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Surplus nest boxes and the potential
for polygyny affect clutch size and offspring

sex ratio in house wrens
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Females of many species can gain benefits from being choosy about their mates and even exhibit context-
dependent investment in reproduction in response to the quality of their breeding situation. Here, we show
that if a male house wren is provided with surplus nest boxes in his territory, his mate lays a larger clutch
with a significantly higher proportion of sons. This response to a territory characteristic directly associated
with male competitive ability, and ultimately to male reproductive success, suggests that male competition
over access to high-quality territories with surplus nest boxes (i.e. those able to support polygyny) may
influence female reproductive investment decisions. The results of this study have interesting implications,
particularly considering the important role that studies of cavity nesting birds utilizing nest boxes have
played in advancing our understanding of behaviour, ecology and evolution.
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1. INTRODUCTION

The great statistician and population geneticist R. A.
Fisher famously took up a challenge from Darwin and
used informal game theoretic ideas to develop the logic for
why a population’s sex ratio should be near 50 : 50 (Fisher
1930). Fisher’s principle of equal allocation postulated
that, when the costs of producing males and females were
equal, frequency-dependent selection would provide
greater fitness benefits to individuals producing the
minority sex, thus favouring equal allocation to the
production of sons and daughters (Fisher 1930). In
modern game-theoretic terms, Fisher’s principle predicts
a population level evolutionarily stable strategy of a 50 : 50
sex ratio. A universal strategy of equal investment in the
sexes by all parents is one way to achieve this equilibrium.
Fisher’s principle of equal allocation at the population
level did not explicitly consider the possibility of a mixed
strategy, with adaptive differences in investment in the
sexes by different parents within a population. Modern
evolutionary theory predicts adaptive deviations from
equal parental investment in the two sexes of offspring,
both within and between populations, when the fitness
returns of sons and daughters differ (Hamilton 1967;
Trivers & Willard 1973; Williams 1979; Bull & Charnov
1988; Wade et al. 2003). There is a growing empirical
literature documenting adaptive adjustments to the off-
spring sex ratio by individuals within populations in
various taxa, especially birds (Appleby et al. 1997;
Komdeur et al. 1997; Badyaev er al. 2002), but also
mammals (Sheldon & West 2004; Kriiger ez al. 2005),
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possibly including humans (Catalano 2003; Grant & Yang
2003).

The most influential theory for adaptive offspring sex
ratios within a population (e.g. brood sex ratios) is the
Trivers—Willard hypothesis that natural selection can
favour systematic individual deviations from equal par-
ental investment in the two sexes under certain well-
defined conditions that should cancel out, on average, over
the local breeding population (Trivers & Willard 1973).
Trivers & Willard argued that selection would favour a
conditional strategy of sex ratio allocation when the
opportunity costs of investing in sons and daughters
varied with parental condition. They framed their
hypothesis in terms of polygynous species, where males
have higher variance in reproductive success than females,
but the reverse pattern should and apparently does hold
when the marginal benefits of investing in daughters are
higher (Andersson et al. 2003).

In terms of an individual’s offspring sex ratio, deviations
from parity should be adaptive in any situation in which
parents can increase inclusive fitness by biasing offspring
sex ratios (reviewed in Cockburn ez al. 2002), for instance
when more attractive fathers tend to produce sexier or
healthier sons. Fisher focused on differential costs of
offspring production (the cost of reproduction hypothesis:
Myers 1978) and Trivers—Willard focused on differential
benefits. Alternative adaptive hypotheses exist, e.g. in cases
of sex-specific natal philopatry, females may adjust sex
ratio in response to future costs of competition or benefits
of helpers (local resource competition, Clark 1978; local
resource enhancement, Emlen ez al. 1986). Among birds,
females appear to have remarkable control over charac-
teristics of their offspring, adapting the sex ratio as well as
clutch size to their own condition (Pietiainen & Kolunen
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1993; Nager er al. 1999), to the quality or attractiveness of
their mate (Petrie & Williams 1993; Ellegren et al. 1996;
Svensson & Nillson 1996; Sheldon er al. 1999), his
courtship displays (Polo er al. 2004) or territory (Komdeur
et al. 1997) and to differences in environmental conditions
(Badyaev et al. 2002; Suorsa er al. 2003).

