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Abstract

Variation in parental age can have important consequences for offspring fitness and the structure of
populations and disease transmission. However, our understanding of the effects of parental age on
offspring in natural populations is limited. Here, we investigate consequences of parental age for
offspring fitness and test for age-assortative mating in a short-lived bird, the house wren
(Troglodytes aedon). Offspring immunoresponsiveness increased with maternal age and decreased
with paternal age, but the strength of these effects varied with the age of one’s mate. Offspring
immunoresponsiveness was augmented most with older mothers and younger fathers. Thus, we
expected this combination of ages to yield the highest offspring fitness. However, offspring
recruitment, longevity, and lifetime reproductive success were greatest when both parents were of
above-average age. Consistent with the interactive effects of parental age on offspring fitness, we
detected positive age-assortative mating among breeding pairs. Our results suggest that selection
favors age-assortative mating, but in different ways depending on how parental ages affect
offspring. We suggest that, in this short-lived species, selection for combinations of parental ages
that maximize offspring immune responses is likely weaker than selection to produce breeding
adults.
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Introduction

Older individuals often have greater breeding productivity than younger individuals across
vertebrate taxa. Indeed, long-term ecological studies of wild populations have revealed
changes in reproductive output with age in red deer (Cervus elaphus) with a maximum age
of ca. 23 years (Clutton-Brock ‘84; Wilson et al. 2007) and Soay sheep (Ovi/s aries) with a
maximum age of ca. 16 years (Wilson et al. 2007). Such a pattern has also been reported in
long-lived birds such as the blue-footed booby (Su/a nebouxii, maximum age ca. 14 years;
Torres et al. 2011; see also Bradley and Safran 2014 for review), and moderately-aged birds
such as the great tit (Parus major, maximum age ca. 9 years; Bouwhuis et al. 2009).
However, increased reproductive output with age does not always result in higher annual
fitness (sensu Coulson et al. 2006) of older individuals (e.g., Bouwhuis et al. 2010; Marshall
et al. 2010). For example, offspring of older parents were recently found to be less fit than
those of younger parents in some avian species, including the common tern (Sterna hirundo;
Bouwhuis et al. 2015a) and the house sparrow (Passer domesticus, Schroeder et al. 2015).
Moreover, results of previous studies suggest that parental ages can interact to affect
offspring in humans (Fisch et al. 2003) and birds (Drummond and Rodriguez 2015),
whereby the effect of the age of one parent depends on the age of the other (but see Richard
et al. 2005 for an exception in common lizards, Lacerta vivipara). It is unclear whether
parental age affects breeding performance over just a few years, as may be the case for
shorter-lived species that might not experience significant senescence, and whether parental
ages interact to influence offspring fitness in such species.

We recently found that increasing paternal age negatively affects offspring immune
responsiveness to phytohaemagglutinin (PHA) and survival in a short-lived bird, the house
wren ( 7roglodytes aedor), in which 86% of adults breed at only one or two years of age, and
96% at three years of age or younger (Supplementary Fig. 1). PHA is a plant-derived
mitogen that, upon subcutaneous injection, stimulates a cytokine-induced proinflammatory
response and the local infiltration of leukocytes (Martin et al. 2006; Vinkler et al. 2014;
Bilkova et al. 2015). This results in measurable tissue swelling, the magnitude of which is
generally accepted as a reflection of cutaneous immune activity, derived from the innate and
adaptive axes of the vertebrate immune system (Martin et al. 2006; Forsman et al. 2010;
Vinkler et al. 2014). The magnitude of the swelling induced by PHA among nestlings has
been found to predict their recruitment as breeding adults into local populations in a number
of species, including our study species (Cichor and Dubiec 2005; Moreno et al. 2005;
Lopez-Rull et al. 2011; Bowers et al. 2014). We recently found that increases in a male’s age
were associated with a reduction in the PHA responsiveness of his genetic offspring, but not
the offspring within his nest sired by males outside the pair bond and whose only
contribution was sperm (Bowers et al. 2015c; see also Saino et al. 2002 for a similar result in
another species). Although males that survive to above-average ages may have higher-
quality genes (i.e., those that promote survival to old age) than younger males, on average,
they also experience an ever-increasing load of deleterious, germ-line mutations with age
(Hansen and Price “99; Radwan 2003; Velando et al. 2011; Preston et al. 2015). This should
reduce the fitness of their progeny and, thus, the extent to which they are favored as mates
(Hansen and Price ‘95; Beck and Promislow 2007; Schroeder et al. 2015). Female
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preferences for male age may, therefore, be subject to opposing selective forces, favoring
younger males with respect to their lower mutational load, but older males with respect to
their demonstrated fitness (Brooks and Kemp 2001).

