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“The pigeon, as a rule, lays a male and a female egg, and generally lays the
male egg first.”
Aristotle (ca. 350 BC) Historia animalium
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Abstract
Male ornaments can influence both female preference and investment in sons
and daughters. Female zebra finches prefer males with red-leg bands and, when
paired with such males, produce offspring with male-biased sex ratios and eggs
with higher levels of maternal androgens. This opens up the possibility that
maternal hormones are directly involved in sex-ratio adjustment. Such patterns
might result from an effect of a male’s colour bands on female investment in the
eggs, but also from an effect on agonistic interactions and differential access to
high-quality females. To exclude the latter factors, we paired females to males
they had either preferred or refused in two-way choice tests, and studied the
resulting pattern of yolk-androgen deposition in their eggs and the primary and
secondary sex ratio of their offspring.
Females paired to their preferred males had increased yolk androgen levels in
their fourth eggs. Yolk androgen levels and primary sex ratios both decreased
over the laying sequence, but this did not differ between females with preferred
and unpreferred males. Sons survived less well than daughters, but again this
did not differ between females with preferred and unpreferred males. Survival
of offspring from females paired to unpreferred males increased with the laying
sequence, while survival of offspring from females paired to preferred males
did not vary with respect to the laying sequence. This may be attributable to
larger androgen levels in later-laid eggs, but we cannot exclude the influence
of other components of parental investment or direct genetic effects of male
quality. We found no indication for differential investment in the number or
quality of sons and daughters with respect to male attractiveness.
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Introduction
Mate quality has important consequences for fitness, when the genetic quality
and parental investment of the partner affect offspring survival and reproductive performance. Parents that adjust their parental investment to the quality
of their mate can enhance the fitness returns from their young. The effects
of mate quality on the fitness of sons and daughters may differ, in which case
parents are expected to adjust their investment according to the sex of their
offspring (Fisher 1930; Trivers & Willard 1973; Charnov 1982; Frank 1990).
Parents may overproduce the more attractive parental sex if this sex inherits
the genes responsible for attractiveness (sexy-son hypothesis: Weatherhead &
Robertson 1979). Such differential sex allocation in relation to mate attractiveness or quality has indeed been observed in a number of studies on bird
species (reviewed by Sheldon 1998; West et al. 2002).
It has been speculated that the maternal hormonal environment of the egg,
reflected by maternal hormones in the egg yolk, might be involved in the mechanism of sex-ratio adjustment (Krackow 1995a; Petrie et al. 2001; Müller et al.
2002). Differences in yolk hormone levels between female and male eggs are
consistent with this hypothesis (Petrie et al. 2001). Female zebra finches prefer
to associate with males wearing red leg bands (Burley et al. 1982) and, when
paired to such males, produce male-biased sex ratios (Burley 1981; Burley
1986c) and eggs that contain larger amounts of androgens of maternal origin
(Gil et al. 1999). Furthermore, in zebra finches both yolk androgens (Gil et al.
1999) and offspring sex ratio can vary with laying or hatching order (Clotfelter
1996; Kilner 1998; Rutkowska & Cichn 2002). In theory, differential androgen
deposition in the yolk may influence sex-chromosome segregation and thereby
determine the primary sex ratio, but there is no evidence for such a mechanism. Yolk androgens influence offspring development and survival (Schwabl
1993; Adkins-Regan et al. 1995; Schwabl 1996a; Henry & Burke 1999; Sockman & Schwabl 2000; Lipar 2001; Eising et al. 2001). If these effects are
sex-specific, maternal androgen deposition may lead to differences in the survival of sons and daughters and thereby to a bias of the secondary sex ratio.
The stage at which zebra finches bias the offspring sex ratio in relation to mate
attractiveness is unknown. Because sex ratio was most biased in broods with
brood reduction, Burley (1986c) suggested that differential parental care after
hatching results in sex-specific mortality and thereby a male-biased secondary
sex ratio.
It is possible that the effect of red leg bands on both offspring sex ratio
(Burley 1981; 1986c) and maternal hormone deposition in the eggs (Gil et al.
1999) is not due to differential allocation by females with respect to male attractiveness. Burley allowed birds to choose mates freely from a large flock.
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In this setting, the sex ratio of the offspring might have been biased because
attractive males had access to high-quality females, not because parents invested differentially according to male attractiveness. In the experiment of Gil
et al. (1999) attractiveness of red-leg bands was not tested. Red-leg bands
may signal higher dominance status (Burley 1985; Cuthill et al. 1997; but see
Ratcliffe and Boag 1987), and agonistic interactions can affect female androgen
deposition (Whittingham & Schwabl 2002).
Therefore, we chose to test the effect of mate attractiveness on levels of yolk
androgens (experiment 1) and primary and secondary sex ratio (experiment 2)
by letting females choose between two males. We then paired these females
randomly either to their preferred or their unpreferred male. Under these
conditions, effects on offspring sex ratio cannot be due to differential access
of males to high-quality females or a higher perceived dominance status of
red-banded males.

