_REF][START_REF] Beggs | Women's perceptions and experiences of breastfeeding: a scoping review of the literature[END_REF][START_REF] Yunus | Determinants Of unsuccesful exclusive breastfeeding-a scoping review[END_REF])-will improve patientcentered care and maternal self-efficacy (Huang et al. 2021). Further, recognizing additional constraints on physiological capacity for milk synthesis will hopefully limit dismissiveness of women's breastfeeding challenges and reduce stigma directed toward mothers who formula-feed [START_REF] Moss-Racusin | Breast is (viewed as) best: demonstrating formula feeding stigma[END_REF][START_REF] Doonan | There's no formula for a good mother: shame and estranged maternal labour[END_REF]. Better understanding of intergenerational effects on heifer phenotype can improve herd management, reduce heifer overproduction, and improve cost effectiveness in the dairy sector [START_REF] Laporta | Late-gestation heat stress impairs daughter and granddaughter lifetime performance[END_REF][START_REF] Poczynek | Associations of body condition score at calving, parity, and calving season on the performance of dairy cows and their offspring[END_REF]. Our results about growth and reproduction of Firstborns and Laterborns also speak to the necessity of integrating individual early life parameters into the characterization of life-history strategies. A similar age of reproductive debut can be deployed by females who experienced very different early life endowments under the same general ecological pressures after the period of maternal dependence. Interestingly, in the present study Firstborns and Laterborns "grew apart" from disparate paces at different phases [START_REF] Badyaev | Growing apart: an ontogenetic perspective on the evolution of sexual size dimorphism[END_REF][START_REF] Gicquel | Early-life adversity predicts performance and fitness in a wild social carnivore[END_REF]. Firstborns demonstrated accelerated daily growth in infancy, but were eclipsed by Laterborns' accelerated growth in juvenility. From an intergenerational perspective, how the infants of Firstborns and Laterborns may "grow apart" remains to be known.

We note several limitations in the present study. The Firstborn and Laterborn subjects were restricted to those that survived gestation, infancy, juvenility, and attained reproductive maturity to produce at least one viable infant such that milk could be collected at peak lactation. Therefore the sample reflects some of the more "successful" outcomes among progeny. Importantly, in this captive population, daughter Firstborns are not at greater mortality risk than are daughter Laterborns [START_REF] Nuñez | Offspring of primiparous mothers do not experience greater mortality or poorer growth: revisiting the conventional wisdom with archival records of rhesus macaques[END_REF]), but we can not rule out that sample was potentially biased due to aspects of colony management. Further, joint modeling of survival and growth of Firstborns and Laterborns in a colony-wide analysis did not identify different growth patterns between daughter Firstborns and Laterborns in infancy and juvenility [START_REF] Nuñez | Offspring of primiparous mothers do not experience greater mortality or poorer growth: revisiting the conventional wisdom with archival records of rhesus macaques[END_REF]. The findings may reflect one growth tactic of a subset of Firstborns that facilitated the same age of reproductive debut, although we note that in the previous analysis, Laterborn comperands were restricted to offspring from their mother's 4th, 5th, or 6th parity, so are not directly comparable to the range of parities from 1st to 16th included in the present analysis. Among Firstborns within the present dataset, we did not statistically explore their mother's age at primiparity due to limitations of sample size. Within this rhesus population, age at reproductive debut is typically 4-yearsold, but some females have early debut at 3years-old and some are delayed to 5-yearsold. AME varies across early, typical, and late in a U-shaped function, with both 3-and 5year-old primipara having worse milk synthesis than do 4-year-old primipara [START_REF] Pittet | Age at reproductive debut: developmental predictors and consequences for lactation, infant mass, and subsequent reproduction in rhesus macaques (Macaca mulatta)[END_REF]. Daughter Firstborns of young and older primipara would be predicted to have even greater deficits of maternal endowment and constraints during early life organization.