Variation in parental age has widespread implications for sexual selection and the evolution
of mating decisions (Kokko ‘97; Beck et al. 2002; Hunt et al. 2006; Evans et al. 2011;
Ramos et al. 2014; Hsu et al. 2015). Given the negative effect of paternal age on offspring
immunity that we observed, and the positive effect that maternal age and experiences can
have on offspring immune activity (Grindstaff et al. 2003, 2006; Sadd and Schmid-Hempel
2007; Martyka et al. 2011; Bowers et al. 2012; 2015b), combinations of maternal and
paternal ages may elicit effects on offspring survival after they have left the nest. Thus, we
posit that maternal and paternal age interact to affect offspring fitness, potentially favoring
age-assortative mating. Despite the occurrence of assortative mating in a variety of contexts
and species (e.g., Fawcett and Johnstone 2003; Jiang et al. 2013), the strength of assortment
varies widely among taxa, and little is known about the origin and maintenance of this
diversity. A recent meta-analysis (Jiang et al. 2013) revealed evidence of positive assortment
in a diverse set of taxa, but suggested that classical assumptions about the forces favoring
assortative mating should be revisited, particularly with empirical data (see also Kirkpatrick
and Nuismer 2004).

Here, we test for interactive effects of maternal and paternal age on breeding productivity
and offspring fitness in the house wren. We predicted an interaction between parental ages in
their effects on offspring cutaneous immune activity, longevity, and lifetime reproduction.
We also test for assortative mating with respect to age among breeding pairs. We predicted
that, if combinations of parental ages influence offspring fitness, the direction of these
effects should predict the degree of age-assortative mating. Specifically, if offspring viability
is maximized when parents differ widely in age, then parents should mate disassortatively
with respect to age; alternatively, if parents of similar age produce offspring with increased
reproductive value, then breeding pairs should contain members that are more similar in age
than expected under random mating.

Materials and methods

House wrens are small, secondary-cavity-nesting songbirds that are distributed widely
across the Americas (see Johnson 2014 for in-depth review of their biology). We studied a
population breeding in secondary deciduous forest in McLean County, Illinois, USA
(40.665°N, 88.89°W) from 2004-2013 as part of a long-term project that began in 1980.
Since 2004, there have been 820 nestboxes available for house wrens. This species readily
accepts nestboxes for nesting, and ca. 95% of the nests in this population are produced in the
nestboxes provided (Drilling and Thompson ‘88). Nestboxes in this study were spaced 30 m
apart along north-south transects separated by 60 m and mounted atop 48.3-cm diameter
aluminum predator baffles on 1.5-m poles (Lambrechts et al. 2010 provide further details on
nestboxes). Only the female incubates eggs and broods nestlings, but both parents deliver
food to offspring during nestling development, which lasts ca. 15 days (Bowers et al. 2016).
Breeding seasons extend from late April to August. The initiation of new nests is
characterized by two peaks of activity, with the first, main peak of activity in early May and
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the second in late June (Bowers et al. 2016). Mate fidelity across reproductive events within
seasons is low, as breeders generally switch mates from earlier- to later-season nests
(Drilling and Thompson “91; Poirier et al. 2003), and interannual mate retention is very rare
(there were 598 nests from 2004-2013 for which we knew the identity of both parents, and
there were four pairs that bred together in two different years).

Nestboxes were checked at least twice weekly during the breeding season to document the
initiation and status of nests. We captured breeding pairs, either inside nestboxes or using
mistnets next to the box, once females completed egg laying and commenced incubation or
shortly thereafter while provisioning nestlings. We measured the body mass (+ 0.1 g) and
tarsus length (+ 0.1 mm) of adults, and banded them with a unique U. S. Geological Survey
leg band.