Material and Methods
Housing
We used wild-type zebra finches (Taeniopygia guttata), randomly chosen from
a pool of approximately 300 birds. Before the experiment started they were
kept in unisexual groups (6 – 30 birds), but had visual and acoustic contact
with individuals of the other sex. All rooms had a photoperiod of LD 14:10
(lights on at 09:00 h), a temperature of ca. 25◦ C and a relative humidity of ca.
40 %. Full spectrum fluorescent light tubes (Truelite and Philips) were used
throughout the experiment as UV wavelengths are important for avian colour
vision (Bennett & Cuthill 1994). Birds were provided with ad libitum tropical
seed mixture (Teurlings, The Netherlands), water and a cuttlebone for calcium
supply. The diet was supplemented with egg food three times a week. The
floor of the cages was covered with sand and grit.

Preference test
Preference was tested in a two-way choice situation, which allowed automatic
measurement of behaviour (Figure 3.1). The birds were moved to the choice
cages approximately four hours before lights-out to allow them to adjust to
the new environment. A female was placed in a central cage (60 cm × 30 cm
and 40 cm high), and a male in each of two small cages at either end (22 cm ×
30 cm and 40 cm high). During the acclimatisation period the birds could hear
each other but were visually separated. Up to nine choice tests were performed
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Figure 3.1: Schematic drawing of the choice set-up (plan view). Two passiveinfrared motion detectors, located above the central cage, recorded
the activity of the test-bird in approximately the left and right
25 % of its cage (shaded areas). The fat lines indicate the location
of perches.

simultaneously. Females were not tested with siblings or with males they had
bred with.
The following morning the partitions were removed, so that the female could
see both stimulus males. The males could also see each other through the female’s cage. The position of the males were switched at the start and thereafter
three more times in two-hour periods in order to control for side preferences.
There was no further acclimatisation period after switching the males. Both
males were thus twice for two hours on each side of the female. The central
cage had one central perch running along the length of the cage aligned with
similar central perches in the two small cages. Perpendicular to this central
perch, a shorter perch on either side of the cage divided the total space in a
central area of 50 % and two lateral areas of 25 % each. Two passive infrared
motion detectors located above the cage recorded the activity of the female in
the lateral 25 % regions. Activity was summed up for two-minute intervals by
an event-recording system (ERS) and stored on a PC.
Because the time it took to switch males varied between test-periods, we
had for some occasions somewhat less than two hours recording of activity.
We therefore calculated a preference score for each male using the last 52 twominute intervals of each two-hour period, which were always available. This
was done by calculating, for each side, the number of intervals the female
was more active on that side than on the other side, divided by the total
number of intervals during which activity was recorded on at least one of the
sides. Finally, we averaged the preference scores for each males over the four
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observation periods.
For breeding (see below) we used only the sub-sample of females with a
preference score higher than 0.67 (i.e. females that were at least twice as
active on the side of the preferred male as on that of the unpreferred male.
This comprised about a third of all the females we tested.

