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during development, but also by the phenotype or environment of its mother.”
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Abstract

Treatment of female zebra finches (Taeniopygia guttata) with 17-β-estradiol
leads to a female biased sex ratio in their offspring at the age of independence
(Williams 1999). It is unclear whether this is due to a bias of the primary sex
ratio or to sex specific survival. We replicated this experiment and found again
a significantly higher total number of daughters than sons at independence
in the estradiol treated group. This was due to higher embryonic survival of
daughters compared with sons in the estradiol treated group and the reverse
in the control group. There was no effect of the hormone treatment on the
primary sex ratio. Treatment with 17-β-estradiol led to a significantly shorter
hatching time and to heavier offspring at day 7 after hatching. This weight
was correlated with maternal plasma estradiol levels on the day of the first
egg, which were significantly higher in the estradiol treated group than in the
control group. The results do not support the idea that maternal estradiol
levels influence the primary sex ratio. They indicate that maternal estradiol
differentially affects survival of sons and daughters via an influence on the
embryonic environment, possibly enhancing offspring growth.
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Introduction

Systematic biases of offspring sex ratios have been reported in many avian
species (reviewed by Clutton-Brock 1986; Sheldon 1998; Komdeur & Pen 2002;
Hasselquist & Kempenaers 2002). These biases suggest that some bird species
can manipulate the number of their male and female offspring either at the
time of egg production (Dijkstra et al. 1990; Komdeur et al. 1997; Kilner
1998) or by influencing sex specific mortality during embryonic or post-hatching
development (Clutton-Brock et al. 1985; Griffiths 1992; Dijkstra et al. 1998).

Mechanisms of primary and secondary sex ratio adjustment have hardly been
studied (Krackow 1995a; Krackow 1995b; Komdeur & Pen 2002). It has been
speculated (Krackow 1995a; Petrie et al. 2001; Müller et al. 2002) that ma-
ternal steroid hormones may play a role in primary sex ratio adjustment. Pri-
mary and secondary offspring sex ratios in zebra finches vary with respect to
the laying or hatching order and change when food or mate attractiveness are
manipulated (Burley 1981; Burley 1986c; Clotfelter 1996; Kilner 1998; Brad-
bury & Blakey 1998; Rutkowska & Cichón 2002; but Zann & Runciman 2003).
Some of these factors also affect maternal hormones deposition of female zebra
finches into eggs (Gil et al. 1999). Evidence that maternal hormones may be
involved in secondary sex ratio adjustment comes from a study by Williams
(1999). He injected female zebra finches (Taeniopygia guttata) prior to egg
laying with 17-β-estradiol. These females produced significantly more female
than male fledglings. Because nestling mortality was increased by the treat-
ment with estradiol the author attributed the female biased fledgling sex ratio
tentatively to increased male mortality - assuming an even primary sex ratio.
However, the possibility of an effect on the primary sex ratio could not be ruled
out.

While there is no evidence for an effect of hormones on the primary sex ratio,
estradiol may in principle influence the primary sex ratio by affecting which sex
chromosome remains in the egg during the meiotic division or by reabsorption of
eggs of a certain sex (Krackow 1995a). The hormone could also lead to a bias of
the secondary sex ratio by affecting mortality in a sex specific way. This might
be caused directly by the transfer of the hormone from the maternal circulation
to the egg (Riddle & Dunham 1942; Adkins-Regan et al. 1995) or indirectly by
an effect of estradiol on egg composition (Brant & Nalbandov 1956; Christians
& Williams 1999) or parental behaviour (Hutchison et al. 1967; Steel & Hinde
1972; Runfeldt & Wingfield 1985; Wingfield 1994).

We studied whether maternal estradiol treatment affects the primary sex
ratio and sex specific survival. We treated female zebra finches in the same way
as Williams (1999). In addition to sexing surviving offspring we determined
the primary offspring sex ratio by sexing unhatched embryos that died before
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hatching and dead hatchlings. We also investigated the effect of the treatment
on maternal hormone levels, parental behaviour, and offspring growth.

