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Summary

1.

 

Sex-biased mortality in adult vertebrates is often attributed to lower immunocom-
petence and higher parasite susceptibility of males. Although sex-specific mortality has
also been reported during growth, the importance of sex-specific immunocompetence
and parasite susceptibility in explaining male-biased mortality remains ambiguous in
growing individuals because of  potentially confounding sources of  mortality such as
sexual dimorphism.

 

2.

 

Here, we investigated sex-specific susceptibility to the blood-sucking louse fly

 

Crataerina melbae

 

 and sex differences in cell-mediated immunity in a bird species that
is sexually monomorphic both in size and plumage coloration at the nestling stage, the
Alpine Swift, 

 

Apus melba

 

.

 

3.

 

For this purpose, we manipulated ectoparasite loads by adding or removing flies to
randomly chosen nests in two years, and injected nestlings with mitogenic phytohae-
magglutinin (PHA) in another year.

 

4.

 

There were no significant differences between male and female offspring in immune
response towards PHA, parasite load, and parasite-induced decrease in growth rate.
Secondary sex ratios were however biased toward males in parasitized broods, and this
was explained by a greater mortality of  females in parasitized than deparasitized
broods.

 

5.

 

Our findings are in contrast to the widely accepted hypothesis that males suffer a
greater cost of parasitism. We discuss alternative hypotheses accounting for female-
specific mortality.
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Introduction

 

Although parity in sex ratios seems to be the norm at
conception, differential mortality between the sexes
during early stages of development and at adulthood
has been widely reported in mammals and birds (review
in Clutton-Brock 1991; Moore & Wilson 2002). A
major explanation for sex-specific mortality relies on
sexual difference in immune defence with, in a large
number of species including humans, males possessing
smaller immune defence organs (Møller 

 

et al

 

. 1998)
and mounting weaker humoral and cellular immune
responses in comparison with females (e.g. Grossman
1985; Moreno 

 

et al

 

. 2001; Fargallo 

 

et al

 

. 2002). The

‘immunocompetence-handicap’ of males is supposed
to arise from the circulation of androgenic hormones
such as testosterone, immunosuppressive molecules
that are necessary for the full expression of male sexual
secondary characters (Folstad & Karter 1992; Casto

 

et al

 

. 2001; Roberts 

 

et al

 

. 2004). An alternative hypo-
thesis postulates that immune responses are traded-off
against other energetically demanding processes, and
the greater male investment in sexual ornaments or in
size depresses immune function (Wedekind & Folstad
1994; Lochmiller & Deerenberg 2000; Rolff  2002; Zuk
& Stoehr 2002). Thus, sexual dimorphism in such
traits may lead to a sex-specific immunocompetence,
and thereby account for greater mortality of males, in
particular when exposed to pathogens and parasites.

In agreement with the prediction of the immuno-
competence handicap hypothesis that males suffer a
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greater cost of parasitism, a recent comparative study
in mammals showed that the greater parasite loads
found on adult males was associated with male-biased
mortality (Moore & Wilson 2002; see also Poulin 1996;
Zuk & McKean 1996; Schalk & Forbes 1997; Roberts

 

et al

 

. 2004). In contrast, current knowledge of sex-specific
effects of parasitism during growth and development is
scant, although such information would be important
for understanding how resources are allocated to male
and female offspring (Trivers & Willard 1973) and
how population dynamics is affected as a consequence
(Hudson & Dobson 1997; Ferrari 

 

et al

 

. 2004). To our
knowledge, the Great Tit, 

 

Parus major

 

, is the only spe-
cies in which the relative effect of parasites on male and
female offspring has been experimentally investigated
(Tschirren 

 

et al

 

. 2003). Simultaneous injection of
phytohaemagglutinin (PHA) and manipulation of flea
loads showed that male nestlings mount a lower T-cell-
mediated immune response and were more affected by
fleas than female nestlings. Because in the Great Tit
males are larger and more colourful than females,
males may have allocated more resources to growth
and production of colour pigments at the expense of
immunocompetence (Tschirren 

 

et al

 

. 2003). Correlative
studies in size monomorphic nestling Pied Flycatchers,

 

Ficedula hypoleuca

 