As hatching approached, we visited nests daily to document when this occurred. We then
visited nests periodically during the nestling stage to monitor their progress, and nestlings
were weighed and banded 11-13 days posthatching, by which time body mass is at an
asymptote (Bowers et al. 2015a). At this time, we administered a PHA skin test in nestlings
by injecting PHA into the left wing web. Injection of PHA causes a proinflammatory
response that results in tissue swelling. To do this, we measured wing-web thickness (+ 0.01
mm; Mitutoyo no. 547-500, Mitutoyo, Aurora, IL, USA) as the mean of three measures
prior to injection of the web with a 50-uL solution of PHA (L8754; Sigma-Aldrich, St.
Louis, MO, USA) dissolved in phosphate-buffered saline (PBS; concentration = 5 mg
PHA/mL PBS). We measured the same site 24 h later (three measures), and used the
difference between the pre- and post-injection means as the response to PHA. Although this
single measure does not comprehensively reflect an individual’s ability to combat infection
and disease, it is a functionally relevant measure that positively predicts recruitment into the
population as breeding adults (Bowers et al. 2014; see also Cichén and Dubiec 2005;
Moreno et al. 2005; Lépez-Rull et al. 2011 for similar results in other species). Following
the administration of the PHA test, we visited nests daily to determine fledging dates (ca.
14-17 days posthatching), and attempted to capture all breeding adults in subsequent years
through the 2016 season to document the recruitment and reproductive success of these
offspring as breeding adults.

We assessed the distribution of parental ages (Supplementary Fig. 1) among the nests for
which we measured offspring PHA responsiveness (A= 3,908 nestlings from 720 broods).
Our data for parental ages reflect minimum ages, as most adults are not produced as
offspring in our nestboxes (75 of 556 total females and 131 of 445 total males were
produced in the nestboxes); thus, we assume that adults captured for the first time breeding
on the study area are one year of age. This is a safe assumption, because breeders generally
do not go undetected for more than one year; of all offspring produced on the study that
recruited as a breeding adult from 1980-2014 (V= 1,248), 82% were captured at one year of
age, and 97% by two years of age. Thus, although some newly banded adults were likely to
be greater than one year of age, this should represent a small percentage of cases, and would
add only noise to the patterns we observe. We used SAS (version 9.4) for all analyses, all
tests are two-tailed (a = 0.05), and we converted data to z-scores prior to analysis to obtain
standardized parameter estimates (Schielzeth 2010).
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We first tested whether clutch sizes varied with maternal and paternal ages using a linear
mixed model in PROC MIXED with the age of both parents as crossed fixed effects, and we
included year and maternal and paternal identities as random effects. We also included
breeding date (i.e., clutch-initiation date) and a measure of territory quality as covariates to
control for environmental variation (Wilkin and Sheldon 2009; Pigeon et al. 2013). Because
the nestboxes used by these birds are fixed in space, we used a proxy of territory quality
quantified as the number of clutches produced in a given nestbox over the 10 years
preceding its use in the current study (see also Bowers et al. 2017). Approximately 20-30%
of females and 25-45% of males breeding on the study site in a given year return to breed
the next year (Johnson 2014); however, birds rarely use the same nestbox in successive
years, such that turnover in the use of these territories is high and that these estimates of
territory quality are independent of the reproductive success of focal birds in future years
(Bowers et al. 2017). Thus, this is a reliable index of territory quality in our study species
that reflects the attractiveness of nest sites and the productivity of birds that use them (see
also Janiszewski et al. 2013), and it is not confounded by variation in parental ages or
breeding date. For example, this measure of territory quality positively predicted the body
mass of nestlings produced in the current study (linear mixed model with nest as a random
effect: estimate + SE = 0.075 + 0.033, £ 5p3 = 5.05, P=0.025), but this measure of territory
quality was not correlated with either breeding date (estimate + SE = -0.002 + 0.041, £ 533
=0.00, £=0.953) or with female or male age (correlation with female age: estimate + SE =
0.058 + 0.041, £ 538 = 2.01, P=0.156; correlation with male age: estimate + SE = 0.030
+0.042, A1 538 = 0.50, P=0.479). We used a similar model to analyze fledging success, but
with clutch size as an additional covariate. We controlled for clutch size in this analysis to
reflect the number of fledglings produced, while holding constant the number of eggs laid
(sensuHodges et al. 2015). We also tested whether parental ages predicted breeding date
using a linear mixed model with parental ages as fixed effects and year and maternal and
paternal identities as random effects.

