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Abstract

Females in a variety of taxa adjust offspring sex ratios to prevailing ecological conditions.
However, little is known about whether conditions experienced during a female’s early ontogeny
influence the sex ratio of her offspring. We tested for past and present ecological predictors of
offspring sex ratios among known-age females that were produced as offspring and bred as adults
in a population of house wrens. The body condition of offspring that a female produced and the
proportion of her offspring that were male were negatively correlated with the size of the brood in
which she herself was reared. The proportion of sons within broods was negatively correlated with
maternal hatching date, and varied positively with the quality of a female’s current breeding
territory as predicted. However, females producing relatively more sons than daughters were less
likely to return to breed in the population the following year. Although correlative, our results
suggest that the rearing environment can have enduring effects on later maternal investment and
sex allocation. Moreover, the overproduction of sons relative to daughters may increase costs to a
female’s residual reproductive value, constraining the extent to which sons might be produced in
high-quality breeding conditions. Sex allocation in birds remains a contentious subject, largely
because effects on offspring sex ratios are small. Our results suggest that offspring sex ratios are
shaped by various processes and trade-offs that act throughout the female life history and
ultimately reduce the extent of sex-ratio adjustment relative to classic theoretical predictions.
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Introduction

Although sons and daughters have, on average, equal reproductive value at birth, the
production of either sex can affect parental fitness differently depending on a number of

ecological conditions (Fisher 1930; West 2009). In a variety of taxa, for example, the quality
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of the rearing environment can have sex-specific effects on the reproductive success of adult
offspring (Clutton-Brock et al. 1984; Bowers et al. 2015), generate differential costs of
reproduction for parents if one sex is more costly to rear (Cockburn et al. 2002; Rutkowska
et al. 2011), or, if the sexes differ in philopatry, generate local resource competition among
kin (Komdeur 2012). Thus, when an interaction between ecological conditions and the
offspring sex ratio affect parental fitness, selection should favor the parental ability to adjust
the sex of offspring (Trivers and Willard 1973).

An important assumption underlying a major component of sex-allocation theory is that, for
selection to favor facultative sex allocation, variation in rearing conditions should affect the
reproductive success of sons and daughters differently (Trivers and Willard 1973; see also
Hewison and Gaillard 1999; West 2009). In many species, the reproductive success of males
is more variable and more strongly affected by variation in body condition than that of
females. Thus, when the rearing environment affects body condition and adult reproductive
success sex-specifically, females investing heavily in offspring are predicted to overproduce
sons because these sons will enjoy increased reproductive success as adults; however,
mothers unable to invest as heavily in offspring should overproduce daughters because
daughters will have higher reproductive success than sons that are reared under poor-quality
conditions (Trivers and Willard 1973; Badyaev et al. 2002, 2006; Krist 2006). Alternatively,
mothers on resource-poor territories may overproduce daughters, not to enhance the future
reproductive success of their offspring, but simply to maximize the number of offspring that
survive or to ameliorate the costs of reproduction if sons require more resources than
daughters (Myers 1978; see also Cockburn et al. 2002).

In a population of house wrens, we recently found that the quality of the rearing
environment and sibling rivalry have sex-specific effects on offspring reproductive value,
with the growth and body condition of male and female nestlings affected differently by the
within-brood competitive hierarchy established by the asynchronous hatching of eggs
(Bowers et al. 2011). Although male and female offspring hatch from similarly sized eggs
and are similar in size shortly after hatching (Bowers et al. 2011, 2014a), males that are days
younger than their older siblings (caused by asynchronous hatching) grow more slowly and
obtain lower asymptotic body mass than their sisters of a similar age (Bowers et al. 2011).
We also found a similar result using two cross-fostering experiments, one in which we
manipulated a nestling’s age-related competitive ability relative to nestmates (as occurs
when hatching of eggs is asynchronous), and another in which nestling age was held
constant while brood size and per-capita food availability for nestlings was manipulated
(Bowers et al. 2015). In each of these studies, phenotypic traits did not differ between male
and female nestlings, on average. However, males reared under high-quality conditions and
increased levels of parental care were heavier, and those reared under low-quality conditions
lighter, than females reared under similar conditions. Heavier males reared under high-
quality conditions also had higher reproductive success as adults than lighter males reared
under adverse conditions, and their reproductive success was positively associated with their
body condition prior to independence; however, daughters were less strongly affected by the
quality of the rearing environment, and their reproductive success was not associated with
their condition prior to independence (Bowers et al. 2015, 2016). As predicted by the
generalized Trivers-Willard Model, we also found that females investing more into offspring
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overproduced sons relative to those investing less (Bowers et al. 2015; see also Whittingham
et al. 2002 for a similar result in another house wren population).