, suggest nonetheless that environ-
mental factors may interact with sex-specific suscepti-
bility to parasites. Indeed, these studies showed that
although male nestlings developed shorter tarsi than
female siblings in the presence of  mites in some years
(Potti & Merino 1996), the opposite result was found
in other years (Potti 1999; Potti 

 

et al

 

. 2002). More
works on sexual dimorphism in parasite susceptibility
are therefore required. To properly test whether the
greater male susceptibility to parasites is due to male
investment in large body size and ornament or to the
circulation of  male immunosuppressive hormones,
one needs to consider a model organism in which there
is no sexual dimorphism in size and ornaments (Sheldon

 

et al

 

. 1998). Such a model system is appropriate because
if  it appears that males are as susceptible to parasites
as females, it would provide support to the hypothesis
that the observation that males are usually more sus-
ceptible is due to the fact that they invest more resources
to develop a large body size and ornaments. In contrast,
if in such a model system males nevertheless appear to
be more susceptible than females, it would indicate that
independently of investment in body size and ornaments,
male-specific hormones are immunosuppressive.

In the present paper, we used the Alpine Swift, 

 

Apus
melba

 

, to investigate the difference of male and female
nestlings in susceptibility to a blood-sucking ectopar-
asite, the louse fly 

 

Crataerina melbae

 

 (Diptera; Hippo-
boscidae), and in cell-mediated immune response to
mitogenic PHA. The Alpine Swift is a monogamous
bird where both sexes invest equally in the reproduc-
tion and look similar (Arn 1960). Nestlings are sexu-
ally monomorphic in both size (Arn 1960; present
study) and plumage coloration (P. Bize, unpublished

results based on reflectance spectra), and hence any
sex-biased mortality cannot be explained by these two
factors (Teather 1987; Anderson 

 

et al

 

. 1993; Krijgsveld

 

et al

 

. 1998). Within colonies all nests are infested by

 

C. melbae

 

 (prevalence = 100%), and between 1 and 55
parasites are found per nestling (Roulin 

 

et al

 

. 1998).
This louse fly can impair its host development and
reproductive success as recently experimentally dem-
onstrated (Bize 

 

et al

 

. 2003a; Bize 

 

et al

 

. 2004).

 

Materials and methods

 

    

 

The Alpine Swift is a 90 g migrant insectivorous
apodiform bird that reproduces in colonies of a few to
several hundred pairs located in holes of cliffs or tall
buildings. One clutch of  one to four eggs (mean is 2·6)
is produced per year, and both parents incubate it for
approximately 20 days (Arn 1960). Parental care ceases
at fledging, which occurs at an age of 50–70 days (Arn
1960; Bize 

 

et al

 

. 2003a). Alpine Swifts are parasitized
by the blood-sucking louse fly 

 

C. melbae

 

 that feeds
exclusively on this species (Tella 

 

et al

 

. 1998). This 7 mm
long ectoparasite infests nestlings when they become
feathered (at about 10 days after hatching), and prefers
senior nestlings to junior nestmates (Roulin 

 

et al

 

. 2003).
Fieldwork was carried out between 2000 and 2002 in
two colonies located under the roofs of clock towers in
Bienne (47

 

°

 

10

 

′ 

 

N, 7

 

°

 

12

 

′ 

 

E; about 100 breeding pairs)
and Solothurn (47

 

°

 

12

 

′ 

 

N, 7

 

°

 

32

 

′ 

 

E; about 50 pairs),
Switzerland.

 

-  
 

 

Cell-mediated immunocompetence of Alpine Swift
nestlings was assessed in Bienne and Solothurn in
2002. For this purpose, we injected 0·1 mg of PHA
subcutaneously, dissolved in 0·02 ml phosphate-
buffered saline, in the left wing web of 25–42-day-old
(mean is 28) nestlings. To lessen stress caused by hand-
ling on nestlings and reduce measurement errors, we
did not inject the right wing web with PBS as a control
(Smits 

 

et al

 

. 1999). The dose of PHA used in this study
is similar to that used in numerous other studies of
free-living or captive birds (e.g. Smits 

 

et al

 

. 1999; Tella

 

et al

 

. 2001; Fargallo 

 

et al

 

. 2002; Roulin 

 

et al

 

. 2003;
Tschirren 

 

et al

 