Material and Methods

Treatment design and animal care

The experiment was conducted in two batches: in 2000 we used 22 control
and 21 experimental pairs. Because of high hatchling mortality we repeated
the experiment in 2001 with another 15 control and 35 experimental pairs to
increase the sample size. Birds were kept in a light dark schedule of LD 14:10 h.
They were provided with a tropical seed mixture (Teurlings, The Netherlands),
water, cuttlefish bone, and grit, all ad libitum, that was supplemented with egg
food three times weekly. Virgin females from a unisex flock were used. They
were alternately assigned to control and estradiol treatment and placed into 20
× 40 × 30 cm cages.

On four successive days, females were given a single injection of 30 µg 17-
β-estradiol in 20 µl 1,2-propanediol into the breast muscle. Control females
received 20 µl 1,2-propanediol vehicle only. To estimate the short term effect
of the injections on plasma estradiol levels a blood sample was taken from the
jugular or ulnar vein in the 2000 study for hormone determination, starting
at 2:45 h (control n = 8; estradiol n = 9) or 4:15 h (control n = 6; estradiol
n = 11) after the third injection. Birds were blood sampled in the same order
as they were injected.

Immediately after the fourth injection nest boxes, nest material and a ran-
domly chosen male were added to each cage. There was no significant difference
in the time from the last injection and pairing until birds laid their first egg
(MWU-Test: U= 719, p = 0.7) and no difference in clutch size (MWU-Test:
U =675, p = 0.4) between the control and the estradiol treated group. Each
pair could produce and raise the offspring of one clutch. Nests were checked
daily for new eggs. Fresh eggs were weighed and marked individually with a
non-toxic pen. To obtain an estimate of the onset of incubation, we felt at
each check (i. e., once daily) whether eggs were warm. While incubation be-
gins gradually, continuous incubation typically starts approximately when the
third or fourth egg is laid (El-Wailly 1966; Zann & Rossetto 1991) and this
transition is easily established by our protocol.

In the first series (2000) parental incubation behaviour was assessed during
the first ten days after pairing. Each pair was observed twice daily for 15
minutes: once in the morning, once in the afternoon. At each full minute we
recorded if the parents were sitting in the nest box. The total count of full
minute scans during which the birds were sitting on the nest box was used in
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the analysis.
We took a blood sample from the females on the day of the first egg to

measure plasma estradiol levels. Higher estradiol levels at this stage would
indicate the possibility of higher estradiol levels in the egg as yolk steroid
hormones appear to be related to plasma steroid hormones (Schwabl 1996b) and
steroid hormones can be transferred from the circulation to the yolk (Adkins-
Regan et al. 1995).

Around the expected time of hatching (12 days after laying) nests were
checked up to three times daily to determine the hatching order. Hatchlings
were individually marked and later ringed. All unhatched eggs, dead hatchlings
or fledglings were collected and a tissue/blood sample taken for sex determi-
nation. Molecular sex determination was done by amplification of sex specific
gene sequences (Griffiths et al. 1996). Surviving young were also sexed by phe-
notype. Genotypic and phenotypic sex corresponded except for one phenotypic
male, who was consistently sexed as a female by the molecular sex determina-
tion. It is still unclear whether this is due to polyploidy, a mutation affecting
the molecular sexing, or abnormal sexual differentiation. To be conservative
with respect to our hypothesis, we included this bird as a male in the analysis
because it was from the estradiol treated group for which we predicted a larger
number of female offspring. Young were weighed on the day of hatching and
on day 7 to the nearest 0.01 g. In 2001 weight to the nearest 0.1g and tarsus
length to the nearest 0.1mm (including the heel) were also measured on day
40.

All experimental procedures were carried out under approval of the animal
experimentation committee of the University of Groningen (licenses DEC 2328
and DEC 2668).

Hormone analysis

Estradiol in plasma samples was measured by radioimmunoassay. After cen-
trifugation of blood samples (10 min at 2000 RPM) a measured amount of
plasma (circa 70 µl) was extracted on extrelut-columns and celite-columns
(Wingfield & Farner 1975; Vining 1980). The samples were extracted and
assayed in two batches. In brief, a known amount of radioactive estradiol (ca.
2000 CPM) was added to each plasma sample to assess extraction efficiency
and samples were kept for two hours at 4-10◦ C for equilibration. Plasma sam-
ples were transferred to glass pipettes filled with 0.3g extrelut and extracted
with 4× 1 ml diethylether. After evaporation of the ether the samples were re-
dissolved in 1 ml 2 % ethylacetate (EA) in isooctane (IO) and transferred onto
celite columns. Samples were extracted with pure IO, 2 % EA/IO, 10% EA/IO,
20 % EA/IO and 40 % EA/IO to separate different steroid hormones and re-
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move estrone (Wingfield & Farner 1975), which crossreacts (130%) with the
antibody used (E17-94, Endocrine Sciences). The fraction containing estradiol
(40% EA/IO) was dried and redissolved in 250 µl assay buffer.