House wrens (Troglodytes aedon) are small (10-12 g),
migratory, secondary cavity nesters ( Johnson 1998). Male
house wrens arrive at our study site (Barry County,
Michigan, USA) in late April. Males begin singing and
placing sticks in available cavities shortly after arrival. The
first females arrive several days later. After pairing, males
may continue singing to advertise for secondary mates
(Johnson & Kermott 1991) and supplying males with
surplus nest sites may increase the frequency of polygyny
(Johnson & Kermott 1991). Acquiring additional social
mates, either through polygyny or sequential monogamy,
increases male reproductive success (Poirier er al. 2004;
Whittingham & Dunn 2005). As a result, competition
among males for access to territories containing multiple
nest sites should lead to a correlation between cavity
availability in a male’s territory and male quality or
attractiveness. Thus, cavity availability might be a signal
used by females to assess mate quality. Females are
expected to bias offspring sex ratios towards the sex with
the higher inclusive fitness returns. Should components of
male quality be heritable and affect the fitness of sons more
than daughters, then females paired to higher quality
mates would be expected to bias offspring sex ratios
towards males.

2. MATERIAL AND METHODS

(a) Experimental manipulation

We conducted this study at the Lux Arbor Reserve, Kellogg
Biological Station (42°29’ N, 85°28' W). Lux Arbor Reserve
is a 529 ha site consisting of fragmented habitats including
hardwood and softwood forests, open fields, wetlands and
agricultural areas. In early April of each year, before house
wrens had returned to the breeding grounds, we established
53 sites. Each site contained three nest boxes (5-10 m apart),
placed along forested edges wherever possible, and sites were
separated by approximately 100 m. The spacing of sites
allowed individual males to control access to only a single
cluster of three boxes. We manipulated the availability of
nest-boxes within these sites by providing males with access
to either one or three nest boxes.

Prior to male arrival we left only a single nest box open at
each site, plugging the entrance holes of the two adjacent nest
boxes with rubber stoppers. We paired territories by male
settlement date and randomly assigned territories to a single
or surplus cavity treatment within each pair by removing
rubber stoppers from the nest boxes in surplus cavity
territories immediately after male settlement, but before
females settled on male territories. Pairing treatments by
settlement date and randomly assigning treatments within
those pairs decoupled any potential correlations between
treatment and male quality or habitat quality (other than the
number of nest boxes). Therefore, we could examine the
effect of cavity availability on female reproductive investment
independent of differences in male characteristics or habitat
characteristics not related to cavity availability. The exper-
imental treatments were maintained through the pairing and
egg-laying periods.
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Although polygyny can be fairly common in populations of
house wrens, particularly in populations nesting in boxes
(Johnson & Kermott 1991; Poirier ez al. 2004), the frequency
of polygyny was relatively low at our study site (less than 5%).
Since our focus was on whether the potential for polygyny
affected female investment in reproductive success, we
intentionally spaced nest boxes close together within
territories in order to allow males to easily defend the extra
nest boxes in surplus cavity territories. Mated males with
surplus nest boxes in their territories appear to advertise for
additional mates (N. S. Dubois, personal observation), but
the close spacing of surplus boxes within territories may have
allowed primary females to exclude secondary females from
settling (Slagsvold & Lifjeld 1994). Two cases of polygyny
occurred on territory sites included in our dataset, but in both
cases, males acquired secondary females after the primary
females had already completed investment in eggs. Therefore,
no females are included after their status shifted from
monogamous to primary female.

We manipulated ‘early season’ nests of monogamous and
first-mated females initiated prior to mid-June in 2001 and
2002 (2001, »=29; 2002, n=45). Early season nests
included the first nest attempts of double-brooded females
and single-brooded females initiated before the start of any
second brood nests. Ten females were known to have initiated
first brood nests in both years. For these females, we randomly
selected one nest to include in our analyses. Therefore, the
sample sizes indicated include each female only once.

