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Manipulating rearing conditions reveals developmental
sensitivity in the smaller sex of a passerine bird, the European
starling Sturnus vulgaris
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birds, great-tailed grackle Quiscalus mexicanus males are
91% heavier than females and have significantly
increased nestling mortality rates when resources de-
cline during postnatal development (Teather and
Weatherhead 1989). However, studies examining spe-
cies with small-moderate degrees of SSD find that the
smaller sex may be more sensitive to poor environ-
mental conditions (Bortolotti 1986, Oddie 2000,
Hipkiss et al. 2002, Råberg et al. 2005, Dubiec et al.
2006). Why these differences between species exhibiting
differential degrees of SSD occur is therefore a question
of considerable interest.

The purpose of the current study was to determine
whether experimentally decreasing maternal provision-
ing rates reveals sex-specific sensitivity in nestling
phenotype of a passerine with moderate SSD, the
European starling Sturnus vulgaris . In this passerine
species, SSD begins after hatching, where males have
higher growth rates than females during early deve-
lopment (Love et al. 2005) resulting in males being
larger and heavier than females by 7�8% as both
fledglings (Chin et al. 2005, Love et al. 2005, this
study) and adults (Cabe 1993, this study). These
combined traits make starlings good candidates for
testing sex-specific sensitivity in a species exhibiting
moderate SSD. We chose to examine three distinct
indicators of nestling sensitivity in starlings faced with
a reduction in maternal rearing ability. Firstly, we
examined morphological traits expected to be sensitive
to the quality of rearing conditions, namely body
mass, body size and flight feather growth (Oddie
2000, Hipkiss et al. 2002, Råberg et al. 2005). We
predicted that under stressful rearing conditions (being
raised by a feather-clipped mother), male nestlings
would be able to maintain investment in body mass
and structural size because the larger sons may be able
to effectively compete against their smaller sisters for
reduced parental resources.

Second, we examined a physiological indicator of
nestling sensitivity to decreased quality of the rearing
conditions by examining the immune response to
phytohaemagglutinin (PHA) injection given that
research supports the role of SSD in sex-specific
trade-offs in resource allocation to cell-mediated
immunity (CMI; Müller et al. 2003, Tschirren
et al. 2003, Chin et al. 2005, Dubiec et al. 2006,
although see Fargallo et al. 2002). We predicted that
females should maintain investment in this trait
whereas males would exhibit reduced CMI in
relation to the maternal treatment based on previous
results in this species (Chin et al. 2005). Finally, we
examined sex-specific mortality as an indicator of
sensitivity to poor rearing conditions. Although
traditional theory in highly SSD species predicts
that the larger sex should experience higher mortality

in the nest because of higher energetic demands
during growth (reviewed in Råberg et al. 2005), since
SSD is moderate in starlings (males are only 7�8%
larger than females both at fledging and as adults;
Cabe 1993, this study), we predicted that males
may be able to out-compete females under poor
rearing conditions and therefore expected female-
biased mortality.

Methods

Field site

This study was conducted from April to May, 2005 at
the Davistead dairy farm in Langley, British Columbia,
Canada (49810?N, 122850?W). The site consists of
approx. 250 nest boxes mounted on posts around
pastures and on farm buildings throughout the site. The



Growth, survival and immune responses of
nestlings

All nestlings were weighed and measured (exposed
culmen, meta-tarsus) at hatching and at 5, 10, 15 and
17 d of age in order to assess growth rates, calculated as
the change in body mass in grams, per day, per nestling
within the linear growth phase of post-natal develop-
ment (hatch to 10 d of age) and during the asymptotic
period (10 d to fledge; Ricklefs and Peters 1979). We
started measuring flattened wing cord at 10 d of age
when primary feathers began to appear and wing cord
at fledging (17 d of age) was used for analysis. Nestling
identity and subsequent age were tracked using non-
toxic food colouring and chick-specific feather clipping
until 10 days of age, at which time all chicks were
banded with metal bands (permit #10646) so that
individual nestlings could be identified. All nestlings
underwent a phytohaemagglutinin (PHA) test at 17�18
days of age as a means of evaluating the CMI in
individuals. We injected 50 mg of PHA (PHA-p,
Sigma) in 50 ml of sterile phosphate buffered saline
(PBS) subcutaneously with a 27 G needle into the right
wing-web (patagia) of each bird. Patagium thickness
was measured three times to 0.01 mm prior to and
again 24 hours after injection using a gauge micrometer
(The Dyer Company, model number 304�196). Cell-
mediated immune response to PHA was calculated as
the change in thickness of the wing-web prior to and
following injections as outlined in Smits et al. (1999).
Repeatability of both initial (r�0.92, PB0.001), and
final (r�0.88, PB0.001) measurements was high, and
we used mean values of the three measurements.
Finally, to assess parental provisioning rates, we
performed a 30 minute behavioral observation of each
nest box, per day, over three consecutive days using
spotting scopes when nestlings were aged 6�10 days.
Provisioning rates were calculated as the number of
feeds per chick, per hour of each parent based on the
mean brood size of the nest for the three-day observa-
tion period (Chin et al. 2005).