Pairing
We used females and males from these preference tests for two different experiments. In experiment one, eggs were removed immediately after laying for the
measurement of maternal yolk androgen deposition in the eggs. In experiment
two, eggs remained in the nest to analyse the effects on offspring sex ratio,
survival and growth.
Females were alternately assigned to breed with their preferred or their unpreferred male. In experiment one, 22 females were paired with their preferred
male and 18 with their unpreferred male. In experiment two, 41 females were
paired with their preferred male and 40 females with their unpreferred male.
On the evening of the day their preference was measured, test birds were
moved to breeding cages (60 cm × 30 cm and 30 cm high). These were situated
in one large room allowing acoustic, but not visual, contact with birds in other
cages. Each cage was separated by wire mesh in two equal parts and each half
received one nest box in the outer-back corner and ad libitum nest material.
The female and her assigned male were moved to the left half of the cage, and
the second male from the female’s choice test was placed in the right half of
the cage. This second male remained in visual and acoustic contact with the
breeding pair for three days, to increase the time the female was exposed to
both her preferred and her unpreferred male. The non-breeding male and the
wire mesh separating the two halves of the cage were removed on the evening
of the third day.

Breeding
Nests were checked daily for the presence of eggs. Fresh eggs were weighed
and individually marked using a non-toxic pen. In experiment one, eggs were
removed on the day of laying, replaced by infertile zebra finch eggs and immediately frozen at -20◦ C until determination of androgen levels.
In experiment two, eggs remained in the nest to be incubated by the breeding
pair. Around the time of hatching (12 days after laying), nests were checked
three times daily to determine hatching order. Hatchlings were individually
marked using a non-toxic pen and, when they reached about seven days of
age, by orange, numbered leg bands. Throughout the experiment, clutch sizes
and brood sizes were monitored. If eggs or nestlings were missing, cages were
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searched for the remains and any dead embryos or nestlings were sexed (see
below). Surviving nestlings were weighed on day one (hatching) and on days
three, seven and forty.

Sexing
Molecular sex determination of all offspring (dead embryos, hatchlings and
surviving young) was carried out by amplification of sex-specific gene sequences
(Bradbury & Blakey 1998), after DNA extraction from small tissue or blood
samples with Chelex (Walsh et al. 1991). In all cases, sex determination was
successful and in all cases of surviving young it corresponded with phenotypic
sex.

Hormone assay
Most female zebra finches lay a clutch size of at least four eggs. To obtain an
indication for androgen levels of early and late laid eggs, we used first and fourth
eggs for measuring androgens. A weighed amount of yolk homogenised in water
was extracted with 2 × 4 ml diethylether : petroleumether (7 : 3). The dried
extracts were stored overnight at - 20◦ C in 90 % ethanol to precipitate proteins
and neutral lipids. After centrifugation at 1500 RPM for 5 min, the supernatant
was decanted and dried at 50◦ C under nitrogen. The dried extracts were
redissolved in 500 ml assay buffer. The antibody (T3-125, Endocrine Sciences)
was sensitive to testosterone (100 %) and to dihydrotestosterone (20 %). We
therefore consider our assays as a non-specific androgen assay. This is similar
to the antibody used by Gil and colleagues (1999), which is sensitive to both
testosterone and dihydrotestosterone.

