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mediated immunity of black-headed 
gull chicks (Larus ridibundus) 
depend on the hatching order 
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Abstract Hatching asynchrony in avian species leads to age and size 
differences between nestlings within a brood, handicapping 
last-hatched chicks in the sibling rivalry. Starvation due to 
this competitive disadvantage has been regarded as the 
primary cause of an increase in mortality with hatching 
order. However, for gulls it also has been suggested that 
disease is the cause of mortality for last-hatched chicks, 
possibly through reduced immunocompetence and thereby 
an enhanced susceptibility to infection. In addition, the 
male-biased mortality reported for several gull species may 
be related to a higher vulnerability to diseases in males 
compared to females. 
To determine the potential influence of the immune system 
on these mortality patterns, we investigated the T-cell-
mediated immunity (CMI) of black-headed gull chicks in 
relation to hatching order and sex. We found a significant 
decrease in the CMI with hatching order. This result may be 
causally related to systematic changes in maternal yolk 
steroids and carotenoids within the laying sequence. For 
second-laid eggs, male CMI was significantly lower than 
female CMI. This is possibly linked to higher plasma levels 
of testosterone in male embryos which might have an 
immunosuppressive effect. If so, this effect is masked in 
eggs of either high (first egg) or low (last egg) quality. 
Chicks with low CMI showed enhanced mortality rates. 
Thus the differences in immune response are likely to 
contribute to the observed mortality patterns. However, 
hatching order significantly affected mortality 
independently of CMI, suggesting that competitive 
disadvantage due to hatching asynchrony is also important. 
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Introduction 
Asynchronous hatching has been reported for a variety of bird species and leads 
to a size and age hierarchy between the nestlings and to reduced survival of 
later-hatching chicks (Clark & Wilson 1981, Slagsvold 1986, Stockland & 
Amudsen1988, Magrath 1990). Gulls (Laridae) typically lay a three-egg clutch 
that hatches asynchronously, with an increased mortality for the last-hatched 
chick (e.g. Parsons 1975a, Griffiths 1992, Royle 2000). This mortality pattern is 
commonly explained by starvation due to the competitive disadvantage suffered 
by the last-hatched chick. However, Parsons (1975b) showed for the herring gull 
(Larus argentatus) that chicks from last-laid eggs suffered higher mortality even 
when placed in the first hatching position. Similarly, Hario and Rudbäck (1996, 
1999) suggested that the primary cause of mortality for last-hatched chicks in the 
lesser black-backed gull (Larus fuscus fuscus) was an enhanced susceptibility to 
infections, since neither supplementary feeding nor access to food changed the 
mortality pattern (Hario & Rudbäck 1996, 1999). Both studies suggest that 
factors other than a disadvantage in competing for food reduce the survival 
probabilities of last-hatched chicks. 
Mortality rates, particularly for the last-hatched chick, are highest during the 
first week of life (Bolton 1991, Royle 2000) and maternal effects may have a 
direct influence on this mortality pattern. Variation in egg size within a clutch is 
one form of differential maternal investment that might affect survival 
probabilities (Williams 1994). In the Laridae, egg size typically correlates with 
position in the laying order (Parsons 1975b, Reid 1987, Royle et al. 1999, 
Groothuis & Schwabl 2002). However, eggs may change over the laying 
sequence not only in size, but also in their contents (e.g. Royle 1999). Two egg 
components, yolk carotenoids and yolk androgens, may be of special 
importance. They are believed to influence immunocompetence and recently 
have been shown to vary with the laying sequence in two gull species, including 
our own study species (Larus ridibundus) (Royle et al. 1999, Royle et al. 2001, 
Eising et al. 2001, Blount et al. 2002, Groothuis & Schwabl 2002). 
Yolk carotenoids decrease within the laying order (Royle et al. 2000, Blount et al. 
2002). These antioxidants play an important role in deactivating free radicals and 
thereby reduce deleterious effects on the immune response (Royle et al. 2001). 
Reduced concentrations of carotenoids in last-laid eggs therefore might cause 
enhanced oxidative stress in chicks hatching from these eggs (Royle et al. 2001, 
von Schantz et al. 1999). This could be particularly important in the first week of 
life since hatching is highly stressful (Royle et al. 1999) and there is little 
assimilation of antioxidants from food at this stage (Surai 1999). The importance 
of carotenoids for immunity is supported by recent data, which show that they 
have a positive effect on T-cell-mediated immunity (CMI) (Blount et al. 2003). 
In contrast, yolk androgen concentrations increase with laying order in gulls 
(Royle et al. 2001, Eising et al. 2001, Groothuis & Schwabl 2002). High androgen 
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concentrations positively affect competitiveness and growth of the chick 
(Schwabl 1993, 1996, Eising et al. 2001), and therefore the allocation pattern over 
the laying sequence has been proposed as a compensatory mechanism for 
detrimental effects of hatching asynchrony (Schwabl 1996, Lipar & Ketterson 
2000, Eising et al. 2001). Androgens may entail a cost due to their 
immunosuppressive effects (Folstad & Carter 1992, Ketterson & Nolan 1999, von 
Schantz et al. 1999, but see also Hasselquist et al. 1999), and this may also apply 
to yolk androgens that potentially affect the immune system during embryonic 
development. 
Male-biased mortality during the nestling phase has previously been reported 
for two gull species (Sayce & Hunt 1987, Griffiths 1992, Nager et al. 2000a). It 
occurs early in the nestling period, when sexual size dimorphism is not yet 
sufficient to generate differences in food demand (Nager et al. 2000a, W. Müller 
unpubl. data). Therefore, male-biased mortality might be explained by a factor 
unrelated to this, such as a higher vulnerability to diseases. Again, androgens 
could be causally involved since male embryos have higher plasma levels of 
testosterone (Woods et al. 1975).   
In order to investigate the role of the immune system in determining the 
observed mortality patterns, we studied CMI in newly hatched black-headed 
gull chicks in relation to hatching order and offspring sex. CMI is one of two 
branches of the avian immune system (reviewed by Norris & Evans 2000), but 
since the second branch (the humoral response) is not yet developed in young 
hatchlings (Apanius 1998), early immune function depends much more strongly 
on CMI.  
In general, CMI is an important factor in resisting intracellular infections 
(Bowry, 1984), and is positively associated with nutritional conditions (reviewed 
by Alonso-Alvarez & Tella, 2001) and with the probability of survival (Christe et 
al. 1998, Merino et al. 2000, Tella et al. 2000). Furthermore, CMI is affected by 
both androgens (Duffy et al. 2000) and carotenoids (Blount et al. 2003) 
 