. 2003). PHA is a mitogen agent leading
to local infiltration and proliferations of leucocytes,
which represents a special form of cell-mediated immu-
nity (McCorkle 

 

et al

 

. 1980; Corrier & DeLoach 1990).
The thickness of the wing web at the injection site was
measured by the same person (PB) four times in
sequence with a pressure-sensitive calliper (Mitutoyo
micrometer, #2046FB-60, Mitutoyo SA, CH-8902,
Urdorf, Switzerland) to the nearest 0·01 mm prior to
injection and 24 (range 

 

±

 

 1) h later. The difference
between mean wing web thickness before and 24 h later
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was used as an index of the T-cell-mediated immune
response (Smits 

 

et al

 

. 1999). The four successive measure-
ments demonstrated that our method of assessing T-
cell-mediated immune response is reliable (one-way

 



 

 to test for within-individual repeatability: 

 

r

 

 =
0·96, 

 

F

 

105,318

 

 = 105·63, 

 

P

 

 < 0·0001, 

 

n

 

 = 106; Lessells &
Boag 1987). We injected PHA in 61 nestlings belong-
ing to 26 broods in Bienne, and in 45 nestlings from 18
broods in Solothurn.

 

   

 

We manipulated ectoparasite load of  louse flies in
Solothurn in 2000 and 2001. Starting 10 days after
hatching, we created two groups of nests differing in
ectoparasite load by transferring louse flies from a
donor brood (referred to as ‘deparasitized brood’) to a
receiver brood (‘parasitized brood’). For this purpose,
nests with a similar clutch size (Pearson correlation,

 

r

 

 = 0·33, 

 

n

 

 = 39 pairs of nests, 

 

P

 

 = 0·04), hatching date
(

 

r =

 

 1·00, 

 

n

 

 = 39, 

 

P

 

 < 0·001), brood size 10 days after
hatching (

 

r =

 

 0·52, 

 

n

 

 = 39, 

 

P

 

 < 0·001), and ectopara-
site load 10 days after hatching (

 

r =

 

 0·45, 

 

n

 

 = 39,

 

P

 

 = 0·001) were matched in 20 and 19 pairs of nests in
2000 and 2001, respectively. For each pair of nests, we
extracted and counted ectoparasites discovered on the
body of  all nestlings, and then put all ectoparasites
only in the nest that was randomly assigned to the
‘parasitized’ treatment, the other nest being kept
‘deparasitized’. Because deparasitized nests were fre-
quently reinfested by mobile 

 

C. melbae

 

, the ectopara-
site load was manipulated every 5 days until nestlings
were 50 days old. After 20 days of  age, nestlings start
to invade neighbouring families and are frequently
adopted by foster families (Arn 1960; Bize 

 

et al

 

. 2003b).
Mean distance between nests is 94 

 

±

 

 1·7 cm (range:
15–400 cm). To prevent adoption, all nests were checked
daily between 20 and 50 days after hatching, and each
nest-switcher was returned to its natal nest immediately
after its discovery (Bize 

 

et al

 

. 2003b). Nestlings were
measured (body mass and wing length) each time we
manipulated ectoparasite load. We calculated wing
loading of 50-day-old nestlings as the ratio of body mass
to wing length (Martins 1997; Antonov & Atanasova
2003).

 

 

 

A blood sample was taken from nestlings 10–20 days
after hatching, and stored in EDTA buffer at 

 

−

 

20 

 

°

 

C
before analysis. The sex of  nestlings was determined
from blood cell DNA, using polymerase chain reac-
tion (PCR) amplification of the 

 

CHD

 

 genes (Ellegren
1996; Griffiths 

 

et al

 

. 1998). All nestlings injected
with PHA were successfully sexed. In the experiment
of ectoparasite load manipulation, 28 of the 31 (90%)
parasitized nestlings and 20 of the 23 (87%) deparasitized
nestlings that died between 10 and 50 days after hatch-
ing were sexed. All fledglings were successfully sexed.