Data analysis
Data were analysed in Excel 2000, SPSS 11.0 and MLWIN 1.10.0006. Data on
clutch sizes and brood sizes at hatching and fledging and the weights of the
fathers were not normally distributed and analysed using non-parametric statistics. Data on yolk hormones, offspring sex, survival and weight were analysed in
MLWIN 1.10.0006 by hierarchical linear models (Bryk & Raudenbush 1993) in
a two level model using individual offspring nested within clutches. This model
accommodates unbalanced data and allows analyses of variance and covariance,
while simultaneously taking the nested relationships of offspring within clutches
of individual pairs into account. We tested the effects of treatment and laying
order, and in the case of survival and body mass also of offspring sex, as well as
their interactions. Parameters were removed successively from the full model,
starting with the least significant highest interactions, while ensuring that the
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amount of data used in the compared models remained the same. For normally
distributed data (yolk hormones, offspring weights) significance was tested using the increase in deviance (δ deviance, which follows a χ2 distribution) when
a factor was removed from a model. All factors with a p < 0.1 were retained
in the final model.
Binary data (offspring sex and survival) were transformed by the logit link
function and analysed assuming for offspring sex ratios and offspring survival an
extrabinomial error distribution at the individual level (Goldstein 1995). Model
parameters were estimated by second order penalised quasilikelihood estimation
or (when models failed to converge) first order quasilikelihood (Goldstein 1995).
Significance was tested using the Wald statistic, which follows a χ2 distribution.
Results with α < 0.05 (two tailed) were regarded as significant. Data are shown
as means ± standard error of the mean (SEM) unless stated otherwise.

Results
Experiment 1: Yolk androgens
Females paired with their preferred male laid eggs with, on average, higher
yolk androgen concentrations than females paired with their unpreferred male
(Figure 3.2). The difference was significant for the fourth egg (δ deviance =
6.7, p < 0.01), but not for the first (δ deviance = 0.3, p = 0.8). Androgen
concentrations were lower in fourth eggs than in first eggs (δ deviance = 8.6,
p < 0.01), but the effect of the interaction between laying order and treatment
was not significant (δ deviance = 1.8, p = 0.2).
The relative decrease in hormone levels over the laying order may be more
important than absolute changes, in particular if hormones affect survival via
sibling competition. We therefore analysed the change over the laying order,
calculated as a percentage of the androgen level of the first egg. The decrease
over the laying sequence was very slight in eggs of females of preferred males
(4.8 %), but marked in those of unpreferred males (21.6 %), and this difference
was of borderline significance (δ deviance = 3.8, p = 0.05). Because of this
laying order effect on hormone deposition, we took the laying or hatching order
into account in the subsequent analyses.
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Figure 3.2: Yolk androgen concentrations in first and fourth eggs laid by females paired to their preferred or unpreferred male.

Experiment 2: Sex ratio
Females paired to their preferred or to their unpreferred males produced, on average, almost identical primary sex ratios (Figure 3.3, first two bars, Wald χ2 =
0.3, p = 0.6). The primary sex ratio decreased significantly with laying order
(Figure 3.4, Wald χ2 = 4.2, p < 0.05), independent of treatment (effect of the
interaction between treatment and laying order: Wald χ2 = 0.3, p = 0.9). This
was due to a strongly male-biased sex ratio in the first egg only, in both groups
(Fig 3.4). The sex ratio of the first egg deviated significantly from the average sex ratio of the other eggs (Wald χ2 = 9.6, p < 0.01) and from 50 %
(Wald χ2 = 9.6, p < 0.01).
Broods of preferred males were slightly more female-biased than broods of
preferred males both at hatching and at independence (Figure 3.3), but the differences were far from statistically significant (at hatching: Wald χ2 = 0.3, p =
0.6; at independence: Wald χ2 = 1.1, p = 0.3). Offspring sex ratios of neither
preferred nor unpreferred males deviated significantly from the expected 50 %
at the egg stage, at hatching or at fledging (all Wald χ2 < 1.7, all p > 0.2).
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Figure 3.3: Sex ratio at the egg stage, at hatching and at fledging in offspring
sired by preferred or unpreferred males. The dots represent sex
ratios in individual broods and they indicate the number of broods
at each stage.