Material and Methods 
(a) Species and study area 
Black-headed gulls are monogamous, colonial breeders. During the breeding 
season they defend small territories within the colony, where nest building and 
egg-laying take place. A clutch typically consists of three eggs, laid over a period 
of three to six days (Cramp & Simmons 1983). On average the eggs are incubated 
for about 23 days and subsequently hatch over one to four days. The young 
fledge at roughly 28 days of age (Glutz von Blotzheim & Bauer 1982). Both 
parents participate in incubation and in delivering food to the young, mainly in 
the form of shrimps, earthworms and small fish.  
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During 2001 and 2002 we studied black-headed gulls in three different (sub-) 
colonies (one colony in 2001, two closely neighbouring sub-colonies in 2002) on 
the north coast of the Netherlands. Each colony contained 180-250 breeding 
pairs. 
 
(b) Laying and hatching order 
In 2002, nests were visited daily during the period of egg laying (May-July). 
Freshly laid eggs were marked with a non-toxic marker to record the position in 
the laying order and date of laying. In 2001 we were unable to begin working in 
the colony until after laying had taken place and therefore could not assess 
laying order within the clutches. However, laying order and hatching order are 
strongly correlated. In only nine out of 84 nests (214 chicks) with known laying 
order in 2002, two or more chicks hatched so close in time to each other that the 
position in the hatching order could not be distinguished on the basis of daily 
visits. However, in none of these 84 nests chicks passed their siblings in hatching 
according to the laying order, and nests with indistinguishable hatching order 
were excluded from the analysis in both years. Clutches in 2001 from which not 
all chicks hatched were also excluded since we could not determine the position 
of the chick that failed to hatch, and therefore the hatching order of the entire 
clutch was unknown.  
Prior to hatching, nests that were selected for immunological challenge were 
surrounded by small enclosures of opaque mesh with a diameter of 1.5 m and a 
height of 30 cm. These enclosures facilitated finding back the chick. The 
enclosure around a nest was removed when the last-hatched chick was 10 days 
old. During the hatching period, nests were checked once a day and chicks were 
color-marked on their egg tooth with a non-toxic marker as soon as the bill was 
visible (pipping stage), to indicate hatching position. On the day of hatching 
(day 0), chicks were individually marked with small, numbered rings to allow 
subsequent identification. For a subset of nests, chick body weight was 
measured to the nearest 0.5 g on the day of hatching and on the two subsequent 
days of the immune challenge, to investigate the growth pattern. All nests were 
visited daily until the last-hatched chick was 10 days old (i.e. seven days after 
the final measurement) to determine whether there had been any mortality. This 
time span was chosen to ensure that any mortality was not due to the sexual size 
dimorphism that appears after about 14 days. 
 