100 µl of this sample was used to assess extraction efficiency by counting the
amount of radioactivity recovered. These individual recoveries were used for the
calculation of hormone levels (average recovery 55 %). Another 100 µl of sample
were used for the radioimmunoassay according to the methods of Wingfield and
Farner (1975). Parallelism of the standard curve and dilution curves of three
extracted samples was assessed and calculated according to Rodbard (1974).
All sample dilution curves were parallel by eye and their slopes did not differ
statistically from the standard curve (all p > 0.1). Sensitivity of the assay
(mean−2 standard deviations of the zero dose) was 4 pg/assay tube. Accuracy
of the assays was assessed by extracting and assaying a plasma pool of males
with undetectable levels of estradiol to which known amounts of estradiol had
been added in duplicate. 20 pg, 25 pg, 50, pg, 100 pg and 500 pg were recovered
as 22,pg (CV 67 %), 21 pg (CV 13 %), 53 pg (CV 17 %), 118 pg (CV 13 %)
and 522 pg (CV 1 %). The accuracy was high on average (105 %), but some
duplicates had high variability. No intra-assay variance could be calculated
from the female samples due to their small volume, but the accurate recovery of
known amounts and the parallelism of diluted samples with the standard curve
indicate that the method results in reliable estradiol measurements. While
the relative high variability reduces the power of detecting small differences it
should have little effect on our conclusions as we average in the analysis over a
large number of females.

Statistical analysis

Data were analysed in Excel 2000, SPSS 11.0 and MLWIN 1.10.0006. Hor-
mone data, clutch sizes, onset of laying and hatching time were not normally
distributed and were analysed non-parametrically by Mann-Whitney-U Test
(MWU-Test), Wilcoxon Signed Rank Test and Spearman rank correlations.
Egg weight, offspring weight and size and parental incubation behaviour were
normally distributed and analysed by parametric statistics (t-tests, ANOVA,
Pearson correlation).

Overall sex ratio, using the total numbers of male and female offspring pro-
duced, was analysed by the binomial test as in the study by Williams. In
addition, and more correctly, we tested brood sex ratio (average sex ratio over
all young of a female), offspring survival and weight in MLWIN 1.10.0006 by
hierarchical linear models (‘HLM’; Bryk & Raudenbush 1993) in a two level
model using individual offspring nested within broods. Non-significant inter-
actions and main factors with a p value > 0.1 were removed successively from
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the full models in a stepwise backward approach.

Binary data (offspring sex and survival) were transformed by the logit link
function and analysed assuming a binomial error distribution on the individual
level. Second order penalised quasilikelihood estimation was used (Goldstein
1995). Significance of fixed effects was tested using the Wald statistic, which
follows a χ2 distribution. Weight data were normally distributed and not trans-
formed and significance was tested with the t-distribution using the ratio of
estimate by standard error.

Results with an α < 0.05 (two tailed) were regarded as significant. Data are
shown as means ± standard error of the mean (SEM) unless stated otherwise.

Results

Effect of the treatment on plasma levels of 17-β-Estradiol

To establish whether our treatment resulted in elevated plasma levels we anal-
ysed blood samples on the day of the third injection and during the time of egg
laying. Median plasma estradiol levels on the day of the third injection were
not significantly higher in the estradiol group (n = 20 : 930 pg/ml, interquar-
tile range 1740 pg) than in the control group (n = 14 : 730 pg/ml, MWU-Test,
U =113, p = 0.6, interquartile range 2740 pg). There was no indication that
the time lag from injection to sampling had an effect on plasma estradiol levels
either in the control group (lag 2:45 h, n = 6; lag 4:15 h, n = 6: MWU-Test:
U =22, p = 0.8) or the estradiol group (lag 2:45 h, n = 9; lag 4:15 h, n = 11:
MWU-Test: U =48, p = 0.9). Also, sampling order had no effect on estradiol
levels (Spearman rank correlations: control group (n = 14): r = 0.18, p = 0.5;
estradiol group (n = 20): r = 0.074, p = 0.8).