Figure 3.4: The primary sex ratio (shown as mean ± SEM) of clutches sired
by unpreferred or preferred males, in relation to the laying order.
The numbers above the figure indicate sample sizes.
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Figure 3.5: Offspring survival to fledging (shown as means ± SEM) in relation
to the laying order. The numbers above the figure indicate sample
sizes. The lines show the predictions of the hierarchical logistic
regression (see text).

Survival
Sex ratios decreased slightly from the egg stage to hatching because sons survived (non-significantly) less well than daughters during the embryonic stage
(Wald χ2 = 3.5, p = 0.06; Figure 3.5). Sex ratios decreased more strongly
during the nestling stage (Figure 3.3), because male nestlings survived significantly less well than female nestlings (Wald χ2 = 5.8, p < 0.05). This sex
difference in survival did not differ between broods of preferred and broods
of unpreferred males during the embryonic stage (interaction between sex and
treatment: Wald χ2 = 0.6, p = 0.5) or the nestling stage (interaction between
sex and treatment: Wald χ2 = 0.04, p = 0.8). While sex of the offspring, alone
or in interaction with other variables, did not affect survival, there was a significant interaction between treatment and laying order in their effect on offspring
survival from the egg stage to fledging (Figure 3.5; Wald χ2 = 14.6, p < 0.001):
Offspring survival increased significantly with laying order in clutches of unpreferred males (Wald χ2 = 9.3, p < 0.01), but not in those of preferred males
(Wald χ2 = 1.2, p = 0.3). The difference in survival to fledging was already apparent at the embryonic stage: embryonic survival increased with laying order
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in clutches of unpreferred males but not in those of preferred males (interaction
between treatment and laying order: Wald χ2 = 5.0, p < 0.05).
Clutches from females with preferred males and unpreferred males did not
differ in size (Table 3.1). Clutches from females with preferred males had on
average a slightly higher proportion of lost or broken eggs and proportion of
eggs that showed no embryonic development (Table 3.1). These differences resulted, on average, in one fewer fertile egg in clutches of females with preferred
males, though this difference was not significant (Table 3.1). Due to the combination of a smaller number of fertile eggs, lower embryonic survival of later-laid
eggs and lower survival of later-hatched young, pairs with preferred males had
significantly smaller brood sizes at hatching and at fledging (Table 3.1).
Thus, treatment did not affect the primary or secondary sex ratio, but it
did affect overall offspring survival in relation to laying and hatching order.
Interestingly, females with preferred males produced fewer surviving young.
Furthermore, independent of treatment, sons had lower survival than daughters.

Offspring mass
We found no sex-ratio biases at any developmental stage, giving no support
for the idea that sex allocation is related to parental attractiveness. However,
there might be more subtle differences in the quality of sons and daughters.
We therefore analysed growth of sons and daughters in relation to parental
attractiveness. Besides sex and treatment (preferred vs. unpreferred fathers),
we included age, the square of age and the cube of age as factors to model the
sigmoidal growth curve. Sex, treatment and age were included in the higher
interactions to test for differences in growth patterns.
Offspring of preferred males were slightly lighter than offspring of unpreferred
males at post hatching day 3 and somewhat heavier at day 6 and day 40 (Table 3.2). The effect of the interaction between age and treatment on offspring
weights was highly significant (δ deviance = 23.4, p < 0.001). This effect did
not differ with respect to offspring sex (interaction between treatment, offspring
sex and age: δ deviance = 0, p = 1). At independence (day 40), offspring of
preferred males and sons were somewhat heavier than daughters (Table 3.2),
but these differences between treatments and sexes did not reach significance
(both δ deviances = 3, p = 0.08), and there was no significant interaction
between offspring sex and treatment (δ deviance = 0.2, p = 0.7).
Preferred fathers were heavier than unpreferred fathers (average weight preferred males (n = 81) : 15.9 ± 0.3 g, average weight unpreferred males (n =
81) : 15.1 ± 0.3 g; Wilcoxon Signed-Ranks Test (n = 81), z = −2.4, p < 0.05).
This may partly explain why their young grew more between day 3 and day
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Table 3.1: Reproductive performance of females paired to preferred and unpreferred males. The statistical tests show the Wald χ2 value from
a hierarchical logistic regression analysis of the difference in proportions of lost and infertile eggs and the U-statistic (MWU) from
a Mann-Whitney-U test of the difference in mean egg or nestling
numbers and their associated p-values.
Unpreferred
Median
(Interquartile)