Molecular sexing

A small blood sample was collected on a piece of filter
paper from the nestlings at hatching, which was then
stored in a labeled tube and frozen at �20 C. Based on
techniques reported by Love et al. (2005), nestling sex
was determined using polymerase chain reaction (PCR)
amplification. DNA was isolated from the blood
samples using Insta-gene matrix (Bio-Rad Laboratories,
Hercules, California, Cat. No. 732-6030) following
the manufacturer’s protocol. PCR amplification was
carried out in a total volume of 10 ml and run using
the P2 (5?-TCTGCATCGCTAAATCCTTT) and CW

(5?-AGAAATCATTCCAGAAGTTCA) primers fol-
lowed by digestion with HAE III Enzyme.

Statistical data analysis

We used Analysis of Covariance (ANCOVA) to analyze
maternal treatment effects on maternal characteristics
(body mass, brood size, provisioning rates); maternal
treatment was included as a fixed factor and relevant
covariates (all PB0.05 when included in the analysis)
were included where necessary (i.e., original capture
date was included in the analysis of pre-treatment
maternal body mass, clutch size was included in the
analysis of brood size and original mass was included in
the analysis of post-treatment body mass change). We
used GLMM to analyze sex-specific effects of the
maternal treatment on nestling traits (growth, fledgling
body mass, fledgling tarsus, fledgling wing cord and





field study. Likewise, a study by Oddie (2000)
manipulating the degree of hatching asynchrony in
great tit broods Parus major (7% SSD), revealed that
late-hatched females suffered more in terms of growth
(mass, tarsus, wing) than late-hatched males. Finally,
Dubiec et al. (2006) recently reported that tarsus, but
not body mass, was more retarded only in female blue
tits in response to a brood enlargement manipulation.

We found no support for sex-specific sensitivity in
cell-mediated immunity (CMI) to a reduction in the
quality of the rearing environment. In the present
study, CMI in both sexes appeared similar and was in
fact more robust in fledglings raised under apparently
stressful conditions. In nestling birds, predictions of
how individuals should face trade-offs between the
immune system and growth have been based on the
hypothesized energetic costs of the development of
the immune system (Birkhead et al. 1999, Hõrak et al.
1999, Soler et al. 2003). During energetically stressful
periods, resources should theoretically be allocated away
from the immune system and towards other functions,
such as growth (Hõrak et al. 1999, Soler et al. 2003,
Chin et al. 2005, Dubiec et al. 2006). It has generally
been assumed that in sexually size-dimorphic species,
any resource allocation trade-off between growth and
the immune system should also be dependent on
nestling sex (Fargallo et al. 2002, Chin et al. 2005)



being higher male embryonic mortality and lower hatch
masses and growth in males but not females. Whereas
the present study examines how males and females
respond to an unexpected change in maternal quality
post-hatching, the results of Love et al. (2005)
potentially test how developmental trajectory is pro-
grammed as an embryo responds to a signal of
environmental or maternal quality. Sex-specific effects
of environmental variation on nestling development
therefore appear to be both context (i.e., brood size,
resource level, hatching order) and temporally (i.e.,
when during development they occur) specific. Future
studies are therefore needed that examine the effects of a
reduction in environmental quality on multiple off-
spring traits and at several developmental stages.
Following the sexes once they fledge will allow
researchers to examine the long-term effects of sex-
specific sensitivity on fitness.
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