On the day of laying the first egg median plasma estradiol levels in the
estradiol group (526 pg/ml, interquartile range 400,pg) were significantly higher
than in the control group (265 pg/ml, interquartile range 260 pg) (MWU-Test:
U =374, p < 0.05). There was no significant difference in the interval between
the last injection and the laying of the first egg and this interval was not
correlated with estradiol levels on the day of the first egg (Spearman rank
correlations: control (n = 27), r = −0.04, p = 0.8; estradiol (n = 44), r =
−0.13,p = 0.4). Plasma estradiol levels on the day of the third injection were
also not correlated with plasma estradiol levels on the day of laying the first
egg. (Spearman rank correlations: control group (n = 12), r = −0.32, p = 0.3;
estradiol group (n = 15), r = 0.13, p = 0.7).
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Figure 5.1: Brood sex ratios (% males) at the egg stage, at hatching and at
independence (day 40). Dots show sex ratios of individual broods,
bars the average brood sex ratio. Numbers below bars indicate
number of broods.

Effect of the treatment on sex ratio and sex specific mortality

The sex ratio of offspring surviving to independence was significantly female
biased in the estradiol treated group (34 sons, 56 daughters, binomial test,
p < 0.05; Figure 5.1) while in the control group no deviation from 50 % was
found (21 sons, 22 daughters, binomial test, p = 1; Figure 5.1). This confirms
the results of Williams with the same statistical test he used. We also tested
the effect on brood sex ratios more correctly in a hierarchical lineal model,
thus taking into account the nested relationship of siblings. In this model the
brood sex ratios of estradiol treated and control group were not significantly
different from each other at the egg stage (Waldχ2 = 0.6, p = 0.4), at hatch-
ing (Waldχ2 = 2.6, p = 0.1) or at independence (Wald χ2 = 1.5, p = 0.2;
Figure 5.1). There is thus no clear support for an effect of the treatment on
offspring sex ratio at egg laying, hatching or fledging. However, the fact that
a similar result has been obtained in two independent studies makes it in our
opinion worthwhile to further investigate the potential effect of maternal estra-
diol on offspring sex ratio.

We also analysed the effect of the treatment on sex differences in survival, a
more powerful way to detect sex specific effects as it makes use of the whole
data set and looks at the change in the number of sons and daughters over de-
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Figure 5.2: Averages of embryonic survival of sons and daughters in broods
of control and estradiol treated females in two batches (2000 and
2001). Numbers in brackets indicate number of broods.

velopment, while the analysis of sex ratios is restricted to the difference between
treatments at each developmental stage. Using the proper statistical approach
of the hierarchical linear model (HLM) there is clear support for an effect of the
treatment on sex specific survival during the embryonic stage (treatment×sex
interaction effect: Wald χ2 = 4.3, p < 0.05): daughters survived better than
sons in the estradiol-treated group, while the reverse was true for the control
group (Figure 5.2), resulting in a decrease in the sex ratio only in the estradiol-
treated group (Figure 5.1). During the nestling stage female nestlings tended
to survive less well than male nestlings in both groups, leading to a further
decrease of the sex ratio (sex effect: Waldχ2 = 2.8, p < 0.1, Figure 5.2).

There was a significant effect of the interaction of year and treatment on
nestling survival and on overall survival (survival during the embryonic and
the nestling phase combined: Waldχ2 = 3.9, p < 0.05): in 2000 both offspring
sexes of the control group survived better than those of the experimental group
(nestling and overall survival respectively: control: 57% and 35 %; estradiol:
38 % and 17 %) while it was the reverse in 2001 (nestlings and overall respec-
tively: control: 60 % and 39 %; estradiol: 80% and 60%). One reason for this
year difference may be that despite the random assignments of females to the
treatments, estradiol-treated females were lighter than control females even be-
fore the start of the treatment in 2000 whereas there was no weight difference
in 2001 (treatment×year interaction effect; t = 3.25, p < 001).
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Figure 5.3: Average hatching time ± SEM (days between laying and hatching
of an egg) in relation to the position of the egg in the laying order
and treatment. Numbers above graph indicate sample sizes.

Effect of the treatment on offspring development and
incubation behaviour.

