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ABSTRACT.—Parents are expected to vary the sex ratio of their offspring in relation to the
sex-specific fitness benefits. However, benefits of producing sex-biased broods may be de-
pendent on condition of the female. For example, mothers in good condition could achieve
greater fitness if they produced high-quality sons, whereas, mothers in poor condition would
gain more by producing daughters rather than poor-quality sons. As a consequence, we
would expect to see a relationship between female condition and sex ratio of offspring. We
examined effect of maternal condition on nestling condition and sex ratio in the House Wren
(Troglodytes aedon). Overall sex ratio of nestlings in the population was not biased, but fe-
males in better condition produced relatively more sons. Overall positive relationship be-
tween female condition and proportion of male offspring was due to second broods, which
were significantly male-biased and more likely to be produced by females in good condition.
Females in better condition also tended to provision young more often and produced both
male and female nestlings in better condition. Polygyny and extrapair mating are common
in House Wrens. If males in good condition are more likely to be successful breeders as
adults, then it may benefit mothers in good condition to produce more sons. Received 8 Feb-
ruary 2001, accepted 13 July 2001.

RESUMEN.—Se espera que los padres varı́en el cociente de sexos de sus pichones en relación
a beneficios sexo-especı́ficos en la adecuación biológica (fitness). Sin embargo, los beneficios
de producir nidadas sesgadas en sexo pueden depender del estado de la hembra. Por ejemplo,
madres en buen estado podrı́an alcanzar mayor fitness si produjeran hijos de alta calidad,
mientras que madres en mal estado ganarı́an más si produjeran hijas, en lugar de hijos de mala
calidad. Como consecuencia, esperarı́amos ver una relación entre el estado de la hembra y el
cociente de sexos de los pichones. Examinamos el efecto del estado materno en la condición y
el cociente de sexos de las crı́as de Troglodytes aedon. En términos generales, el cociente de sexos
de los pichones no estuvo sesgado en la población, pero las hembras en mejor estado produ-
jeron relativamente más hijos. En términos generales, la relación positiva entre el estado de la
hembra y la proporción de hijos macho estuvo dada por la puesta de segundas nidadas, las
cuales estuvieron significativamente sesgadas hacia los machos y fueron producidas con mayor
probabilidad por hembras en buen estado. Las hembras en buen estado también tendieron a
aprovisionar a los pichones con mayor frecuencia y produjeron pichones en mejor estado, tanto
machos como hembras. La poliginia y el apareamiento extra-pareja son comunes en T. aedon.
Si los machos en buena condición tienen mayores chances de ser adultos reproductivos exi-
tosos, entonces puede ser beneficioso para las madres en buen estado producir más hijos.

QUANTITY, QUALITY, AND sex of offspring
produced can have profound effects on pa-
rental fitness. If fitness benefits of sons and
daughters differ, then individuals are expect-
ed to vary the sex ratio of their offspring in
relation to specific fitness benefits (Trivers
and Willard 1973). For example, when vari-
ance in reproductive success differs between
sexes, benefits of producing offspring in
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good condition may be further enhanced by
producing more of the sex with greater po-
tential for reproductive success. In many or-
ganisms, males have greater variance in re-
productive success than females (Arnold
1994). Variance in female reproductive suc-
cess is limited by number of eggs she can pro-
duce during a breeding season, whereas male
success is limited only by total number of
eggs he can fertilize, which may include eggs
of more than one social mate (i.e. polygyny)
as well as extrapair fertilizations.



126 [Auk, Vol. 119WHITTINGHAM ET AL.

In birds, greater variance in male than female
reproductive success has been found in polyg-
ynous species (Payne 1979, Webster et al. 1995,
Soukup and Thompson 1998). However, recent
work has shown that in monogamous species
males may also have greater variance in repro-
ductive success than females as a consequence
of extrapair paternity (reviewed in Webster et
al. 1995, Møller 1998). Thus, a successful son
may have the potential to produce more off-
spring than a successful daughter regardless of
social mating system. Under those circum-
stances, Trivers and Willard (1973) predicted
that mothers in good condition could achieve
greater fitness if they produced high-quality
sons, and mothers in poor condition would
gain more by producing daughters rather than
poor-quality sons. This assumes that sons in
good condition will realize higher reproduc-
tive success than daughters in good condition.
In support of Trivers and Willard (1973), recent
work in several species of birds suggests that
female condition is correlated with biased
brood sex ratios (Bradbury and Blakey 1998,
Nager et al. 1999, Whittingham and Dunn
2000).