We tested whether offspring responsiveness to PHA varies with parental age using a similar
linear mixed model as that above, with the same fixed and random effects, with the addition
of nest identity as an added random effect to account for the non-independence of nestlings
within broods. Nestling PHA responsiveness is positively correlated with measures of body
condition (Sakaluk et al. 2014); thus, we also included nestling body mass as a covariate in
this analysis to control for individual differences in the condition of nestlings (we used raw
body mass as a covariate because we lacked data on tarsus length, a commonly used proxy
for body size, for a number of nestlings). We used a similar model to test whether
combinations of parental ages similarly affect nestling body mass, a trait that is also
predictive of offspring recruitment, longevity, and future reproductive success in our study
species (Bowers et al. 2014, 2015a) and in others (Bouwhuis et al. 2015b; Rollinson and
Rowe 2015). We then analyzed the recruitment of individual young as breeding adults in the
local population in subsequent years using a generalized linear mixed model with a binary
response (recruited = 1, did not recruit = 0) and logit link function (PROC GLIMMIX).
Because we predicted that the effects of parental age on offspring PHA responsiveness
would also predict offspring recruitment, we retained the same fixed and random effects for
this analysis as for PHA responsiveness. We also used a similar model to analyze effects of
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parental age on offspring longevity (i.e., number of years as a breeder) and lifetime
reproductive success (i.e., total number of fledglings produced) in the population. For
graphical purposes, we present surface plots of fitted values from the interaction between
maternal and paternal ages. Plotting these ages on a surface required that we obtained
sufficient replication for each combination of parental ages; to achieve this, we pooled
parents aged three years and older (see Supplementary Fig. 1), and this approach produces
similar results with respect to offspring PHA responsiveness and recruitment as those
presented below.

We then tested for assortative mating among breeding pairs with respect to age. To do this,
we analyzed maternal age as a dependent variable with male age as an independent variable,
with breeding date as a covariate, in a linear mixed model (PROC MIXED) that included
year and maternal and paternal identities and random effects. Because we did not know the
exact age of many of the adults in our sample, we also tested this in a sample of nests
produced from 1980-2014 by pairs of birds in which both parents were produced on the
study area (V=96 nests) and in which the age of all parents was known.

There was an interaction between maternal and paternal age in their effect on clutch size
(Table 1a, Fig. 1). Clutch size increased with maternal age when females were paired with
older males (estimate = SE = 0.200 + 0.076, £ g52 = 6.93, P=0.011; Fig. 1), but not when
paired with younger males. Thus, the largest clutch sizes were produced by older females,
but only when they were paired with similar-aged males (Fig. 1). Although clutch size
predicted the number of young fledged from a given nest, parental ages did not interact to
influence the number of fledglings produced per egg laid, nor did the age of either parent
affect this (Table 1b). Breeding date was not associated with the age of either parent
(maternal age: estimate + SE = -0.051 + 0.036, /590 = 2.02, P=0.156; paternal age:
estimate + SE =-0.033 + 0.037, £ 599 = 0.77, P=0.380; maternal x paternal age: estimate
+ SE =-0.010 + 0.037, £ 589 = 0.08, P=0.783).

Cutaneous immune activity of offspring was influenced by particular combinations of
parental ages (Table 2a, Fig. 2a). Overall, offspring immune responsiveness increased with
maternal age while decreasing with paternal age, but the strength of these effects varied with
partner age. The positive effect of maternal age was most pronounced when females were
paired with yearling males (estimate £ SE = 0.149 + 0.043, £ g1 = 12.13, £<0.001; Fig.
2a), but disappeared with increases in paternal age (Fig. 2a). On the other hand, paternal age
had no effect on offspring immune responsiveness when females were one year of age, but a
negative effect on offspring immune responsiveness when females were three years of age
and older (estimate + SE = -0.215 + 0.087, F g7 = 6.19, P=0.016; Fig. 2a). These effects
do not appear to be a product of parental experience, as we assessed within-parent changes
in age and their effect on offspring immune responsiveness, but there was no evidence for an
effect of increasing maternal experience (/~,, 473 = 0.80, P= 0.448), paternal experience

(R, 472 = 0.39, P=0.674), or an interaction between the two (F3 460 = 0.66, A= 0.575).
Although there was a tendency for older females to rear heavier nestlings, there was no
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interaction between maternal and paternal ages in their effect on nestling body mass (Table
2h).