The treatment most strongly affected embryonic survival of sons and daughters.
We therefore looked whether this might be related to sex specific effects of
the treatment on egg weights, offspring development or parental behaviour.
There was no overall effect of treatment on egg weight (HLM: control (n = 26
clutches), estradiol (n = 43 clutches); t = 0.5, p = 0.6) and no sex difference
in egg weights (t = 1., p = 0.2) and no interaction effect of treatment and sex
(t = 0.3, p = 0.8).

Treatment had an effect on hatching time: young from the estradiol treated
group hatched about half a day earlier than control young, hatching time being
calculated for each individual egg as the time between laying and hatching of
the egg (control (n = 18 clutches): median 14.1 (range: 13-19) days, estradiol
(n = 32 clutches): 13.7 (range: 13-18) days; MWU-Test, U =,177, p < 0.05;
Figure 5.3). There was no sex difference in hatching time when comparing
within clutch average hatching times of sons with daughters (n = 27, Wilcoxon-
Signed Rank Test: z = 0.9, p = 0.4).

Daily checks of egg temperature indicated that both groups started to incu-
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Figure 5.4: Correlation of average offspring weight on day 7 with maternal
plasma estradiol levels on the day of the first egg. Also shown are
the means ± SEM of estradiol levels and offspring weights.

bate at the same time, approximately when they had laid three eggs (Control
(n = 37 clutches): 3.6 eggs, estradiol (n = 56 clutches): 3.4 eggs, t = 0.68,
p = 0.5). Behavioural observations from the first year on incubation behaviour
of parents during the first ten days after injection gave no evidence that control
and estradiol-treated parents differed in the amount of time they were sitting
on the nest (repeated measures ANOVA, treatment: F1,22 = 0.01, p = 0.9,
treatment×day after injection: F10,22 = 0.63, p = 0.8).

After hatching, young of estradiol treated females were heavier than young of
the control group at day 7 during the rapid growth period halfway through the
nestling period (HLM: mean ± SEM: control (11 broods): 3.7±0.3 g; estradiol
(22 broods): 4.6± 0.2 g; t = 2.2, p < 0.05, Figure 5.4: see means ± SEM). The
same result was obtained in a model including egg weight, which significantly
affected offspring weight at day 7 (t = 2.1, p < 0.05). There was no effect of
sex (t = 0.8, p = 0.5) or of the interaction of treatment and sex on body mass
at day 7 (t = 0.2, p = 0.9). On day 40, offspring were measured only in 2001
and neither treatment nor sex nor their interaction had a significant effect on
offspring weights (HLM: control (n = 26 broods), estradiol (n = 43 broods):
treatment effect: t = 1.3, p = 0.2 sex effect: t = 0.3, p = 0.7; treatment×sex
interaction effect: t = 0.2, p = 0.9) or tarsus length at day 40 (treatment effect:
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t = 1.9, p = 0.07; sex effect: t = 1.9, p = 0.07, treatment×sex interaction effect:
t = 1, p = 0.3).

Effect of estradiol levels on survival, hatching time and
offspring weight

We also looked whether there was a direct relationship of plasma estradiol
levels during egg laying with the observed sex differences in survival, the faster
hatching time and early growth. This would support the idea that natural
variation in maternal estradiol could affect offspring sex ratios.

Plasma estradiol levels at the day of the first egg did not correlate with
offspring primary sex ratio (Waldχ2 = 0.1p > 0.6) and there was no interaction
effect of estradiol level and sex on embryonic survival (Wald χ2 = 0.9, p = 0.3).
There was no relationship between plasma estradiol levels at the day of the first
egg and average hatching time of clutches (Spearman rank correlation (n = 45):
r = −0.11, p = 0.5). Offspring weight on day 7 was positively associated with
plasma levels of estradiol on the day the first egg was laid (HLM, t = 3.8,
df = 27, p < 0.001, Figure 5.4) in both estradiol treated and control group.
There was no main effect of treatment (p > 0.8) and no interaction effect of
treatment and plasma estradiol levels on offspring weight at day 7 (p > 0.2).

Discussion

We were able to replicate the findings of Williams regarding the effect of treat-
ing female zebra finches with estradiol (Williams 1999). Overall, the estradiol
treated females produced significantly more daughters than sons at fledging
whereas the sex ratio in the control group did not differ from 50 %.