Conclusions

Our findings contribute new information among primates on how early life maternal endowments are associated with persistent effects long after the period of maternal dependence well into reproductive maturity. Adult daughters of primiparous mothers show different patterns of growth from the adult daughters of multiparous mothers, but are constrained in the AME they produce for their offspring at peak lactation. But the phenomenological, outcome based measures of lactation performance and milk composition presented here only hint at the underlying mechanisms through which early life organization impacts lactation in adulthood. Differences in body mass between Firstborns and Laterborns accounted for the variance in milk yield between these two groups, but could not fully explain differences in AME. Differences in AME may be due to different capacities to nutrient partitioning, mammary gland morphology, or cellular function. Long-term integrative studies of physiology, behavior, and life history-pace of life syndromes-are needed to better understand the magnitude and complexities of maternal influences on offspring developmental tradeoffs and lifetime reproductive success [START_REF] Stearns | The evolution of life histories[END_REF][START_REF] Réale | Personality and the emergence of the pace-oflife syndrome concept at the population level[END_REF][START_REF] Dammhahn | Pace-of-life syndromes: a framework for the adaptive integration of behaviour, physiology and life history[END_REF][START_REF] Wells | Life history trade-offs and the partitioning of maternal investment: implications for health of mothers and offspring[END_REF]. 2). Energetic density and AME data were corrected for assay method (see [START_REF] Pittet | Age at reproductive debut: developmental predictors and consequences for lactation, infant mass, and subsequent reproduction in rhesus macaques (Macaca mulatta)[END_REF]. Laterborn primipara synthesized more milk than did Firstborn primipara, with no differences in milk energy density. Despite diminishing effects on milk yield with advancing parity, Firstborns produced lower AME across the reproductive career than did Laterborns. In the present study we found that daughters of primiparous mothers (Firstborns, FB) had different growth trajectories in infancy and juvenility, smaller mass at reproductive debut, and reduced lactational performance in adulthood compared to daughters of multiparous mothers (Laterborns, LB).
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  Figure 1. Maternal mass (A) and maternal crown-rump length (B) 3-4 months postpartum during peak lactation according to birth order category and parity (N = 336). FB: Firstborns, LB: Laterborns. Boxplot and scatterplots represent adjusted values, controlling for maternal age, social rank, and birth-timing within the present season.

Figure 2 .

 2 Figure 2. Milk yield (A), energetic density (B), and AME (C) according to birth order category and parity (N = 336). FB: Firstborns; LB: Laterborns. Data were corrected for infant sex, age, and birth date when identified as predictors (Table2). Energetic density and AME data were corrected for assay method (see[START_REF] Pittet | Age at reproductive debut: developmental predictors and consequences for lactation, infant mass, and subsequent reproduction in rhesus macaques (Macaca mulatta)[END_REF]. Laterborn primipara synthesized more milk than did Firstborn primipara, with no differences in milk energy density. Despite diminishing effects on milk yield with advancing parity, Firstborns produced lower AME across the reproductive career than did Laterborns.

Figure 3 .

 3 Figure 3. Infant mass according to milk AME. Infant mass data were corrected for infant age and sex and AME data were corrected for assay method. Infants of Firstborns and of Laterborns are plotted with corresponding regression line and 95% confidence interval. Infant mass at peak lactation is positively related to AME. The positive relationship between AME and infant mass is stronger among infants of Firstborns than among infants of Laterborns (β = 12.52 ± 4.24 g/kcal, P = 0.003).

Figure 4 .

 4 Figure 4. Summary of Key Findings. Previous research among rhesus macaques demonstrated that primiparous mothers (P) on average have fewer somatic resources during lactation and produce milk and lower AME than do multiparous mothers (M).In the present study we found that daughters of primiparous mothers (Firstborns, FB) had different growth trajectories in infancy and juvenility, smaller mass at reproductive debut, and reduced lactational performance in adulthood compared to daughters of multiparous mothers (Laterborns, LB).
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Table 1. Linear mixed models for maternal mass and crown-rump length at peak lactation (N = 336).

Mass at peak lactation (kg)

Crown-rump length (cm) Energy density and AME analysis account for milk assay method (see [START_REF] Pittet | Age at reproductive debut: developmental predictors and consequences for lactation, infant mass, and subsequent reproduction in rhesus macaques (Macaca mulatta)[END_REF]. Hyphens indicate that the parameter was not retained through model selection.