As expected, there was also an interaction between parental ages in their effect on the
recruitment of offspring as breeding adults (Table 3a, Fig. 2b). However, this interaction
term was of the opposite sign of that for immune activity, as the manner in which parental
ages affected recruitment was different from their effect on immune responses. Offspring
recruitment was higher when their parents were of similar age than when their parents’ ages
differed more widely (Fig. 2b), and the age of each parent had a positive effect on offspring
recruitment when paired with an older mate (effect of maternal age when paired with an
older male: estimate + SE = 0.363 + 0.124, F1 7317 = 8.51, £=0.005; effect of paternal age
when paired with an older female: estimate + SE = 0.498 + 0.160, F; g29 = 9.74, P=0.002;
Fig. 2b). In fact, the recruitment of offspring was greatest for the oldest of breeding pairs
(Fig. 2b). Consistent with effects of parental age on offspring recruitment, offspring
longevity and lifetime reproductive success were predicted similarly by an interaction
between parental ages (Table 3b,c; Fig. 2c,d)

Among the breeding pairs that produced these offspring, there was a significant, positive
correlation between maternal and paternal age (estimate + SE = 0.132 + 0.040, A 583 =
10.96, P=0.001; Fig. 3a), while controlling for breeding date (association between breeding
date and maternal age: estimate + SE = —0.005 % 0.020, /1 245 = 0.06, = 0.811). There was
also no interaction between paternal age and breeding date (estimate + SE = 0.009 + 0.017,
F1 225 = 0.26, P=0.610), indicating that the strength of the age-assortative mating was
consistent across the range of the breeding season. This relationship was not manifested by
an overabundance of yearling pairs, as re-analyzing the age-assortative mating without
yearling pairs produces a qualitatively similar result (estimate + SE = 0.147 + 0.054, £ 334
=7.34, P=0.007). Analyzing the correlation between maternal and paternal ages using a
non-parametric correlation (not accounting for non-independence of multiple broods
produced by a single individual) also produces a qualitatively similar result (Spearman’s
rank correlation psgg = 0.129, £=0.002). Many pairs in this analysis consisted of 1-year-old
females paired with 1-year-old males, most of which were not produced on the study area
and, consequently, contained some uncertainty about their age. We also analyzed this using a
set of nests in which both members of the breeding pair were produced on the study area to
obtain a sample of pairs in which the exact age of both adults was known without error (V=
96 breeding pairs from 1980-2014). Consistent with the association we detected among the
larger set of nests, the positive correlation between maternal and paternal age persisted
among all pairs of known-age birds (estimate + SE = 0.195 + 0.075, A 2663 =6.77, P=
0.015; Fig. 3b), and this was also the case while controlling for breeding date (association
between breeding date and maternal age: estimate + SE = -0.229 £ 0.071, A 2465 = 10.32,
P=0.004; interaction between age and breeding date: estimate + SE = 0.003 + 0.062,

F]_’ 16.57 = 0.00, P= 0.965).

Discussion

Although previous studies have found that older individuals often have greater breeding
productivity than younger individuals, at least to a point, little attention has been paid to the
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possibility that male and female ages may interact to affect offspring fitness. We detected
significant interactions between parental ages in their effect on a number of important life-
history traits, including the number of eggs a female produces and the cutaneous immune
activity and fitness of her offspring. Overall, the longevity and lifetime reproductive success
of offspring was higher when their parents were of above-average age; these components of
offspring fitness were also greater when their parents were similar in age than when their
parents differed more widely in age. Parental experience is commonly invoked in studies
assessing effects of parental age on offspring; however, a correlation between parental age
and breeding productivity does not necessarily reflect improvements with parental
experience, as the selective disappearance of poor-quality individuals at young ages can
create a positive correlation between parental age and productivity even in the absence of an
effect of prior experience. We did not detect within-individual changes in nestling immune
responsiveness in this study, and analysis of a larger set of nestlings indicates no within-
individual improvement in breeding productivity as parents age (unpublished data). This
suggests that age obtained in our study population reflects an individual’s intrinsic quality,
whereby higher-quality individuals who live longer than average also produce offspring who
live longer than average and have increased lifetime reproductive success (Fig. 2).