 

 

 

Difference between the sexes in cell-mediated immuno-
competence was analysed with a mixed-model 

 



 

,
where sex was included as a fixed factor, nest as a
random factor, and body condition (calculated as the
residuals of  a linear regression of  log-transformed
body mass on log-transformed wing length) as a covari-
ate. We controlled for body condition in this analysis
because this trait is often associated with the immune
response towards PHA in a number of species (review
in Alonso-Alvarez & Tella 2001). We analysed effects
of  our parasite load manipulation on nestling ecto-
parasite load, body size and mortality using mean brood
values. Because broods raised by the same parents
in different years are not independent values, we
solved this statistical problem (i.e. pseudo-replication;
Hurlbert 1984) by including in our analyses only the
first breeding attempt for pairs that were manipulated
in more than 1 year. This reduced our sample size from
78 to 65 experimental broods. Effects of our experiment
on ectoparasite load and the size of male and female
offspring were analysed with mixed-model nested

 



 

s. Treatment and sex were included as fixed fac-
tors, and nest was included as a random factor nested
within treatment. Hatching rank of  nestlings was
also included as a fixed factor since, within nests, the
last-hatched nestling (assigned to the category ‘junior’)
was already shown to bear fewer ectoparasites than
its first-hatched nestmates (category ‘senior’) (Roulin

 

et al

 

. 2003). The number of louse flies found on nest-
lings between days 10 and 50 after hatching was averaged
and then log transformed to fit a normal distribution.
The latter value was used in the statistical tests. Although
pair-wise comparisons between males and females born
in the same nest would have allowed the use of  more
powerful statistical tests (e.g. repeated-measures 

 



 

),
we preferred the use of mixed-model and nested 

 



 

s
because many broods contained nestlings of one sex
only (27 out of 65 broods). However, the use of pair-
wise comparisons using a subsample of the nests gave
similar results; and for the sake of clarity we report only
results of the mixed-model and nested 

 



 

s. Analyses
of  variances were carried out with the statistical soft-
ware JMP IN 4·0 (Sall & Lehman 1996).

Effects of ectoparasite load manipulation on sex ratios
at fledging and mortality rates were investigated using
logistic regression analyses with binomial errors and a
logit link function, using the statistical software GLMStat
(Beath 1997). Sex ratios at fledging were analysed
taking the number of sons in a brood as the dependent
variable and number of sexed nestlings (i.e. brood size
10 days after hatching) as the binomial denominator.
Nestling mortality was analysed separately for each sex
taking the number of male or female nestlings that died
during the course of the experiment as the dependent
variable and brood size 10 days after hatching as the
binomial denominator. Because sex-specific mortality
may be influenced by brood sex composition, we examined
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male and female mortality rates by separately consider-
ing 10-day-old broods containing only males (

 

n

 

 = 12),
only females (

 

n

 

 = 15) and both sexes (

 

n

 

 = 38, hereafter
denoted as ‘mixed-broods’). We also examined the
effect of hatching date and brood size 10 days after
hatching on male and female mortality rates.

Our ectoparasite load manipulation affected the
body size and mortality rate of nestlings in years 2000
and 2001 similarly (treatment by year interactions, all

 

P

 

-values > 0·12) and, as a consequence, data of 2 years
were pooled for statistical analyses. Mean values are
quoted 

 

±

 

 1 SE, statistical tests are two-tailed, and

 

P

 

-values smaller than 0·05 considered significant.

 

 

 

Our manipulation of  ectoparasite load and PHA
injections were performed under the legal authorisation
of  the veterinary services of  the Canton Solothurn
and Bern (licence nos 27023 and 54/02). Although
our experiment was to add parasites to nests already
naturally infested, the number of ectoparasites per para-
sitized nestling remained within the natural range of
infestation, as observed in previous years in Solothurn
and other Swiss colonies (Roulin 

 

et al

 

. 1998; Bize 

 

et al

 

.
2003a; P. Bize, personal observation). In the Alpine
Swift, nestling mortality can be extremely high, since
Arn (1960) observed mortality rates ranging between 5
and 98% in Solothurn. In 2000 and 2001, the mortality
induced by our experiment was similar to those observed
in other Swiss colonies in the same years (Swiss Orni-
thological Station, personal communication).