In addition to producing sex-biased broods,
we expect parents in good condition to produce
offspring in good condition. Parents benefit be-
cause nestlings in good condition are more
likely to survive and recruit into the breeding
population (e.g. Tinbergen and Boerlijst 1990,
Hochachka and Smith 1991, Nager et al. 1999).
Condition of young may be influenced by pa-
rental condition in several ways. In biparental
species, such as most birds, both parents can
have a direct influence on nestling condition.
Females may influence condition of young
through clutch size, investment in egg mass, or
transfer of maternal antibodies and hormones;
both parents may influence condition of nes-
tlings by the amount of food they provide prior
to independence (reviewed in Price 1998).

We examined effect of maternal condition on
nestling condition and sex ratio in House
Wrens (Troglodytes aedon). In House Wrens, both
nestling condition and sex have potentially im-
portant consequences for parental fitness. First,
nestling mass, which presumably reflects con-
dition, is correlated positively with juvenile
survival and recruitment (C. F. Thompson un-
publ. data). Second, variance in reproductive
success is likely to be higher among males than

among females because males are often polyg-
ynous (10–35% of males; Johnson 1998) and po-
lygynous males sire more young than monog-
amous males (Soukup and Thompson 1997). In
addition, extrapair paternity occurs in 26% of
broods (Soukup and Thompson 1997) which
may further bias variance in male mating suc-
cess. Thus, sons have potential to provide
greater fitness than daughters in House Wrens.
If that is the case, we expect females in good
condition to produce more sons.

METHODS

Study area and species. We studied House Wrens in
1998 and 1999 in a box-nesting population at the Uni-
versity of Wisconsin-Milwaukee Field Station locat-
ed 50 km north of Milwaukee, Wisconsin (438239N,
888019W). The 120 ha study area contained 170 nest-
boxes erected in 1997. Nest boxes were placed in
woodland edge and shrub habitats. Nearest neigh-
bor distances between boxes were 15 to 20 m.

In House Wrens, males begin building the nest, us-
ing sticks to build a nest platform and cup. The fe-
male may contribute sticks and she also lines the nest
cup with grass and soft material (Johnson 1998).
Nestboxes were checked every two days starting the
day the first male arrived in the study area and con-
tinuing throughout male nest building. Nests were
checked every day after the female began building
the grass cup. Males were caught in mist nets near
their nestbox during initial stages of nest building.
Females were caught inside the nestbox when the
brood was seven days old. ‘‘Hatching’’ (day 0) rep-
resents the day when the majority of eggs in the
brood hatched and ‘‘brood age’’ represents number
of days posthatching.

All breeding adults were marked with a numbered
federal aluminum band and three colored leg-bands
for individual identification. We measured body
mass (to nearest 0.1 g with an electronic balance) and
tarsus length (to nearest 0.1 mm with digital cali-
pers). Double-brooded females were caught once
during the nestling period of their first brood. We
also weighed nestlings and measured tarsus length
(1200–1400 EST) when the brood was seven days old.
In other populations, fledging typically occurs after
14 days of age (Johnson 1998); however, we could not
handle nestlings at 10 days of age without causing
premature fledging. We decided conservatively to
band and measure nestlings at seven days of age.
Body condition was estimated as residuals of body
mass regressed on tarsus length. To determine sex
using molecular techniques (see below) we collected
a small blood sample (20–50 mL) from adults and
seven day old nestlings and stored it in Queen’s lysis
buffer (Seutin et al. 1991) until analysis.
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FIG. 1. Proportion of male nestlings in first or sin-
gle broods (1) and second broods (2) in 1998 and
1999. Sample sizes are given in parentheses.

We estimated level of parental provisioning to nes-
tlings by recording male and female feeding visits to
the brood during four 30 min observation periods
when nestlings were 4, 6, 8, and 10 days old (total of
2 h per nest). For each nest (n 5 66), data from all
four observation periods were averaged to calculate
the mean rate at which parents delivered food to the
brood. Observation sessions in 1998 were conducted
during 0630–1030 EST and in 1999 during 0630–1500
EST.