We also detected positive assortative mating with respect to age; this was the case among
adults producing the offspring we measured here, and was also the case among a smaller set
of known-age recruits who were produced on the study area. Assortative mating should be
favored when similarities in particular traits within breeding pairs is associated with
increased fitness. Correlated trait values between mates are commonly observed across
animal taxa (= 0.28, on average, in Jiang et al. 2013), and the strength of these correlations
varies widely, but little is known about the origin and maintenance of this diversity. True
assortative mating necessitates that some degree of choice be expressed by males, yet strong
choosiness by males should generally be selected against (Servedio and Lande 2006;
Servedio 2007; Jennions and Kokko 2010). Nonetheless, theory predicts that male mate
choice can evolve when males can perceive their own intrasexual competitive ability and
pursue females for which they are competitive, particularly if the traits upon which choice is
based confer increased fertility or offspring viability (Fawcett and Johnstone 2003; Servedio
and Lande 2006; Kokko and Jenions 2008). For both females and males, age is likely to be
an honest signal of individual “quality,” defined here as the ability to achieve old age, and
may be a trait that both females and males can readily assess, and pair accordingly.

We found that offspring with an older mother and a younger father had a heightened form of
immune activity that is comprised of both innate and adaptive axes of the vertebrate immune
system (Martin et al. 2006; Forsman et al. 2010). Positive assortative mating was previously
detected in the barn owl ( 7yfo alba) with respect to a secondary sexual character (black
plumage spots; Roulin *99) that also signals resistance to ectoparasites (Roulin et al. 2001).
Given that immune activity of offspring in the current study was greatest when they had an
older mother and a younger father, and that this trait is predictive of offspring recruitment
into the breeding population, we might expect selection to favor disassortative mating with
respect to age (e.g., to enhance allelic diversity among offspring, sensvBonneaud et al.
2006; Ortego et al. 2009), consistent with previous findings that offspring fitness may be
greatest with diversity in parental age (Drummond and Rodriguez 2015). This was not the
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case, however, as breeding pairs tended to contain members that were more similar to each
other in age than expected under random sampling.

It is important to note that a number of processes can lead individuals to mate assortatively,
such that assortative mating occurs incidentally (Jiang et al. 2013). In birds such as our study
species, there are at least two main mechanisms that could generate “apparent” assortment
(sensu Arngvist et al. ‘96) with respect to age. First, interannual mate fidelity could lead to a
correlation in age between breeding pairs, even if between-pair differences in age
combinations have no effect on parents’ inclusive fitness. However, this could not have
generated the patterns we observed in the current study because mate fidelity across seasons
is very low (see Methods). Second, assortment with respect to age may arise incidentally if
older females and males tend to breed earlier than younger females and males, even if
mating is random with respect to age. This may be common in territorial and migratory
species, but it could not explain the patterns observed in the current study. The age-
assortative mating we document here occurs across the entire range of time in the breeding
season during which clutches of eggs are produced (typically ca. 3 months; Bowers et al.
2016), a span over which young and old birds breed in sympatry. Thus, our data indicate that
pairs of similar age form irrespective of when mating occurs.

Expectations about the selective pressures favoring assortative mating have traditionally
been based on assumptions about stabilizing and disruptive selection (Jiang et al. 2013),
whereby stabilizing selection favors negative assortative mating and disruptive selection
favors positive assortative mating. If, however, classical notions that disruptive and
stabilizing selection drive assortative mating are unlikely to be generally applicable (Jiang et
al. 2013), then the processes favoring assortative mating deserve further empirical attention,
particularly with respect to the consequences of assortment for parents’ inclusive fitness in a
natural setting.