We identified the day that the first pieces of lining material
appeared in the nest cup as a female’s nest initiation date and
the day that the first egg of a clutch was laid as a female’s
laying date. We recorded clutch size only for completed
clutches. We considered a clutch complete once incubation
had started and the number of eggs in the nest remained
unchanged for two consecutive days. Since some nests failed
between nest lining and clutch completion (e.g. due to
suspected abandonment, depredation, or egg-removal by
house wrens), sample sizes differ for analyses of laying date
(single cavity, n=38; surplus cavity, #=34) and clutch size
(single cavity, n=32; surplus cavity, n=232).

Adult females were captured opportunistically at different
stages in the breeding cycle and individually marked with
unique combinations of colour bands. We collected standard
morphological measurements: length of exposed culmen,
tarsus length (measured from behind the intertarsal joint) and
unflattened wing chord. We found that mass measurements
varied considerably with timing within the breeding cycle
(see also Freed 1981) and did not consider them to be reliable
indicators for use in estimates of female condition. Ageing
by moult limits is not reliable during the breeding season
(Pyle 1997); therefore, we were only able to separate
returning females (at least 2 years old) from females breeding
on the study site for the first time based on banding data.

(b) Genetic sexing

We collected blood samples (5-40 ul) from 12 day old
nestlings for a subset of nests (single cavity, #=20; surplus
cavity, n=17) included in the experimental manipulation.
Samples were stored in Queen’s Lysis Buffer (Seutin er al.
1991) at 4 °C. DNA was extracted using the QIAamp DNA
Mini Kit (Qiagen Inc., Valencia, CA). We used a polymerase
chain reaction technique to determine the sex of nestlings
(Fridolfsson & Ellegren 1999), with the following PCR
conditions: initial denaturation (94 °C, 2 min), followed by



35 cycles of strand denaturation (94 °C, 30s), primer
annealing (46-47 °C, 30s) and DNA extension (72 °C,
90s) and 5 min final extension at 72 °C. We sexed 208
nestlings from 37 nests. We validated the sexing procedure in
two ways, first by correctly identifying 12 adults of known sex
(six males and six females) using this protocol. Second, 13
individuals that had been sexed as nestlings returned to breed
in subsequent years (a 14th adult that had been sexed as a
nestling could not be positively identified due to a
transcription error in record-keeping). In all 13 cases, the
sex assigned through molecular analysis as a juvenile matched
the sex assigned to breeding adults based on behaviour and
morphological characteristics in the field.

(c) Analyses

We used standard non-parametric tests for statistical analyses
of clutch size and laying date (Sokal & Rohlf 1995). For
analyses of laying date, the first egg of each year was considered
lay date 0. MANOVA was used to analyse female size data
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(PROC GLM with MANOVA statement in SAS v. 8.1).
Logistic regression analysis of sex ratios was conducted using
generalized linear models (PROC GENMOD, type 3 test
statistics) with a logit link function and binomial errors
(Wilson & Hardy 2002). We used number of male nestlings
as the dependent variable and the total number of sexed
nestlings in the brood as the binomial denominator. We
assessed model fit by looking at the residual deviance, which is
distributed asymptotically as x? and checked standardized
residuals for normality. The data were slightly underdispersed
(residual mean deviance =0.73), which leads to conservative
tests (Wilson & Hardy 2002). Therefore, we scaled the
variance by s (Pearson’s x> divided by the residual d.f.). We
report offspring sex ratios as proportion of males. These means
are back transformed from the parameters fitted during
statistical analysis.

We assessed deviations of the population brood sex ratio
from parity using a replicated goodness-of-fit test (Sokal &
Rohlf 1995). In order to calculate the G statistic for this test,
we had to exclude one single-box territory nest that contained
no males and three females. The excluded nest was an
incompletely sexed brood (only three nestlings out of seven
eggs survived to day 12) and its removal had little effect on the
average offspring sex ratio for single-box territories.

When there were no significant year or year X treatment
effects, we combined data from both years and present
models including only the treatment effect. Since there was a
significant year effect on female size, we present the full model
including main effects and interactions for that analysis. For
all data, means +standard error are reported.