Nearly all current sex-allocation models describe sex-ratio variation in relation to either the
ecological conditions in which parents find themselves or the environment their offspring are
likely to experience in the future (Schwanz and Robert 2014). However, little attention has
been paid to the question of whether conditions experienced during a parent’s own ontogeny
influence the sex ratio of its progeny (but see Helle et al. 2012; Warner et al. 2013), despite
the fact that such carry-over effects can often generate substantial variation in parental
investment and fitness, and are likely to be far more widespread than previously thought
(Gustafsson and Sutherland 1988; Auer et al. 2010; Bouwhuis et al. 2010; Uller and Olsson
2010; Harrison et al. 2011; Wong and Kolliker 2014). In the context of the Trivers-Willard
Model, if variation in natal environmental conditions experienced by females, including
resource availability and sibling rivalry, affects their ability to invest in offspring as adults,
then the early rearing environment may represent an important source of variation in
offspring sex ratios.

In this study, we tested whether past and current ecological conditions experienced by
locally recruited females influence the condition and sex ratio of their offspring in a wild
population of house wrens. We followed cohorts of known-age females that were produced
as offspring in the study population to determine whether carry-over effects from a female’s
early ontogeny are associated with the condition of the offspring she produces as an adult
(e.g., Naguib and Gil 2005; Naguib et al. 2006). We predicted that, if this is the case, then
these conditions would also predict the offspring sex ratio. We predicted that females that
were heavier-than-average and those reared in smaller broods as nestlings (nestlings in
smaller broods benefit from increased per-capita food availability; Bowers et al. 2014b)
would produce heavier offspring and a male-biased sex ratio as adults. In addition, we tested
whether a female’s current breeding conditions also influence offspring condition and sex
ratios by obtaining an objective proxy of territory quality (the number of offspring
successfully fledged from a nestbox over the ten years prior to this study; see Methods). If
this measure of territory quality is indicative of local resource availability or male
attractiveness, or a combination of both, then females breeding on high-quality territories
should rear offspring in better condition than those on poorer-quality territories. We also
predicted that the relative production of sons within broods would be positively associated
with the quality of a female’s current territory. Finally, because producing sons and
daughters may result in differential costs of reproduction to females, we tested whether the
proportion of males within broods predicted a female’s probability of returning to breed in
the population in subsequent years.

Materials and Methods

Study Site and Species

We studied a population of house wrens breeding in north-central llinois, USA (40.665°N,
88.89°W) where there are a total of 820 nestboxes available on two forested study areas
surrounded by agricultural fields. The subset of available nestboxes used in the present study
(V= 258) has been in place since the 1982 breeding season in a nature preserve that has
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been subject to minimal human disturbance. Nestboxes are spaced 30 m apart along north-
south-oriented transects separated by 60 m (5.4 nestboxes/ha; see Figure 1 in DeMory et al.
2010); details of nestbox design can be found in Lambrechts et al. (2010).