Test value

p

Parameter (Pairs)

Preferred
Median
(Interquartile)

Clutch size (39; 38)

5 (1) eggs

5 (2) eggs

MWU: 726

0.9

Lost eggs (39; 38)

13 %

8%

Wald χ2 : 0.3

0.6

26 %

22 %

Wald χ2 : 0.9

0.3

Fertile eggs (30; 27)

4 (3) eggs

5 (1) eggs

MWU: 290

< 0.1

Brood size (24; 23)

4 (2) young

5 (1) young

MWU: 138

< 0.01

3 (2) young

4 (2) young

MWU: 96

< 0.05

(% of all eggs)
Infertile eggs (39; 38)
(% of all eggs)

(at hatching)
Brood size (19; 19)
(at independence)

Table 3.2: Weights (means ± SEM) of female and male eggs, nestlings and
independent young. (number of clutches in brackets)
Preferred
daughters
sons
Egg weight (g)
Hatchling weight (g)
Weight day 3 (g)
Weight day 8 (g)
Weight day 40 (g)

1.03 ± 0.02
(25)
0.72 ± 0.03
(23)
1.7 ± 0.1
(19)
6.3 ± 0.3
(19)
14.3 ± 0.3
(19)

1.01 ± 0.03
(26)
0.75 ± 0.03
(19)
1.8 ± 0.1
(16)
6.6 ± 0.3
(15)
14.4 ± 0.4
(15)

Unpreferred
daughters
sons
1.04 ± 0.03
(24)
0.73 ± 0.03
(20)
1.8 ± 0.1
(16)
6.2 ± 0.3
(17)
13.4 ± 0.3
(17)

1.03 ± 0.02
(25)
0.75 ± 0.03
(20)
1.9 ± 0.2
(13)
6.5 ± 0.3
(15)
14.0 ± 0.4
(15)
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40. Indeed, offspring weight on day 40 was strongly influenced by the weight
of the father (δ = 12.2, p < 0.001). In conclusion, as in the case of sex ratios,
the quality of sons and daughters in terms of body mass was not affected by
whether their mothers had been paired to a preferred or an unpreferred male.

Discussion
Yolk androgens
Females mated with their preferred male had elevated androgen levels in the
yolk of their eggs. This supports previous findings where male attractiveness
was assumed to be enhanced by leg-band colours (Gil et al. 1999). Although
we only found this enhancement in eggs later in the laying sequence it indicates
that allocation of yolk hormones can indeed be affected by male attractiveness.
Surprisingly, offspring of females with preferred males survived less well when
they hatched from later-laid eggs. Since these later eggs contained more androgens, this is consistent with the finding that experimentally elevated levels
of yolk androgens can impair survival (Sockman & Schwabl 2000).

Yolk androgens and sex ratios
Female zebra finches paired to males with red-leg bands produce male-biased
sex ratios (Burley 1981) and deposit more androgens in their eggs (Gil et al.
1999). In addition, male and female yolks of peacocks have been found to differ
in androgen content (Petrie et al. 2001). It therefore has been speculated that
differences in yolk androgen deposition might cause differences in the primary
sex ratio (Petrie et al. 2001). Since the clutches of the two groups in our experiment differed in levels of yolk androgens but not in the primary or secondary
sex ratio of their offspring, our data do not strengthen this suggestion. In addition, there is no evidence that yolk androgen levels influence offspring survival
in a sex-specific way. Androgen deposition was dependent on treatment and
laying order, but our study did not reveal a sex difference in the effect of the
interaction between treatment and laying order on offspring survival.