 

Results

 

-  
 

 

The inflammatory response towards PHA was similar
in male and female nestlings (mean PHA response
of males 

 

vs

 

 females: 1·16 mm 

 

±

 

 0·09 mm 

 

vs

 

 1·07 mm 

 

±

 

0·11 mm; mixed-model four-way 

 



 

, sex: 

 

F

 

1,58

 

 =
0·28, 

 

P

 

 = 0·60), and in junior and senior nestmates
(rank: F1,58 = 0·18, P = 0·67; rank × sex: F1,58 = 0·005,
P = 0·95). PHA response increased with higher body
condition (F1,60 = 4·05, P = 0·05), and differed signi-
ficantly among nests (F43,58 = 1·73, P = 0·03). There was
no relationship between the age of nestlings and their
response towards PHA (r = –0·16, n = 44, P = 0·29),
and thus this factor was excluded from our final model.

    
    
  

Parasite prevalence was 100% in both treatments, but
the number of  louse flies was significantly lower in
deparasitized than parasitized broods (3·9 ± 0·6 vs
13·0 ± 1·0 louse flies per nestling; mixed-model nested

four-way , treatment: F1,52 = 30·06, P < 0·0001).
A significant part of the variance was explained by the
factor ‘nest’ (F52,54 = 6·42, P < 0·0001). Ectoparasites
were evenly distributed on male and female nestlings
(8·2 ± 1·1 louse flies per male nestling vs 7·1 ± 1·0 louse
flies per female nestling; sex: F1,54 = 0·34, P = 0·56;
treatment × sex: F1,54 = 0·43, P = 0·51). As demon-
strated elsewhere (Roulin et al. 2003), senior nestlings
bore more ectoparasites than junior nestmates (F1,54 =
10·69, P = 0·002).

      


Table 1 shows that, at the start of the experiment, there was
no difference between treatments and sexes in nestling
body mass and wing length. Forty days later, male and
female nestlings were still similar in size in both parasit-
ized and deparasitized broods, although our manipula-
tion of ectoparasite loads significantly decreased wing
growth rate. Thus, louse flies affected wing length and body
mass to a similar extent in males and females, as suggested
by the absence of a significant treatment by sex interac-
tion. Parasitized nestlings had on average 3% shorter
wings than deparasitized ones at 50 days after hatching.

     
     


Fifty days after hatching, the proportion of male fledg-
lings per brood was significantly different between the
two treatments (F1,52 = 4·07, P = 0·049), with 1·7 times
more males at fledging in parasitized compared with
deparasitized broods (Fig. 1). Secondary sex ratios
were biased toward males in parasitized broods (G-
test, G = 4·82, P = 0·045; Fig. 1), but did not deviate
significantly from 1:1 sex ratio in deparasitized broods
(G = 1·56, P = 0·32; Fig. 1).

Effect of  treatments on secondary sex ratios is
explained by a greater female mortality in parasitized
than deparasitized broods (Table 2; Fig. 2a). Interest-
ingly, in both treatments female nestlings died more
often in broods containing at least one male sibling
compared with broods containing only female siblings
(Table 2; Fig. 2a). Male nestlings died as often in broods
containing only males as in mixed-broods (Table 2;
Fig. 2b). Male mortality was higher in larger broods,
whereas no such effect of brood size could be detected
in female mortality (Table 2). Broods hatching late in
the season suffered a stronger mortality than those
hatching earlier (Table 2). Junior nestlings were more
likely to die than their senior nestmates (logistic regres-
sion, rank: Wald χ2 = 8·57, P = 0·003). Juniors died as
frequently in parasitized as in deparasitized broods
(logistic regression, treatment: Wald χ2 = 0·65, P = 0·42),
and in both treatments their mortality rate did not
differ between the sexes (sex: Wald χ2 = 0·11, P = 0·74;
treatment × rank: Wald χ2 = 1·78, P = 0·18).
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Discussion

    
   


Although intersexual difference in immune defence
has been frequently reported in adult organisms (e.g.

Fig. 1. Mean (SE) proportion of males per brood at 50 days after
hatching in relation to the manipulation of ectoparasite load.