(d) Use of animals in research

Use of animals in research was approved by Michigan State
University’s All-University Committee on Animal Use and
Care and was conducted under the appropriate federal and
state permits.

3. RESULTS

(a) Clutch size and offspring sex ratio

Females mated to males with surplus cavities in their
territories produced larger clutches (single versus surplus:
6.5+0.10, n=32 versus 6.91+0.17, n=32; Wilcoxon
Rank Sum: 7,=2.3, p<0.02) and produced a higher
proportion of sons (single versus surplus: 0.44+0.039,
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Figure 1. Clutch size and offspring sex ratio for females mated
to males with single cavities and surplus cavities in their
territories during the pairing and egg-laying stages (clutch
size: single; n=32, surplus; n=32, p<0.04; offspring sex
ratio as proportion of sons: single; n=20, surplus; n=17,
$<0.04). Offspring sex ratios were determined for a subset of
the nests used in the analysis of clutch size. The mean
proportion of sons for each treatment was derived from model
parameters fitted during statistical analysis of this smaller
dataset. Proportions of sons (open symbols), daughters
(stippled symbols) and unsexed offspring (striped symbols)
are represented.

n=20 versus 0.56+0.041, »=17; GENMOD with
binomial errors: F} 35=4.8, p<<0.04), than females mated
to males with single cavities in their territories (figure 1).
Similar patterns in offspring sex ratio were observed when
the analysis was limited to nests for which all hatchlings
were sexed (single versus surplus: 0.46+0.046, n=16
versus 0.574+0.054, n=10; GENMOD with binomial
errors: Fy,,=2.5, p<0.14). At the population level
(combining treatments), brood sex ratios did not differ
from parity (replicated goodness-of-fit-test: G1+=28.9,
d.f.=37, p>0.8). Only a subset of the completed clutches
was sexed, but differences in clutch sizes for the nests
from which young were sexed were similar to those of the
entire population (single versus surplus: 6.6 £0.11, =20
versus 7.1 +0.21, n=17; Wilcoxon Rank Sum: U;=226,
$<0.09).

(b) Maternal effects

Returning females were not more likely to settle in surplus
cavity territories than females breeding on the study site
for the first time (x3=0.12, p>0.7, single n=33, surplus
n=32, nine unidentified females that lined nests were
excluded from this analysis). Nor did females mated to
males with surplus cavities in their territories advance
laying dates (Wilcoxon Rank Sum: z,=0.57, p> 0.5, single
n=2738, surplus n=34). There were no differences in the
size of females settling in surplus versus single cavity
territories (table 1, MANOVA: treatment effect, Pillai’s
trace value=0.09, F5 5, =1.7, p>0.17; year effect, Pillai’s
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Table 1. Morphological measurements (mean +standard
error) for females settling in territories containing single
and surplus cavities at the beginning of the breeding season.
(MANOVA: treatment effect, p>0.17.)

morphological single cavity surplus cavity

variable territories (n=29) territories (n=28)

tarsus length (mm) 19.7+0.11 19.6 £0.12

unflattened wing 49.2+0.31 48.9+0.32
chord (mm)

exposed culmen 12.14+0.12 12.440.13

length (mm)

trace value=0.27, F5 5; =6.3, p<0.001; year X treatment,
Pillai’s trace value=0.07, F55,=1.2, p>0.3; 17 females
that lined nests were excluded from this analysis due to
missing or incomplete data).

(¢) Unsexed offspring

On average 1.1+0.26 (#=20) and 1.2+0.29 (n=17)
offspring (including unhatched eggs) were unsexed in
single and surplus cavity territories, respectively, but
neither the occurrence of nests with at least one unhatched
egg nor at least one unsexed hatchling differed between
treatments (eggs: X3 <0.01, p>0.9; hatchlings: x3=2.0,
p>0.16; table 2).