House wrens are small (10-12 g), insectivorous songbirds distributed widely across North
and South America (Johnson 2014). Males arrive on the study area from spring migration in
late April and select and defend nestboxes in which they begin nest construction. Females
then select a mate, choosing among possible mates based partly on the quality of the nesting
site and the number of available nesting sites they are able to secure and defend from rival
males (Johnson and Searcy 1993; Eckerle and Thompson 2006; DeMory et al. 2010). Upon
pairing, females complete nest construction and lay a clutch of 4-8 eggs. A nesting cycle
spans approximately five weeks, and 50-70% of the females that complete a successful
nesting attempt early in the breeding season attempt a second brood on the study area (Finke
et al. 1987; Dobbs et al. 2006), with egg-laying for the second brood beginning in late June
and early July. Only females incubate eggs and brood young, but both parents provision the
young from hatching, and the length of the nestling period is typically 15-17 days (Bowers
et al. 2013a, 2014b). Male and female offspring returning to the study area do not differ
statistically in natal dispersal distances (median distances: males = 608 m, females = 647 m;
Drilling and Thompson 1988), as measured by the distance between the nestbox in which
they hatched and the nestbox in which they first bred.

General Procedures

In all years, we checked nestboxes at least twice weekly from May—August to check for
female settlement and clutch initiation. Once females finished laying eggs and commenced
incubation, we captured the females and males during incubation or early in the nestling-
rearing period by either capturing them inside nestboxes or using mist nets near the box.
Upon their capture, 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 aluminum leg band; males
received three additional colored leg bands so they could be identified with binoculars
(males are more difficult to capture than females). We visited nests daily when hatching was
expected and, 11 days after hatching began, we banded the nestlings, weighed them, and
measured their tarsus. Nestling body mass and tarsus length generally reach asymptotic
levels by this age, and mass at this age positively predicts recruitment into the breeding
population (Bowers et al. 2014c). We also drew a blood sample at this time for molecular
sexing (details in Bowers et al. 2011). Although waiting to sample blood until this age
introduces the possibility of pre-sampling nestling mortality, we have found no evidence of
sex-biased mortality in our study population (Bowers et al. 2015). Nonetheless, we cannot
rule out the possibility that sex-biased mortality contributed to the observed sex-ratio
variation in the current study. Over the course of this study, we also conducted a number of
experimental manipulations to broods (e.g., brood-size manipulations and experimental
increases in clutch size), but none of the females in our sample were subjected to such
manipulations. Recruitment is low (ca. 2-5%) in house wren populations (e.g., Kendeigh
1941; Poirier et al. 2004; Bowers et al. 2015). Over the course of five breeding seasons
(2009-2013), we obtained sex-ratio data for 57 broods (318 nestlings) produced by 37
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different females that had been reared on the study area and recruited to breed as adults in
subsequent years (average age: 1.6 yr; maximum age: 5 yr).

House wren males are highly territorial and compete vigorously over breeding territories
(Johnson and Kermott 1990). Heavier, larger, and more attractive males typically out-
compete other males for breeding territories and mates and have increased reproductive
success (DeMory et al. 2010; Bowers et al. 2015); competition among males over highly
limiting breeding sites is intense, and can occasionally result in one male killing another
(Belles-Isles and Picman 1987). Indeed, female mate decisions are often based more
strongly on aspects of a male’s territory than they are on a male’s morphology (Eckerle and
Thompson 2006). Therefore, we tested for an effect of territory quality on offspring
condition and sex ratios, using a proxy of territory quality quantified as the number of
offspring successfully fledged from a nestbox over the ten years preceding this study (Fig 1).
Although approximately 20-30% of females and 25%-45% of males breeding in one year
return to breed the next year (Johnson 2014), in no case did a bird in the current study
contribute to an estimate of the quality of its breeding territory. Therefore, these estimates of
territory quality are independent of the reproductive success of focal birds in the current
study, as there is a high rate of turnover among the birds that use these territories. For
example, the focal females and their mates in the current study (37 different females and 29
different males that we identified) produced a total of 168 nesting attempts on the study area
in their lifetimes. Of these, six different birds each reused the same territory across different
years; five birds (three females and two males) each reused the same territory once across
different years, and one bird, a male, reused each of three different territories across different
years. Therefore, 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 (Fig 1; see also
Janiszewski et al. 2013).

Data and Analyses

We used SAS (version 9.3) for all analyses, all tests are two-tailed, and we converted data to
z-scores prior to analysis to obtain standardized parameter estimates (Schielzeth 2010). We
also used Satterthwaite’s degrees-of-freedom approximation, which can result in non-integer
denominator degrees of freedom. We accounted statistically for the non-independence of
multiple broods produced by individual females by including female identity and year as
random effects in analyses of offspring body condition, sex ratios, and maternal return rates
(see below).