(c) Offspring immunocompetence 
We measured CMI in vivo by challenging the immune system with an injection 
of phytohemagglutinin (PHA). PHA is a mitogen that produces a local swelling 
due to a prominent perivascular accumulation of T lymphocytes followed by 
macrophage infiltration (Smits et al., 1999). This technique is considered to be a 
reliable method of measuring CMI (reviewed by Norris & Evans 2000). 
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We injected intradermally 0.04 ml of 1 mg ml–1 phytohemagglutinin-P (Sigma©) 
dissolved in phosphate-buffered saline (PBS) into the ball of the foot one day 
after hatching (day 1). If conditions were unfavorable for chick survival (e.g. 
rainy weather) we postponed the injection for a maximum of one day. The 
height of the ball of the foot (the distance between the base of the hind toe and 
the top of the ball when holding the foot at an angle of 90° to the tarsus) was 
measured three times with a sliding caliper (to the nearest 0.05 mm).  Although 
this measurement includes changes due to tarsal growth, such growth cannot 
explain the CMI we measured. In 2002, mean skeletal growth between days 1 
and 2 in this part of the tarsus for a subset of uninjected chicks was 0.06 +/– 0.005 
mm, whereas the mean response in our study was 0.48+/–0.04 mm. Thus, we use 
the measurement as an indicator of a chick’s CMI. 
Three repeated measurements were taken just prior to injection (initial), and a 
further three 24 h (+/– 1 h) after injection (final). We used the mean value of the 
three measurements for analysis, the repeatability (Lessells & Boag 1987) of the 
first and last measurement of the initial and final measurement being > 0.96 (F20, 

155>53.07, p<0.001 in both cases). The difference between initial (pre-injection) and 
final (post-injection) measurements was used as the response estimate (Smits et 
al. 1999), subsequently called CMI. We measured the CMI in this way for 176 
nestlings from 79 different clutches (2001: 50 nests, 124 chicks; 2002: 29 nests, 52 
chicks). 
 
(d) Molecular sex identification 
From each hatchling we collected a drop of blood (about 20 µl) by venepuncture. 
About 1 µl of this blood was used for Chelex® resin-based DNA extraction 
(Walsh et al. 1991), and 2 µl of the resulting DNA solution was used in a 
polymerase chain reaction (PCR) to amplify a part of the CHD-W gene in 
females and the CHD-Z gene in both sexes (for details see Griffiths et al. 1998). 
The amplified products were separated in 2.5% agarose gels containing 0.005% 
ethidiumbromide and subsequently visualized under UV light. Based on the 
presence of the PCR-products, hatchlings were identified as male (CHD-Z gene 
product only) or female (CHD-Z gene and CHD-W gene products). The 
reliability of this method was tested with 13 female and 24 male adult birds from 
our aviaries, yielding a 100% correct match. 
 