Fig. 2. Mean (SE) mortality in percentage of female (a) and
male (b) nestlings in broods containing either a single sex or
both female and male nestlings in relation to the manipulation
of ectoparasite load. Open bars represent deparasitized broods,
and closed bars parasitized broods. Sample sizes are indicated
above the bars.
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Grossman 1985; Møller et al. 1998; Moreno et al. 2001),
we found no difference between the sexes in the cell-
mediated immunity of growing Alpine Swifts. Similar
results were found in the cell-mediated immunity of
nestlings in American Kestrel Falco sparverius (Tella
et al. 2000), Barn Swallow Hirundo rustica (Saino et al.
2002), White Stork Ciconia ciconia (Jovani et al. 2005)
and Magellanic Penguin Spheniscus magellanicus
(Tella et al. 2001), and in cell and humoral immunity
of Barn Owl Tyto alba nestlings (Roulin et al. 2000; A.
Roulin, unpublished results). To the best of our know-
ledge, sex differences in immune defence at the nestling
stage have been reported in broods of Eurasian Kestrels
F. tinnunculus, Black-Headed Gulls Larus ridibundus
and Great Tits, with male offspring mounting a lower
cell-mediated immune response than females (Fargallo
et al. 2002; Müller et al. 2003; Tschirren et al. 2003). In
Alpine Swift, the absence of  sex-related differences
in cell-mediated immune response at the nestling
stage could be due to the fact that offspring have not
yet developed a fully matured immune system, hiding
potential differences between the sexes (Apanius 1998).
Alternatively, the immune system can be affected by
environmental conditions (Christe et al. 2000) and,
although immunocompetence did not differ between
sexes in 2002, it cannot be excluded that heavy infesta-
tions differentially affected the ability of male and female
offspring to raise an immune response in 2000 and
2001. We found, however, no difference in the number
of  louse flies per male and female nestlings in 2000
and 2001. Finally, difference between sexes in immune
responsiveness could arise only at adulthood because
sexual dimorphism in circulating hormones occurs
during sexual and reproductive activities or because
the two sexes face different trade-offs between immune
defence and costly sexual and reproductive activities
(Zuk & Stoehr 2002). Alpine Swifts do not differ dur-
ing growth in size and plumage coloration between the
sexes (present study; P. Bize, unpublished results), and
adults are socially monogamous (Arn 1960). Thus,
males and females may have similar resources alloca-
tion in immune defence and, as a consequence, have
similar immunocompetence. The similar distribution

of louse flies between the sexes in nestling (present
study) and adult (Tella & Jovani 2000) swifts supports
this hypothesis.

    
 

Sex difference in parasite intensity is common at adult-
hood, with males being usually more infested than
females (Poulin 1996; Zuk & McKean 1996; Schalk &
Forbes 1997; Moore & Wilson 2002). In the present
study, we compared the ectoparasite load between the
sexes at the nestling stage, and found no difference of
infestation between male and female Alpine Swift
nestlings. Along the same line, a similar number of
ectoparasites was reported on the body of male and
female offspring in the Barn Owl, and ectoparasites
were also similarly fecund when collected on male and
female nestmates (Roulin et al. 2001). At least two
hypotheses can explain a lack of sex-biased infestation.
First, ectoparasites do not attack one sex preferentially
because male and female nestlings display a similar
immune response, as found in Alpine Swifts (present
study) and Barn Owls (Roulin et al. 2000). Second, the
within-brood distribution of ectoparasites is governed
by other factors than the immunocompetence of
their hosts (Roulin et al. 2003; Valera et al. 2004). For
instance, the blood-sucking louse fly C. melbae attacks
senior nestlings more often than junior ones, and
avoids newly hatched and non-feathered nestling hosts
(Roulin et al. 2003). Thus, one hypothesis accounting
for the within-brood distribution of louse flies is that
host variation in feather development plays a more
important role than host variation in immune defence,
with hosts becoming similarly infested as they become
similarly feathered (Roulin et al. 2003).

    
    


Potti & Merino (1996) have proposed that ‘parasites
may interact with both host hormones and the host

Table 2. Proportion of dead female and male nestlings in a brood in relation to the manipulation of ectoparasite load, brood
sex composition, brood size and hatching date. Results are from logistic regression analyses with binomial errors and a logit link
function. All interactions were non-significant (all P > 0·30), and are thus not reported in the table
 

 

df F-ratio P Difference

Female mortality
Treatment 1,48 4·98 0·03 Greater mortality in parasitized broods
Brood sex composition 1,48 7·96 0·008 Greater mortality in mixed-sex broods
Brood size 1,48 0·47 0·50
Hatching date 1,48 5·48 0·02 Greater mortality in late hatched broods