We first tested for effects on the body condition (i.e., size-adjusted body mass) of offspring
using a linear mixed model that included clutch (i.e., a female’s first or second clutch of the
season) as a within-female effect. Analyzing the condition of individual nestlings, with nest
as a random effect, resulted in some independent variables (offspring tarsus length and brood
size) having denominator degrees of freedom that were greater than the number of broods
from which we collected data. Thus, we analyzed nestling condition as brood means,
although results are qualitatively similar if the condition of individual nestlings is analyzed
with nest as a random effect (data not shown). We included main effects of a female’s natal
brood size, her pre-fledging body mass, and the day of the year on which hatching began
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(hatching date) in her natal nest; we also included a female’s current age, body mass, brood
size, and territory quality, and we included nestling tarsus length as a covariate to obtain
results for body mass that control for skeletal size. Analyzing nestling body condition using
the scaled mass index (Peig and Green 2009) or using residuals from a log(mass) x
log(tarsus) linear regression yields similar results (data not shown). For some of the focal
females in this study (15), we lacked data on their tarsus length as nestlings prior to
fledging; for this reason, we used raw values of body mass for maternal females when they
were nestlings. However, we were not missing any data on tarsus length for the nestlings
produced by the focal females. There was a correlation between a female’s natal brood size
and hatching date in her natal nest (35 = —0.39, £=0.016), which is a common pattern, but
a correlation of this magnitude should not result in variance inflation attributable to
collinearity among independent variables. There were no other correlations among
independent variables (all 2> 0.05). Following this, we analyzed variation in brood sex
ratios using the number of male offspring in a nest as the dependent variable and the number
of sexed offspring as the binomial denominator using a generalized linear mixed model with
a binomial distribution (PROC GLIMMIX in SAS). We included the same main effects as
for the analysis of nestling condition, with the exception of tarsus length. Finally, we used a
GLMM with a binary response to test whether the proportion of males within broods
predicted a female’s probability of returning to the population to breed in subsequent years
while controlling for variation in brood size, maternal body condition and age, and territory
quality.

We calculated effect sizes + 95 % confidence intervals for the independent variables in our
analyses (Nakagawa and Cuthill 2007). To do this, we used /~statistics from the analyses

above to calculate correlation coefficients as " — [F/(F+DDF)], where DDF represents

the error degrees of freedom from an A~test (Rosenthal 1994), and we calculated confidence
limits using z-transformation (Sokal and Rohlf 1995). Typically, values of 0.1, 0.3, and 0.5
are considered to represent small, medium, and large effects, respectively.

While controlling for variation in territory quality and seasonal variation (day of the year),
there was a significant correlation between female body mass as a nestling and her condition
as an adult (estimate + SE = 0.260 + 0.118, A 3, = 4.84, P=0.035; effect of territory
quality: estimate + SE = 0.164 + 0.104, £ 396 = 2.50, P=0.122; day of the year: estimate +
SE =-0.231 £ 0.089, £ 336 = 6.71, P=0.014). The natal conditions that a female
experienced were associated with variation in the body condition of offspring she later
produced as an adult (Table 1A; Fig 2). The condition of offspring that a female produced
was positively correlated with her body mass as a nestling, and negatively correlated with
the size of the brood in which she was reared (Table 1A; Fig 3A,B). The body mass of
offspring that a female produced as an adult was also positively associated with her current,
adult body mass (Fig 3C) and with the quality of her current breeding territory (Table 1A,
Fig 3D).
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Consistent with the effects on offspring body mass, we also detected a correlation between
the natal conditions in which females were reared and the sex ratios that they produced as
adults (Table 1B; Fig 2). Females that were reared in larger-than-average broods and
produced later within breeding seasons overproduced daughters relative to those that were
reared in smaller broods and produced earlier within seasons (Fig 4A,B). The proportion of
offspring that were male also increased with the quality of a female’s current breeding
territory (Table 1B; Figs 2, 4C). While controlling for variation in brood size, maternal body
condition and age, and territory quality, increases in the proportion of males within broods
were negatively associated with a female’s probability of returning to breed in the study
population the following year (Table 1C; Fig. 5).