(e) Statistical analyses 
The CMI data were analyzed using hierarchical linear modeling in the MLwiN 
program, version 1.1 (Rasbash et al. 2000). This method allows analyses of 
variance and analyses of covariance to be performed using unbalanced data, 
taking into consideration the nested relationship of different chicks in a nest and 
controlling for multiple (independent) variables. Where two variables were 
correlated, we used the residuals of one factor on the other to avoid the problem 
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of collinearity. Significance was based on a two-tailed t-test. Only variables that 
contributed significantly (α ≤ 0.05) to the model were retained. Posthoc analyses 
were performed for sub-samples using the same program.  
In our first analysis (Model 1, 176 chicks, 79 nests) the effect of the following 
variables on CMI was tested in a backwards-elimination procedure: hatching 
order, sex of the hatchling, year of investigation, age at time of injection, 
hatching date, plus all possible interactions.  
We repeated this analysis for a subset of chicks whose body weight we had 
measured between hatching and final (post-injection) measurements. In this 
model (Model 2, 111 chicks, 48 nests) we included mass gain as an estimate of 
growth between the day of injection and the day of the final measurement. Since 
the growth pattern depends on the age of the chick, only those injected on day 1 
were used in this analysis. In addition, the following variables were included in 
the model: hatching order, sex of the hatchling, year of investigation, hatching 
date, body weight at hatching, plus all possible interactions. Since CMI and 
growth were correlated, in a third approach (Model 3) we used the residuals of 
CMI on growth (gCMI) as the dependent variable, thereby statistically 
controlling for the influence of growth on CMI.  
Mortality (Models 4 and 5) was analyzed using functions for binary data. These 
data were first transformed using the logit function and their order penalized by 
quasi-likelihood estimation (Goldstein 1995). Significance was then tested using 
the Wald statistic, which follows a χ2–distribution. For the first of these analyses 
(Model 4), the following variables were included in the model: sex of the 
hatchling, year of investigation, age at time of injection, hatching date, hatching 
order, residuals of CMI on hatching order, plus all possible interactions. In the 
second analysis (Model 5) we considered only the subset of chicks whose body 
weight and growth had been measured, using gCMI as the dependent variable 
and including the following variables in the model: sex of the hatchling, year of 
investigation, hatching date, body weight at hatching, hatching order, gCMI, 
plus all possible interactions. Sex ratio was analyzed in relation to hatching 
order, using the same statistical approach as for the mortality data. 
          
Results  
(a) T-cell-mediated immunity 
Of the variables in the first model (Model 1) only hatching order had a 
significant effect, being negatively correlated with CMI (logistic regression, 
hatching order, estimate: –0.158, error: 0.042, ∆df=1, p<0.001; for the complete 
model see table 1).  
For the 111 chicks (from 48 nests) we weighed daily, growth and hatching order 
were found to be strongly correlated. We therefore used the residuals of growth 
on hatching order to include both variables in the same model of CMI (Model 2; 
for the complete model see table 1). After backwards-elimination of non-
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significant variables, only hatching order and growth remained correlated with 
CMI (residuals of growth, estimate: 0.028, error: 0.01, ∆df=1, p=0.003; hatching 
order, estimate: -0.173, error: 0.052, ∆df=1, p=0.001).  
To exclude the possibility that tarsus growth explains a small but significant part 
of the variation in CMI, we used gCMI as the dependent variable. In this 
analysis, after backwards-elimination we found that gCMI was negatively 
correlated with hatching order independently of growth (gCMI, estimate -0.127, 
error: 0.052, ∆df=1, p=0.016). 

 

Figure 1:  T-cell-mediated immune response (CMI) in relation to hatching order for female 
(filled symbols) and male (open symbols) chicks of black-headed gulls (mean +/- standard 
errors) 

In a post-hoc analysis, we found a sex difference among second-hatched chicks 
(Fig. 1), with females showing a significantly higher CMI than males (N=65 
chicks, post hoc, sex: estimate:-0.171, error: 0.06, p=0.006). This sex effect 
remained consistent in the analysis using gCMI as the dependent variable (N=39, 
post hoc, sex: estimate: -0.166, error: 0.079, p=0.042).  
There was no indication that the proportion of males differed between hatching 
positions (first chick (N=64): 0.50 (32 ♂♂:32 ♀♀), second (N=65): 0.55 (36 ♂♂:29 
♀♀), third (N=47): 0.53 (25 ♂♂:22 ♀♀); hatching order, logistic regression Wald 
χ2 = 0.224, ∆df=1, p=0.636).  
 