Sex determination of nestlings. We determined sex
of 383 House Wren nestlings from 68 broods using
molecular sexing techniques. DNA was extracted
from blood samples using a 5 M salt solution (Miller
et al. 1988) or from solid tissue samples (dead nes-
tlings) using standard phenol and chloroform meth-
ods (Hillis et al. 1990). We used Griffiths et al. (1998)
PCR primers to amplify a sex-specific region of the
CHD-1 gene on the sex chromosomes. PCR was car-
ried out in a total volume of 10 mL with the following
final reaction conditions: 50 mM KCl, 10 mM Tris-
HCl pH 8.3, 1.5 mM MgCl2, 200 mM of each dNTP,
200 ng of each primer, 0.5 U of Taq polymerase, and
50–200 ng of genomic DNA. PCR amplifications were
performed under the following thermal cycling con-
ditions: an initial denaturing step at 948C for 2 min
followed by 30 cycles of 948C for 30 s, 478C for 45 s,
and 728C for 45 s. The program concluded with a fi-
nal cycle of 488C for 1 min and 728C for 5 min. PCR
products were separated by electrophoresis for 45–
60 min at 10 V/cm in a 2% NuSieve 3:1 agarose (FMC
Corp.) gel stained with ethidium bromide. PCR
products were visualized under UV light and scored
one band as male and two bands as female. DNA of
20 different known sex adults (10 males and 10 fe-
males) was used to confirm sex specificity of those
primers for House Wrens, and in all 20 cases the mo-
lecular method correctly identified sex of adults.

Data analysis. For all nestlings in the population,
we used goodness-of-fit tests to examine departures
of the sex ratio from 1:1, whereas mean percentage
of males per brood was tested against a 1:1 ratio us-
ing a one sample t-test. To examine sex ratio in each
brood in relation to female condition or brood num-
ber (for double-brooded females), we used general-
ized linear models with binomial errors and logit
links (McCullagh and Nelder 1983) as implemented
in the Macintosh computer package GLMSTAT
(Beath 1997). This analysis used number of males in
each brood as the dependent (response) variable and
brood size as the binomial denominator. Significance
of predictor variables was tested by the change in de-
viance of the model with and without these terms.
Change in deviance has a distribution similar to chi-
square (McCullagh and Nelder 1983). Sample sizes
vary among analyses because it was not always pos-
sible to measure every variable for all individuals or
all nests. We used mean values of nestling mass, tar-
sus length, or condition for each sex in each brood to

avoid pseudoreplication. All tests were two-tailed.
Means are presented 6 SE, and interaction terms in
multivariate analyses were nonsignificant unless
noted otherwise.

RESULTS

We examined 68 broods of young produced
by 51 females; 34 were single brooded and 17
were double brooded. Including all broods,
clutch size varied from 3–8 eggs (6.0 6 0.1). On
average 5.8 (60.1) young hatched and 5.6
(60.1) fledged. There were no differences be-
tween years in laying date, clutch size, hatching
success, or fledging success (all P . 0.18).

We were able to sex 383 young from 412
(93%) eggs laid. Fifteen eggs that did not hatch
and 14 nestlings that died during the nestling
period (before day seven) were not sexed be-
cause they disappeared from the nest before
they could be collected. Of the 383 nestlings
with known sex, 380 survived to fledging.
Among all nestlings in our study, overall sex
ratio was 48.3% (185/383) males (likelihood x2

5 0.44, df 5 1, P 5 0.5). We also analyzed the
data using nests as the unit of analysis rather
than individuals. Again, mean sex ratio was
not significantly different from 50% (49.0%
males per brood 6 22.2 SD, n 5 68 broods; one
sample t-test 5 0.37, P 5 0.7). However, overall
percentage of males was greater in second
broods (60.0 6 5.4%) than in first broods of
double-brooded females and single broods
(45.3 6 3.0%; Fig. 1). There was also a greater
percentage of males in broods in 1999 (52.3 6
4.0%) than in 1998 (45.0 6 3.5%; Fig. 1).
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FIG. 2. A paired analysis of proportion of male
nestlings in first and second broods of double-brood-
ed females (n 5 17). Points on the dashed line rep-
resent females that produced the same proportion of
males in first and second broods. Above the line, sec-
ond broods had a larger proportion of males than
first broods, and below the line first broods had a
larger proportion of males than second broods.

FIG. 3. Percentage of male nestlings in first (solid
squares), second (solid circles), and single (open cir-
cles) broods in relation to laying date of the first egg
(1 5 May 1). Numbers next to some points indicate
multiple observations.

To examine those patterns more closely, we
began with a multivariate analysis that includ-
ed only first nests of double-brooded females
and single nests (n 5 51) to avoid pseudorepli-
cation. In a model that included laying date, fe-
male condition, and year as predictors, we
found that the proportion of male nestlings was
not related to laying date (change in deviance
5 2.2, df 5 1, P 5 0.13) or female condition
(change in deviance 5 0.3, df 5 1, P 5 0.59);
however, proportion of males differed between
years (change in deviance 5 4.7, df 5 1, P 5
0.03; deviance of final model 5 50.1, df 5 45).
Thus, associations described below are primar-
ily due to second broods of double-brooded
females.