Discussion

Our results suggest persistent effects of natal conditions on important components of a
female’s life history, including the body condition and sex ratio of offspring produced as an
adult. The condition and sex ratio of offspring were also associated with the quality of a
female’s current breeding territory. Territory quality and resource abundance during
development can affect life-history trajectories in a variety of taxa (Haywood and Perrins
1992; Lindstrom 1999; Millon et al. 2011; Douhard et al. 2013; Zedrosser et al. 2013; but
see also Drummond and Ancona 2015). For example, in great tits (Parus major), the long-
term survival and reproductive success of neonates are negatively correlated with the altitude
and positively correlated with the size of the territories on which they are reared, and to a
greater extent for male than for female offspring (Wilkin and Sheldon 2009). Consistent with
these sex-biased patterns of selection, offspring sex ratios often vary with local conditions in
association with the fitness returns these offspring are expected to provide (Dijkstra et al.
1990; Pen et al. 1999; Cordero et al. 2001; Romano et al. 2012; Bowers et al. 2013b, 2015;
Gaukler et al. 2016). We recently found that the quality of the rearing environment and the
body mass of offspring prior to independence has sex-specific effects on their reproductive
success as adults: large sons produced more fledglings as adults than smaller sons, and the
reproductive success of daughters was not affected by their body mass prior to independence
(Bowers et al. 2015). We also found that females investing heavily into reproduction
overproduce sons relative to those investing less, as measured by the number of broods they
produce within seasons (Bowers et al. 2015). Thus, the effect of current territory quality on
offspring sex ratios detected in the current study is consistent with the prediction that
mothers with a reduced ability to invest in offspring should overproduce daughters, the sex
that is more strongly limiting to population growth, and those able to invest highly in
offspring, or those breeding on high-quality territories, should overproduce sons.

We also found increasing brood sizes to be associated with an increased probability that a
female would return to breed in the study population in the future, an apparently paradoxical
result if increased reproductive effort imposes costs to a female’s long-term survival and
future reproduction (Williams 1966; Gustafsson and Sutherland 1988; Hodges et al. 2015).
However, a number of hypotheses may explain this result, even if reproduction is generally
costly. For example, interannual return rates to local populations in wild birds are a function
of both survival and site fidelity, and in a number of species are positively affected by
breeding success the previous year (e.g., Drilling and Thompson 1988; Part and Gustafsson
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1989; Bensch and Hasselquist 1991; Hoover 2003). Alternatively, females producing a
greater-than-average number of young may be breeding on high-quality territories that
contain abundant resources for reproduction, or these females may simply be of greater
individual quality (sensu Wilson and Nussey 2010) than those producing fewer young,
thereby reducing the extent to which these females incur reproductive costs associated with
rearing large broods. Each of these patterns (increased site fidelity or resource availability
mitigating the cost of reproduction) could generate a positive relationship between
reproductive success within a season and a female’s probability of returning the following
year, but it important to note that neither of them precludes the existence of a survival cost of
reproduction that accrues over an individual’s life.

It must be acknowledged that our sample size is small and that the results here are
correlative, making the patterns observed subject to potential confounds. For example, in our
study population, there is statistically significant, heritable genetic variation contributing to
nestling body condition (/2 = 0.135; Sakaluk et al. 2014), which may partially explain the
correlations between a female’s mass and that of her offspring; however, the low narrow-
sense heritability suggests that additive genetic variation likely does not account for a large
component of the effects on offspring condition that we have detected here, particularly
considering the magnitude of the effects we detected (Fig 2).