Williams suggested that the female biased offspring sex ratio of the estradiol
treated group at fledging was caused by higher nestling mortality of males
as he found significantly higher nestling mortality in this group. He could not
exclude the possibility of primary sex ratio adjustment or sex specific embryonic
mortality. We did not find an effect of the estradiol treatment on the primary
sex ratio. We did find that the estradiol treatment affected survival during the
embryonic stage in a sex specific manner, favouring survival of daughters over
sons.

In contrast to Williams’ study we did not find increased nestling mortality
in the estradiol treated group compared to the control group. Mortality in our
study might have been higher already during the embryonic stage because we
used birds without breeding experience while Williams used experienced birds.
The behavioural observations during incubation and the accidental selection of
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lighter females for the estradiol treated group in 2000 may be responsible for
the low nestling survival in the experimental group in 2000.

What could cause the sex difference in embryonic mortality? We consider
three possibilities in the following sections: Yolk hormones, other egg compo-
nents and parental behaviour.

Yolk hormones

The exogenous estradiol may have been transferred to the egg yolks (Adkins-
Regan et al. 1995). An indirect indication for elevated egg hormone levels in
the experimental group are the maternal plasma estradiol levels on the day
of the first egg which are likely to be reflected by hormone levels in the egg
(Adkins-Regan et al. 1995; Schwabl 1996a). These plasma levels were higher
in the estradiol-treated group at the time of laying the first egg and thus yolk
formation of at least the later laid eggs as yolk formation takes about 3 days
(Dijkstra et al. 1990; Daan et al. 1996). We expected that plasma levels
would have been higher on the day of the third injection in the experimental
group. However, estradiol is cleared from the circulation rapidly (Tsang &
Grunder 1984) so that plasma estradiol levels could be back to baseline within
3-4 hours at the time point we took blood samples. The higher estradiol levels
on the day of the first egg must then result from a feedback or priming effect.
Alternatively, the estradiol might be released slowly from the propanediol at
the injection site into the bloodstream, leading to higher plasma estradiol levels
in the estradiol treated group only by the time of egg laying.

In other bird species (Taber 1964; Adkins-Regan 1981) increased yolk estra-
diol in zebra finches negatively affected male sexual differentiation, leading to
feminisation of the testes (Wade et al. 1997). Male embryos produce very little
estradiol unlike females and may therefore not have evolved protective mech-
anisms against potential harmful effects of estradiol. One such harmful effect
may be the shortened period of embryonic development in offspring of estradiol
treated females. Also female birds can be negatively affected by exposure to
high levels of estradiol before hatching (Dawson 2000), in zebra finches at least
after hatching (Mansukhani et al. 1996; Millam et al. 2001). Females may be
less affected by increased estradiol levels than males since estradiol is required
for normal female embryonic development (Elbrecht & Smith 1992; Wade &
Arnold 1996).

Other egg components

Estradiol stimulates the production of yolk precursors in the liver and albu-
men in the magnum and can affect egg composition (Brant & Nalbandov 1956;
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Christians & Williams 1999). Albumen and its water content enhance embry-
onic protein synthesis and structural growth (Muramatsu et al. 1990; Finkler
et al. 1998). Interestingly, experimental reduction of albumen content is more
detrimental for female than male growth (Hill 1993). As yolk and albumen
mass were not determined we cannot exclude that differences in egg composi-
tion might have affected survival in a sex specific way.

Parental behaviour

Estradiol enhances broodpatch development (Hutchison et al. 1967; Jones
1971) and female nest building behaviour (Steel & Hinde 1972). Increased
heat transfer and better nest insulation may increase the speed of embryonic
development. If males and females differ in survival according to incubation
temperature or temperature fluctuation this might also lead to sex specific sur-
vival. We recorded the onset of incubation and parental incubation behaviour
during daytime observations and found no difference in relation to treatment.
We have thus no evidence that the effect of the estradiol treatment on hatching
time and sex specific survival might have been mediated by parental incubation
behaviour, but this possibility should be investigated in more detail.

In conclusion, our study shows that maternal estradiol can play a role in sex
allocation in the zebra finch, not by acting upon the primary sex ratio but by
affecting sex specific survival. It remains to be shown if estradiol is transferred
to the egg and causes the observed effects directly or if other egg components
or parental behaviour are responsible.
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