4. DISCUSSION

Burley (1986) proposed that females that acquire more
attractive mates in a particular mating attempt might
increase investment in reproduction (the differential
allocation hypothesis), thereby maximizing lifetime fit-
ness. Attractive mates might provide genetic benefits
(Norris 1993; Sheldon et al. 1997; Moller & Alatalo
1999) and/or direct benefits such as parental care (Hill
1991; Voltura er al. 2002; Siefferman & Hill 2003), thus
increasing the reproductive value and possibly decreasing
the production cost of offspring produced from that
breeding attempt. Females mated to attractive males
have been shown to adjust reproductive allocation to
produce more eggs (Petrie & Williams 1993), lay larger
eggs (Cunningham & Russell 2000), deposit higher levels
of testosterone in eggs (Gil er al. 1999), participate in
fewer extra-pair copulations (Burley ez al. 1994), as well as
facultatively adjust the sex ratio of their offspring
(Svensson & Nillson 1996; Sheldon et al. 1999). The
observed patterns of clutch size and sex ratio adjustment
in nests of female house wrens mated to males with surplus
cavities in their territories suggests that females perceive
these territories and/or associated males as high-quality
breeding situations and invest in reproduction accord-
ingly. The fact that similar patterns were observed in both
years of the study suggests that they are not simply an
artefact of sampling (Griffith ez al. 2003).

Male house wrens challenge one another through
chases and physical fights over the defence of territories
and the nest sites within them (Kendeigh 1941). Since
opportunities for polygyny are limited by the availability of
suitable nest sites in a territory, intense competition over
access to nest sites should lead to a correlation between
male competitive ability and cavity availability within a
territory under non-manipulated conditions. As a result,
cavity availability could signal mate attractiveness or
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viability to females. Should these traits be heritable and
affect the fitness of sons more than daughters, then we
would expect females mated to attractive or high-quality
males to produce male-biased clutches (e.g. Ellegren ez al.
1996; Svensson & Nillson 1996; Sheldon ez al. 1999). One
possible pathway might be if sons of males with multiple
cavities in their territories are more likely to have an intra-
specific competitive advantage in acquiring high-quality
territories themselves. In great tits (Parus major), where
male size is related to resource holding potential, females
bias sex ratios towards sons when mated to larger males
(Kolliker ez al. 1999).

Both the observed increase in clutch size and bias in
offspring sex ratio towards males are consistent with
differential allocation by females mated to males with
surplus cavities in their territories, but an alternative
possibility is that clutch size and offspring sex ratio differed
between treatments because older females or females in
better condition had preferential access to territories
containing surplus cavities (the differential access hypoth-
esis, Burley 1986). These alternatives may be confounded,
even in experimental manipulations, if treatments are not
randomly applied across females as well as males (Sheldon
2000). Studies on house wrens have documented
adjustment of offspring sex ratios in response to maternal
condition (Whittingham ez al. 2002), hatch order
(Albrecht 2000, but see Johnson et al. 2005), and mating
status (Albrecht & Johnson 2002), with females biasing
offspring sex ratios towards daughters when fewer
resources are available to allocate to offspring. While we
cannot rule out the possibility that females mated to males
with surplus cavity territories were in better condition or of
higher quality, our data do not seem to be consistent with
this hypothesis. Differential access (sorting) would lead us
to expect returning females (which were at least 2 years
old) to settle disproportionately on territories with surplus
nest boxes. We have no evidence for this. Nor did females
mated to males with surplus cavities in their territories
have earlier laying dates, which would have been expected
if they were in better condition. In house wrens, female
condition effects on offspring sex ratio may be more
strongly manifested in second broods (Whittingham ez al.
2002), which were not examined in this study.

Whether differences in reproductive investment occur
before pairing (differential access) or after pairing
(differential allocation), our findings suggest that the
availability of surplus cavities in male house wren
territories affects maternal investment. Females
responded to the presence of surplus cavities, either as a
signal of male quality, or possibly to the resource of
additional nest sites itself. Plissner & Gowaty (1995)
found that primarily monogamous Eastern bluebirds
(Sialia sialis) were attracted to multi-box territories before
the onset of breeding activity, but there was no effect of
surplus boxes on reproductive success. We cannot exclude
the possibility that females might directly benefit from
surplus nest boxes if surplus boxes provide opportunities
to re-nest more quickly in the event of nest failure, but we
suggest that such a benefit would be more likely to act
directly on female reproductive success in a given breeding
season rather than the inclusive fitness of sons and
daughters produced in that territory.