Although we have found offspring sex ratios in our study population to vary according to
predictions of the Trivers-Willard Model, this does not preclude other selective forces from
acting on maternal sex-allocation strategies. For example, increases in the proportion of sons
within broods in the current study was associated with a reduced probability that a female
would return to breed in the population in subsequent years, suggesting a cost associated
with overproducing sons for females of any given age and number of offspring produced.
Particularly if sons require a greater share of parental resources than their sisters to become
successful breeders, then mothers may adjust offspring sex ratios to ameliorate the cost of
reproduction for themselves or simply to enhance the total number of surviving offspring
regardless of their sex. Known as the cost-of-reproduction hypothesis (Cockburn et al. 2002;
see also Myers 1978; Merkling et al. 2015), this idea could be tested by cross-fostering
offspring among nests, thereby forcing females to rear sex ratios other than those they
produced. Additionally, female house wrens are known to choose their mates based, in part,
on the quality of the breeding territory, particularly the number of nest cavities that males are
able to secure and defend from rivals (Johnson and Searcy 1993; Eckerle and Thompson
2006). Thus, the increased body mass and excess production of sons on high-quality
territories may be a product of (i) the current breeding territory having a direct effect on food
availability for offspring, or (ii) differential allocation by females in relation to male
attractiveness. We suspect that the latter scenario is unlikely, as recent experiments in our
study population that have manipulated male attractiveness have found no effect on pre- and
post-natal allocation by females (DeMory et al. 2010; Grana et al. 2012), suggesting that
females do not differentially allocate offspring on the basis of male attractiveness.
Nonetheless, separating territory quality from male attractiveness and intrasexual
competitive ability experimentally could shed light on the factors contributing to the effect
of territory quality on offspring condition and sex ratios.
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The effects of natal conditions on progeny sex ratios that we observed in the current study, in
addition to the reduced interannual return rate of mothers producing male-biased broods,
may help explain, in part, why sex ratios in birds and mammals often do not conform to
classic expectations. Although females in a variety of taxa have been shown to adjust
offspring sex ratios according to various environmental conditions (Cockburn et al. 2002;
West and Sheldon 2002; West 2009), effect sizes in sex-ratio analyses and sex-ratio variation
among nests are often smaller than expected if females have facultative control over sex
determination (Williams 1979; Harmsen and Cooke 1983; Postma et al. 2011). Thus,
uncertainty and disagreement has arisen regarding whether mothers can possibly exert any
kind of influence on sex-ratio variation. For example, Williams (1979) concluded that “sex
seems to be just another Mendelian unit character” based solely on a lack of pronounced
sex-ratio variation (see also Harmsen and Cooke 1983); however, such a result does not
demonstrate that females are unable to adjust offspring sex ratios either within or among
broods. Mendelian sex determination is not thought to impose a major constraint on avian
sex allocation (West and Sheldon 2002), but other forms of constraint may reduce the extent
of sex-ratio variation even under conditions of non-random sex-chromosome segregation
(Leimar 1996; Uller 2006; Bowers et al. 2015, 2016). Here, we found that increases in the
proportion of sons within broods is associated with a reduced probability that a female will
return to breed in the study population in subsequent years. Thus, although selection may
favor an increased production of sons on high-quality territories (sensu Trivers and Willard
1973), if these sons are more sensitive than daughters and require an increased share of
parental resources to become successful breeders (e.g., Bowers et al. 2015), then producing
sons may impose greater costs to a female’s future reproduction than producing daughters
(see also Myers 1978; Cockburn et al. 2002; Merkling et al. 2015), ultimately reducing the
extent to which sons are produced within broods. A question that arises, then, is under what
conditions should sons be over-produced, despite the apparent costs associated with
overproducing sons? Although empirical work to date has provided insights into the
evolution of sex-allocation strategies, the complex life histories of many organisms,
including iteroparous species in which individuals produce different numbers of offspring at
any given time and for which multiple processes shape between-individual differences in
return rates, means that multiple selective forces are likely to interact in shaping an
individual’s optimal offspring sex ratio at any point in time and space (Cockburn et al.
2002). Thus, greater integration of classical ideas (e.g., the Trivers-Willard Model) with the
complex life-cycles of our study organisms (e.g., Wild and West 2007), may shed light on
the selective forces shaping sex-ratio variation in the wild.
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Fig 1.