(b) Survival 
The mortality rate of the chicks, defined as the probability of dying within seven 
days after the final measurement, was negatively correlated with CMI response 
(logistic regression, Wald χ2 = 5.999, ∆df=1, p=0.014, Fig. 2). Since we were 
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interested in the extent to which CMI and hatching order contribute 
independently to the observed mortality pattern, we wanted to include both 
variables in one model. However, CMI and hatching order were strongly 
correlated, so we calculated the residuals of CMI on hatching order (hCMI) and 
tested the effect of hCMI, hatching order and all other factors on mortality in one 
model (Model 4; for the complete model see table 1). After the backwards-
elimination there remained a nearly significant negative relationship between 
mortality rate and hCMI (logistic regression, Wald χ2 = 3.850, ∆df=1, p=0.05) and 
also a positive correlation between mortality rate and hatching order, with last-
hatched chicks being more likely to die (logistic regression, Wald χ2 = 8.799, 
∆df=1, p<0.003). Although not statistically significant, male chicks tended to 
suffer higher mortality (logistic regression, Wald χ2 = 2.84,  ∆df=1, p=0.092).   
 
 

 

 

 

 

 

 

 

 

 
 
 
Figure 2:  Mortality rate of chicks, defined as the probability of dying during the first 
seven days after the PHA measurements (i.e. until a chick reached the age of 10 days), as a 
function of CMI response. The curve represents the logistic regression for individual data 
points; dots represent the average probabilities (± s.e.m.) for 0.5-mm categories of CMI 
responses (category 1: < -0.21; category 2: -0.2 - 0.29; category 3: 0.3 - 0.79; category 4: > 
0.8). Numbers refer to the sample sizes in the four categories. 
 
For the subset of chicks with known growth (111 chicks, 48 nests), we used 
gCMI as the dependent variable to analyze whether CMI affects mortality 
independently of growth (Model 5). In this analysis, after backwards-elimination 
we found that only hatching order contributed significantly to the model 
(logistic regression, Wald χ2= 4.634, ∆df=1, p=0.031; for the complete model see 
table 1).  
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Table 1:   Effects of the main factors that were part of the statistical analysis on T-cell 
mediated immunity (CMI) (a) or chick mortality (b), including their statistical significance.  
In the subsequent analysis, all factors and interactions (not shown in the table) that did 
not contribute significantly to the model were excluded and significance levels for the 
remaining factors were adjusted accordingly. These values are presented in the text; they 
were slightly different from those in the complete model since fewer variables were 
included. 

(b) Model  4    Wald χ2 ∆df p value  
sex of the hatchling       2.938  1 0.087 
year of investigation        0.361  1 0.548 
age at time of injection       0.016  1 0.899 
hatching date         0.135  1 0.713 
hatching order        8.808  1 0.003 
residuals of CMI        3.954  1 0.047 
 
(b) Model  5   Wald  χ2 ∆df p value 
sex of the hatchling       0.153  1 0.7 
year of investigation       0.106  1 0.74 
hatching date         0.132  1 0.72 
hatching order        3.285  1 0.07 
body weight at hatching       0.180  1 0.67 
residuals of growth       1.285  1 0.26 

(a) Model  1   estimate error             ∆df          p value 
sex of the hatchling -0.035  0.035  1 0.32 
year of investigation   0.113   0.095  1 0.24 
age at time of injection -0.179  0.144  1 0.22 
hatching date    0.005  0.006  1 0.41 
hatching order  -0.151  0.042  1 <0.001 