Next, we analyzed double-brooded females
separately in a paired analysis that controlled
for year. Here, percentage of males was greater
in second broods (60.0% 6 5.4 SD) than in first
broods (42.8% 6 4.5; paired t 5 2.17, df 5 16,
P 5 0.045; Fig. 2). Single-brooded females ini-
tiated laying throughout much of the breeding
season, from 14 May to 24 July, whereas dou-
ble-brooded females initiated first broods from
12–28 May and second broods after 24 June
(Fig. 3). Although, percentage of male nestlings
was greater in second broods it was not influ-

enced by laying date. When we examined only
broods started late in the season ($day 40, see
Fig. 3), sons were significantly more likely in
second broods of double-brooded females than
in single broods (change in deviance 5 4.83, df
5 1, P 5 0.027, n 5 37 broods).

Lastly, we combined all offspring produced
by each female for the entire season. In that way
we were able to use all females and all nests
without pseudoreplication (n 5 51). In this
case, double-brooded females produced 11%
more males (55.0% 6 0.1) than single brooded
females (44.3% 6 0.2; change in deviance 5 3.6,
df 5 1, P 5 0.059). Female condition was relat-
ed positively to percentage of males in her
broods (change in deviance 5 4.3, df 5 1, P 5
0.038; Fig. 4). Year did not contribute signifi-
cantly to either of those relationships (P .
0.39). Female condition was the best predictor
of brood sex ratio, because adding number of
broods produced by a female did not contrib-
ute significantly (change in deviance 5 1.0, df
5 1, P 5 0.31) to the model containing female
condition. Females in better condition were
more likely to be double brooded (logistic re-
gression x2 5 12.54, df 5 1, P , 0.001), and dou-
ble-brooded females fledged almost twice as
many young (11.4 6 0.3) as single-brooded fe-
males (5.6 6 0.2; t 5 16.2, df 5 49, P , 0.0001).

Females in better condition produced off-
spring that were also in better condition (Fig.
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FIG. 4. Relationship between percentage of male
nestlings (based on total number of young per sea-
son) and female parent condition (P 5 0.038, n 5 49
females). Numbers next to some points indicate mul-
tiple observations.

FIG. 5. Relationship between body condition of
mothers and mean condition of (A) sons (r2 5 0.13,
P 5 0.015, n 5 45 broods), and (B) daughters (r2 5
0.2, P 5 0.003, n 5 44 broods). We estimated mean
condition of sons or daughters using all broods pro-
duced by each female during a season.

5). Condition of male nestlings was related pos-
itively to mother’s condition (r2 5 0.13, F 5 6.4,
df 5 1 and 42, P 5 0.02) in a regression using
mean condition of all male offspring produced
by each female. Similarly, condition of female
nestlings was related positively to mother’s
condition (r2 5 0.20, F 5 10.2, df 5 1 and 42, P
5 0.003).

Female condition may have influenced nes-
tling condition as a consequence of more feed-
ing visits, either by the female or her mate. Rate
of feeding visits was influenced by time of day
the observation took place for females (r2 5
0.08, df 5 1, 251, P , 0.001), but not for males
(r2 , 0.01, df 5 1, 250, P 5 0.11). Therefore, for
females we calculated residuals of each feeding
visit corrected for time of day and then used
the average of the four residual feeding visits
for analysis. Females in better condition tended
to feed their young more often (r2 5 0.06, F 5
3.1, df 5 1 and 46, P 5 0.086). Feeding rate by
the male was not related to his condition (r2 5
0.02, F 5 1.2, df 5 1 and 64, P 5 0.27), but males
tended to feed young at a greater rate when the
female was in better condition (r2 5 0.08, F 5
3.8, df 5 1 and 47, P 5 0.056). Thus, when fe-
males were in better condition, both the female
and her mate tended to feed their young more
often.

Male nestlings were larger and heavier than
female nestlings at seven days of age. In a pair-
wise analysis that controlled for brood effects,

we used mean value of tarsus length or mass
for each sex and compared sexes within a
brood. Males had longer tarsi than females
(paired t 5 3.12, P , 0.01) and there was a
trend for male nestlings to be heavier than fe-
males (paired t 5 1.95, P 5 0.057). Differences
in size, but not mass, were apparently carried
into adulthood. We found that adult males had
longer tarsi than females (males: 17.3 6 0.1
mm; females: 16.9 6 0.1 mm; t 5 4.1, df 5 91,
P , 0.001); however, body mass was not dif-
ferent between adult males and females (t ,
0.01, df 5 97, P . 0.9) after correcting for date
of capture (residuals from the regression of
body mass on capture date).