Offspring survival
Attractive males show reduced parental care (Burley 1988b). If their mate does
not compensate for this by increasing its own care, this could potentially lead
to a change in the sex ratio as daughters are more vulnerable to food shortage
than males (de Kogel 1997; Kilner 1998; Bradbury & Blakey 1998). However,
we found that daughters survived better than sons. Birds may also produce
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a primary sex ratio that varies with respect to the laying or hatching order,
possibly only biasing the first egg (Emlen 1997). If they subsequently adjust
offspring survival in relation to the laying or hatching order, favouring offspring
from early-laid eggs or those from laid-late eggs (Clotfelter 1996; Kilner 1998),
this could lead to a bias of the secondary sex ratios. This is indeed the case in
our study: embryos from eggs later in the laying sequence contained relatively
more females than first eggs in both groups, but survived better only for pairs
with unpreferred males. This did however not lead to a secondary sex-ratio
bias in that group in our experiment.
The finding that females paired to their preferred male had the same average
clutch sizes, but smaller brood sizes may be due to the fact that the males could
not choose their partner. In a flock, the preferred males might pair with higherquality females (Burley 1986c; Monaghan et al. 1996). In our experiment,
all females were on average of the same quality and preferred males may have
reduced their parental investment even more than they would have done with a
partner of high quality. For unpreferred males the situation may have been the
opposite: in our experiment, they may have obtained on average higher-quality
partners than if they had to compete with preferred males in a flock. Therefore,
they may have been willing to invest more, resulting in higher reproductive
success. The smaller brood sizes at hatching may also be due to direct genetic
effects, if preferred males inherit genes to their offspring that result in lower
viability (Brooks 2000).

Comparison with Burley’s studies
Females mated to preferred males did not produce male-biased primary or secondary sex ratios. This contrasts with other studies showing that the offspring
secondary sex ratio in zebra finches is biased in relation to male attractiveness, manipulated by coloured leg bands (Burley 1981; Burley 1986c). The
recent studies (Zann & Runciman 2003; Rutstein, pers. comm.) who also used
coloured leg bands to manipulate male attractiveness found no effect on the offspring primary sex ratio. Two important differences between Burley’s studies
and ours may explain the discrepancy.
Firstly, our experiments were not conducted in flocks of birds as in Burley’s
works. This excluded any opportunity for male-male competition and mutual
mate choice. In flocks, pairs with attractive males may be more successful in
competition for nest sites and food than pairs with unattractive males (Cuthill
et al. 1997). This could lead to differences in parental incubation and feeding
behaviour and thereby sex-specific mortality between these groups, since female
zebra finches appear to be more sensitive than males to adverse conditions
during early development (de Kogel 1997; Kilner 1998; Bradbury & Blakey
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1998). Secondly, in flocks, attractive males have the possibility to choose highquality females. Male zebra finches prefer females that are in better condition
(Monaghan et al. 1996). Females paired to red-banded males in flocks had
slightly, but non-significantly, larger clutch sizes and significantly larger brood
sizes (Burley 1986c), indicating that females paired to attractive males may be
of higher quality. Possibly only these high-quality females produce male-biased
sex ratios.

Conclusion
In conclusion, our results indicate that breeding with preferred males stimulates maternal androgen deposition in the eggs and leads to lower reproductive
success. The latter may be restricted to a setting that does not allow mutual mate choice and male-male competition. Whether the lower survival of
later hatched young is a consequence of maternal hormone deposition, reduced
parental care or differences in male genetic quality is unclear. We found no
evidence that mate attractiveness influences the sex ratio of their offspring.
Alternative explanations for such an effect reported in the literature are conceivable and warrant further study.
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