Male mortality
Treatment 1,45 0·01 0·92
Brood sex composition 1,45 0·00 0·95
Brood size 1,45 6·24 0·02 Greater mortality in large broods
Hatching date 1,45 6·02 0·02 Greater mortality in late hatched broods
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immune system to cause sexual size dimorphism in
young animals’. To back up this proposition, they
observed that, under natural situation, male Pied Fly-
catchers grew shorter tarsi than females in the presence
of mites (Potti & Merino 1996). Similarly, in Great Tits,
experimental manipulation of ectoparasite load had a
stronger effect on the development of male than female
offspring (Tschirren et al. 2003). Here, we found that,
although experimentally parasitized Alpine Swift nest-
lings had shorter wings at 50 days after hatching, the
detrimental effect of louse flies was similar in the two
sexes. Discrepancy between the effect of parasites on
Great Tit and Alpine Swift nestlings may arise because
sexual dimorphism in size and coloration is present in
Great Tit nestlings but not Alpine Swifts. At the nes-
tling stage, male Great Tits are already larger and more
colourful than females (Tschirren et al. 2003) and, as
consequence, may suffer a higher cost of  parasitism
due to higher energy requirements associated with a
large body size (Teather 1987; Anderson et al. 1993;
Krijgsveld et al. 1998), or to the utilization of  sex-
specific metabolites (Martins 2004) in the expression
of plumage traits.

     
-  

The immunocompetence handicap hypothesis
(Folstad & Karter 1992) predicts a greater mortality of
parasitized male than female organisms. In contrast to
this hypothesis, our results show that in Alpine Swift
females suffered a greater mortality in comparison
with males when raised in parasitized broods, biasing
sex ratios at fledging toward males. The proportion
of  males per brood at fledging was 1·7 times greater
in parasitized than deparasitized nests. At least three
mechanisms can account for this female-biased
mortality in parasitized broods.

First, females may be physiologically less resistant
to parasites than males because of  sex differences in
immunity or nutrient requirements (Martins 2004), and
in turn suffer to a higher extent the detrimental effects
of parasites. We found no support for this hypothesis
because females were not more intensely attacked than
males by louse flies and, more importantly, did not reach
a smaller size in comparison to males in parasitized
than deparasitized broods. There was also no difference
in cell-mediated immunity between the sexes (note,
however, that the assessment of immunocompetence was
carried out in a different year from the ones when we
assessed the effect of parasites on sex-specific mortality).

Second, in birds, females are heterogametic (ZW),
and the possession of heterologous sex chromosomes
may predispose them to higher mortality rates, because
of  their higher exposure to deleterious sex-linked
recessive alleles (Trivers & Willard 1973; Myers 1978).
Although such alleles are probably not involved in
parasite resistance, their effects might be particularly
harmful in poor environments, predicting an increase

in female mortality rates under harsh rearing condi-
tions such as heavy infestation (Trivers & Willard 1973;
Myers 1978). Even if  deleterious sex-linked recessive
alleles are relatively rare (Crow 1997; Giannelli & Green
2000), we cannot exclude that heterogameity contrib-
uted to the female-biased mortality of  Alpine Swift
offspring when faced with a high degree of ectoparasite
infestation (see also De Kogel 1997).

Finally, male and female offspring may differ in the
amount of food they obtain through sibling competition,
or are given by parents. Parasites are known to alter
sibling competition (Christe et al. 1996) and reproduc-
tive effort of parents (Christe et al. 1996; Bize et al. 2004),
which in turn can change the allocation of  resources
towards male offspring if, for instance, sons are more
aggressive and out-compete their sister when competi-
tion is intense, or if  parents favour male nestlings when
conditions deteriorate (Martins 2004). Accordingly,
we found that female nestlings had a very low mortal-
ity rate between day 10 and 50 after hatching (6%) in
deparasitized broods containing females only, whereas
they suffered a very high mortality rate (53%) when
competing for food with brothers in parasitized broods
(Fig. 2a). It suggests that female-biased mortality in
parasitized Alpine Swift nestlings might be mediated
by sibling competition and/or parental favouritism.
Future experiments should focus upon sex-specific dif-
ferences in behaviour and competitiveness of Alpine
Swift offspring, as well as upon how parental and off-
spring behaviour interact in their effect on secondary
sex ratio (see also Martins 2004).
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