Differences in proportion of male nestlings
in first and second broods of double-brooded
females could occur at laying or be influenced
by sex-biased embryonic or nestling mortality
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(e.g. Whittingham and Dunn 2000). For double-
brooded females, we could not determine sex
of seven of 117 (6%) eggs in first broods and
seven of 91 (8%) eggs in second broods. Most
unsexed individuals were from unhatched
eggs that subsequently disappeared (6/7 and
5/7 in first and second broods, respectively).
There was no difference between first and sec-
ond broods in frequency of unhatched eggs (x2

5 0.2, df 5 1, P 5 0.63). Nestling mortality was
low (4.3%, 17/397 hatched young), so it is un-
likely that the difference in proportion of sons
between first and second broods was due to
sex-biased nestling mortality; however, we do
not know if sex bias occurs at laying or is due
to sex-biased embryo mortality.

DISCUSSION

Body condition of mothers was correlated
positively with nestling condition and propor-
tion of male young produced. Overall positive
relationship between female condition and pro-
portion of male offspring, was due to second
broods, which were significantly male biased
and more likely to be produced by females in
good condition. This study contributes to a
growing body of evidence that suggests body
condition of mothers influences body condition
and sex ratio of her offspring.

Condition-dependent sex-ratio variation has
been reported in other species of birds. In kes-
trels, females in good condition biased brood
sex ratios in favor of females, the larger and
more expensive sex (Falco sparverius, Wiebe and
Bortolotti 1992; F. tinnunculus, Korpimaki et al.
2000). In Tree Swallows (Tachycineta bicolor), fe-
males in good condition produced male-biased
broods at fertilization, as well as sons that were
in better condition at fledging (Whittingham
and Dunn 2000). These correlational studies
support the idea that female condition influ-
ences sex ratio of her offspring. This hypothesis
has also been tested in a study in which female
condition was manipulated experimentally. In
Lesser Black-backed Gulls (Larus fuscus), sur-
vival of male nestlings was influenced posi-
tively by egg mass, and mothers in poor con-
dition, which were unable to produce heavier
eggs, produced female-biased broods (Nager et
al. 1999). Laboratory experiments in birds also
support the hypothesis that sex-ratio variation

is related to maternal body condition (Brad-
bury and Blakely 1998, Kilner 1998).

Female House Wrens in better condition also
produced nestlings in better condition, and
those young tended to receive more food deliv-
eries from both parents. Females may benefit
from producing sons in good condition, if sons
in good condition have potential to achieve
greater reproductive success than daughters of
equal condition. In House Wrens, there is evi-
dence within broods that females may bias sex
of nestlings in relation to sex-specific benefits.
Albrecht (2000) found that last-hatched nes-
tlings fledged in poorer condition than their
nestmates and were more likely to be female.
This relationship is predicted if condition has a
greater negative effect on male than female sur-
vival, a relationship that has not been tested in
House Wrens but has been demonstrated in
Lesser Black-backed Gulls (Nager et al. 1999).

Male mating success is often skewed as a
consequence of polygyny or extrapair fertiliza-
tions (Payne 1979, Webster et al. 1995), and that
may lead to differential benefits from produc-
ing sons or daughters. Male House Wrens are
often polygynous and sire more young (even
when extrapair paternity is taken into account)
than monogamous males (Soukup and Thomp-
son 1998). Thus, sons have potential to provide
greater fitness returns than daughters. How-
ever, the value of producing sons may vary
among years as environmental potential for po-
lygyny varies. Also, it should be kept in mind
that double-brooded females can attain ap-
proximately twice the reproductive success of
single-brooded females. As a consequence, var-
iance in reproductive success may be more sim-
ilar between sexes in House Wrens than in oth-
er species (Møller 1998). In this case, it becomes
less clear which sex should be produced by
mothers in better condition.

In our study of House Wrens, association be-
tween maternal condition and sex ratio oc-
curred primarily because second broods of
double-brooded females contained more
males, and those females were in better body
condition (when measured at their first brood).
We do not know why there was no association
between condition and sex ratio in first and sin-
gle broods. Other unmeasured factors such as
maternal age (Blank and Nolan 1983) or terri-
tory quality (Appleby et al. 1997) may influence
brood sex ratio and could be correlated with
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maternal condition. Those possibilities need
further investigation in House Wrens.
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