Variation in territory quality, quantified as the total number of fledglings produced at a given
nesting site over the ten years prior to this study (open bars). Open bars depict variation in
the relative success of birds breeding at available territories (A= 258 nesting sites) in
previous years, and filled bars represent the frequency with which these nesting sites were
occupied by birds in the present study (A= 57). The average number of total fledglings
produced by a territory over the ten years prior to this study was 19.2 + 0.9 (mean + SE);
thus, low-quality territories were under-occupied and high-quality territories were over-

occupied ( y3=5.92, P=10.015)
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Effect sizes (correlation coefficients, /) + 95 % confidence limits for independent variables
in our analyses of nestling body condition and sex ratio. Effects are plotted to depict the
relationship between the independent and dependent variables (e.g., an increase in current
territory quality is associated with an increase in the condition of offspring and the
proportion of offspring that are male, whereas an increase in natal brood size is associated
with a reduction in the condition of offspring and proportion of males produced in the
future). The effect of a female’s current body condition represents an effect of her current

body mass as an adult with her tarsus length as a covariate
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Variation in nestling body mass (brood means) in relation to female (A) body mass and (B)
brood size as nestlings, and in relation to females’ current (C) body mass and (D) territory
quality as breeding adults. In (C), female body mass is depicted for graphing purposes only;
female body condition as an adult was included as the independent variable in this analysis,
but her body mass as a nestling (B) was used in analyses as our morphological data for
females at that age were incomplete. Values on x-axes are z-scores
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Fig 4.

Variation in offspring sex ratio (proportion male) in relation to (A) brood size and (B)
hatching date as nestlings, and (C) the quality of a female’s breeding territory. Values on x-
axes are z-scores
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Fig 5.

Tr?e probability that a given female would return to breed in the local population in
subsequent years in relation to the brood sex ratio. Curves represent predictions from a
generalized linear mixed model + 95 % confidence limits. Points represent individual
females (point size is proportional to the number of overlapping values)
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Table 1

Effects on offspring condition and sex ratio. Significant effects in bold type
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(a) Effects of maternal experiences on offspring body mass

Natal body mass?
Natal brood size?

Natal hatch date?
Female age

Current body mass
Current tarsus length

Current territory qualityb

Current brood size
Nestling tarsus length

Intercept

(b) Effects of maternal experiences on the brood sex ratfo (proportion of offspring that were male)

Natal body mass?
Natal brood size?

Natal hatch date?
Female age

Current body mass
Current tarsus length
Current territory qualityb
Current brood size

Intercept

(c) Effects on maternal probability of returning in subsequent years

Brood sex ratio (prop. male)
Current brood size

Current body mass

Current tarsus length

Female age

Current territory qualityb

Intercept

Estimate =+ SE F d.f. P
0.327+£0.140 548 1,356 0.025
-0.321+0.151 452 1,354 0.041
0.063+0.145 019 1,366 0.665
-0.020+£0.098 0.04 1,36.1 0.840
0.363+0.171 449 1,36.7 0.041
0.079+0.136  0.34 1,327 0.563
0.246+0.114 466 1,341 0.038
0.272+0.133 418 1,36.2 0.048
0.426+0.137 9.71 1,37.0 0.004
0.058 + 0.156

-0.243+0.166 215 1,358 0.152
-0431+0.203 449 1,368 0.041
-0.487+0.202 581 1,380 0.021
0190+0.117 265 1,369 0.112
0.311+0.189 272 1,347 0.108
-0.091+0.185 0.24 1,375 0.627
0.365+0.136 7.16 1,340 0.011
0.284+0.182 244 1,375 0.126
-0.155 + 0.269

-1.472+0.674 476 1,39.6 0.035
1.461+0.585 6.23 1,400 0.017
0.889+0.712 156 1,40.0 0.219
0.332+0.547 037 1,925 0.558
-0.126 £0.349 0.13 1,155 0.723
0.323+0.458 050 1,343 0485
-1.207 £ 0.559

a . .
prior to fledgling from a female’s natal nest;

bthe number of fledglings produced at a given nest site during the ten years leading up to this study
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