In polygynous species, additional nest sites in a
territory increase the potential for polygyny. Many studies
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Table 2. Number of nests (and percentage within treatments) used in analysis of brood sex ratios in which one or more
unhatched eggs and/or unsexed nestlings occurred. (Treatments were applied during the pairing and egg-laying stages.)

all eggs hatched

at least one egg did not hatch

all nestlings sexed nestlings incompletely sexed all nestlings sexed nestlings incompletely sexed totals

treatment
single cavity 7 (35%) 1 (5%)
surplus cavity 6 (35%) 1 (6%)

9 (45%)
4 (24%)

3 (15%) 20
6 (35%) 17

have demonstrated costs of polygyny for females, such as
reduced paternal assistance and lower reproductive
success (e.g. Lifjeld & Slagsvold 1989; Pinxten & Eens
1994; Kempenaers 1995; Sandell ez al. 1996). Even prior
to the acquisition of a secondary female, a first-mated
female may face reduced paternal care from males
attempting to attract additional mates (Smith 1995).
Male parental care during the nestling period can affect
female reproductive success in house wrens ( Johnson ez al.
1992), but costs of polygyny appear to affect the
reproductive success of secondary females (Johnson
et al. 1993) much more strongly than primary females
(Czapka & Johnson 2000). Therefore, for first-mated
females, benefits of mating with males with surplus nest
boxes in their territories may outweigh any potential costs.

In the cooperatively breeding Seychelles warbler
(Acrocephalus sechellensis), females produce the helping
sex (females) in high resource territories where helping
increases parental reproductive success, but produce the
dispersing sex (males) in low resource territories where
philopatric daughters would compete with parents for
resources (Komdeur ez al. 1997). One might imagine that
female wrens residing in surplus cavity territories
perceived reduced nest site competition and therefore
increased investment in the philopatric sex. However, it
seems unlikely that local resource competition (Clark
1978; Gowaty 1993) accounts for the observed biases in
wren offspring sex ratio. In house wrens, natal return rates
are low (generally less than 5% in an Illinois population,
Drilling & Thompson 1988; similar rates on our study site,
N. S. Dubois unpublished work) with small differences
between male and female offspring (approx. 60% of natal
returns were male, N. S. Dubois unpublished work).
Moreover, the empty nest boxes in three-box territories
were defended, and therefore would not be available for
additional males (but they would be available for females).

The question remains as to whether the offspring sex
ratios we observed on brood day twelve reflect female
investment in sex ratios at laying and/or hatching. Overall,
mortality of hatched young was low (less than 5%), and
limiting our analyses to nests from which all hatchlings
were sexed produced the same patterns in offspring sex
ratio between treatments. On average, size differences
between male and female offspring within a brood are
small (less than 3.1%, N. S. Dubois unpublished work).
Therefore, it seems unlikely that the observed differences
in offspring sex ratios were due to sex-biased nestling
mortality. However, the sex bias could have occurred at
laying or might have resulted from differential hatch
success. Occurrences of hatch failure were similar across
treatments, suggesting that the bias in offspring sex ratios
may reflect differences at laying.

We suggest that the observed differences in offspring
sex ratio are due to facultative adjustment of offspring sex
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ratios by females in response to differences in the
reproductive value of sons and daughters under different
breeding conditions. These differences in offspring sex
ratio among females are apparent at the individual level,
but are masked by the population offspring sex ratio. The
results of this study demonstrate that territory character-
istics such as surplus cavity availability can influence
reproductive investment in house wrens, both in terms of
the number and sex of offspring produced. The results
of this study have interesting implications for nest-box
studies, particularly those utilizing high densities of
nest-boxes for polygynous species. Close spacing of nest
boxes probably increases the occurrence of multi-cavity
territories compared to natural cavities and might have
consequences on female reproductive investment, includ-
ing the number and sex ratio of offspring produced.
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