In conclusion, we detected interactive effects of parental age on offspring phenotype and
fitness. Our results suggest that selection favors age-assortative mating, albeit perhaps in
different ways depending on how parental ages affect offspring. In our short-lived study
species, we posit that selection for combinations of parental ages that produce
reproductively active adults likely trumps any selection for combinations of parental age that
maximizes offspring immune activity. Future work will shed light on the processes
generating and maintaining variation within and among taxa in the strength of assortative
mating and its consequences for sexual selection and mating systems.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 2.
Effects of maternal and paternal age on offspring. Plotted are effects of parental age on ()

cutaneous immune responsiveness to PHA, (b) the probability of recruiting as a breeding
adult, (c) longevity, and (d) lifetime reproductive success of offspring in the local
population. Plotted are predicted values fitted by the interaction between maternal and
paternal ages, with ages 3+ representing individuals three years of age and older.
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Fig. 3.
Correlation between maternal and paternal ages. Plotted are the ages of parents at (a) nests

that produced offspring in the current study (e.g., for which we measured immune
responsiveness), and (b) nesting pairs in which both birds were produced on the study area
from 1980-2014 and whose exact age was known. Points are jittered, and sample sizes are
given below each parental age combination.
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Table 1
Effects on clutch size and fledging success.
Estimate + SE F df P
(a) Clutch size
Maternal age 0.044 +0.033 181 11,4624 0.180
Paternal age -0.029 + 0.031 0.85 1,534.2 0.356
Territory quality -0.063 + 0.032 396 11,5175 0.047
Breeding date -0.598 £0.030 40350 1,2429 <0.001
Maternal x Paternal age 0.061 +0.030 407 11,5117 0.044
Intercept -0.128 + 0.059
(b) Fledging success
Maternal age 0.014 + 0.036 0.14 11,3925 0.706
Paternal age —-0.052 £ 0.036 217 11,5230 0.141
Territory quality -0.034 + 0.037 0.85 1,501.9 0.358
Breeding date -0.086 + 0.046 3.45 1,386.5 0.064
Clutch size 0.608 +0.050 150.40 1,526.8 <0.001
Maternal x Paternal age 0.041 +0.035 138 1,527.2 0.241

Intercept

-0.091 + 0.059
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Effects on offspring cutaneous immune activity and body mass.

Table 2

(&) Immune activity

Maternal age
Paternal age

Territory quality

Nestling body mass

Breeding date

Maternal x Paternal age  —0.089 + 0.030

Intercept

(b) Body mass
Maternal age
Paternal age
Territory quality
Breeding date

Estimate + SE F df P
0.085 +0.030 7.92 1,329 0.005
-0.057 £ 0.031 3.31 1,387 0.070
0.026 + 0.032 0.64 1,541 0.423
0.079+0.018 1890 11,2822 <0.001
0.041 +0.033 1.50 1,439 0.221
8.68 1, 506 0.003

0.002 +0.161
0.052 +0.028 3.34 1,501 0.068
-0.024 £ 0.028 0.75 1, 407 0.386
0.027 +0.028 0.92 1,702 0.338
-0.210 £0.027 60.50 1,509 <0.001
2.06 1, 687 0.151

Maternal x Paternal age 0.040 + 0.028

Intercept

0.009 + 0.095
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Effects on recruitment, longevity, and lifetime reproductive success.

Table 3

(a) Recruitment
Maternal age
Paternal age

Territory quality

Nestling body mass

Breeding date

Maternal x Paternal age 0.209 + 0.076

Intercept

(b) Longevity
Maternal age
Paternal age

Territory quality

Nestling body mass

Breeding date

Maternal x Paternal age 0.041 £+ 0.016

Intercept

(c) Reproductive success

Maternal age
Paternal age

Territory quality

Nestling body mass

Breeding date

Estimate + SE F df P
0.021 + 0.089 0.06 1,3840 0.810
0.010 + 0.092 0.01 1,3840 0.914

-0.155 + 0.092 285 11,2859 0.092
0.074 £ 0.095 061 1,871.1 0.436

-0.570+0.110 26.90 1,532.1 <0.001

756 11,3840 0.006

-3.455 +0.113
0.010 + 0.016 0.43 1,3813 0.512
0.015 +0.016 082 11,3781 0.366

-0.024 £ 0.016 223 11,2629 0.135
0.009 + 0.016 031 1,1527 0.579

-0.076 £0.016 22.90 1,330.4 <0.001

6.43 1,3836 0.011

-0.009 + 0.020
0.033 +0.034 0.98 1, 755 0.323

-0.005 + 0.035 0.02 1,847 0.896

-0.014 £ 0.035 0.15 1,792 0.697
0.045 + 0.035 1.73  1,1399 0.189

-0.139+£0.034 16.20 1,302 <0.001

5.73 1,750 0.017

Maternal x Paternal age 0.083 + 0.035

Intercept

0.325 £ 0.044
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