(a) Model  2  estimate error             ∆df          p value 
sex of the hatchling -0.058  0.045  1 0.20 
year of investigation 0.163  0.104  1 0.12 
hatching date   0.004  0.008  1 0.62 
hatching order  -0.175  0.052  1 0.001 
body weight at hatching 0.000  0.0016  1 1.0 
residuals of  growth 0.029  0.010  1 0.005 
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Discussion 
We found a significant decline in T-cell-mediated immunity (CMI) of black-
headed gull chicks over the hatching sequence of a clutch (Fig. 1). The weaker 
CMI of last-hatched chicks may enhance susceptibility to diseases, leading to the 
observed increase in mortality for such chicks. Previous studies have suggested 
a correlation of CMI with survival probability (Hõrak et al. 1999, Tella et al. 2000, 
Merino et al. 2001), based on the fact that nests in which at least one chick died 
had a lower mean CMI than those in which all nestlings survived. Christe et al. 
(1998) showed for the house martin (Delichon urbica) that the relationship 
between immunocompetence and survival probability also operates at the level 
of the individual. The positive correlation we found between the CMI response 
of individual black-headed gull chicks and their probability of survival early in 
life is consistent with these data. Our results support the idea that increased 
mortality for last-hatched chicks is due not only to their reduced competitive 
ability leading to reduced access to food and higher chances of starvation, but 
that reduced immunocompetence also plays an important role (Parsons 1975b, 
Hario & Rudbäck 1996). An effect of reduced competitive ability is supported by 
the fact that hatching order contributed significantly to mortality, independently 
of CMI. Thus, our major conclusion is that both reduced immunocompetence 
and a disadvantage in sibling rivalry makes last-hatched chicks more susceptible 
to mortality.  
Since CMI was measured shortly after hatching, it was probably strongly 
influenced by maternal investment in the egg. Larid species such as the black-
headed gulls typically show variation in egg weight within a clutch (Parsons 
1975b, Bolton 1991, Groothuis & Schwabl 2002). Since CMI entails costs (Martin 
et al. 2002), the decline in egg weight and therefore in the amount of available 
resources might be responsible for the observed decrease in cellular immunity 
with laying order. However, egg weight is unlikely to be the decisive factor, 
since in black-headed gulls, egg mass varies with laying sequence in a quadratic 
fashion (Groothuis & Schwabl 2002) with the second-laid egg being heavier than 
the first- or the last-laid egg. 
In addition to egg weight, the actual composition of the yolk might be of 
importance. First, yolk carotenoids decrease over the laying order in a closely 
related species, the lesser black-backed gull (Royle et al. 2001). If our study 
species exhibits the same pattern, which seems likely, a lower concentration of 
yolk carotenoids might reduce the immunocompetence of last-hatched chicks. 
Carotenoids play an important role in deactivating free radicals, thereby 
reducing deleterious effects on the immune response, and recently they have 
been shown to enhance the CMI (Royle et al. 2001, Blount et al. 2003). Secondly, 
androgens are believed to suppress immune function (Ketterson and Nolan 
1999, von Schantz et al. 1999, Duffy et al. 2000). The increase in yolk androgens 
over the laying sequence shown for our study species (Eising et al. 2001, 
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Groothuis & Schwabl 2002) might reduce immunocompetence in last-hatched 
chicks.  Overall, the combined effect of maternally derived androgens and 
antioxidants might doubly handicap the immune system of last-hatched chicks 
(Royle et al. 2001). Further experimental studies are needed to analyze the 
contributions of each component to a chick’s immune function in this species. 
If androgens indeed cause immunosuppression, levels of immunity will differ 
between the sexes since male embryos produce more androgens (Woods et al. 
1975). Indeed, in the Eurasian kestrel (Falco tinnunculus), CMI is related to 
offspring sex, with males having a significantly lower CMI (Martinez et al. 2001, 
Fargallo et al. 2002; but see also Tella et al. 2000, for the American kestrel Falco 
sparverius). In our study we found a clear difference between the sexes only 
when they were the second chick to hatch (Fig. 1). In theory, this might be due to 
sex-specific maternal allocation of certain yolk components, as has recently been 
shown for yolk androgens in some species (Petrie et al. 2001, Müller et al. 2002) 
but not in others (Lipar & Ketterson 2000, Schwabl 1993). Alternatively, males 
might be more strongly affected by the quality of the egg. First-laid eggs have 
been shown to be of higher quality in terms of nutrition and carotenoids (Royle 
et al. 1999, Nager et al. 2000b) which might buffer against the detrimental effects 
of androgens. Egg quality, but not egg size, is significantly lower in second-laid 
eggs. Perhaps this drop in quality means that male embryos are unable to buffer 
against the immunosuppressive effects of androgens, due to the additional 
handicap that, unlike female embryos, they are producing androgens 
endogenously in addition to those derived from the mother. Last-laid eggs are of 
even poorer quality and are significantly smaller, leading to an impairment of 
immune function in both sexes. This could mask the effect of the difference in 
androgen exposure between the sexes. Thus, the interplay between maternal 
allocation and embryonic hormone production could explain the observed sex-
specific pattern in CMI. However, although egg size in general might be partly 
responsible for the pattern, it cannot explain the sex difference in second-laid 
eggs, which are even heavier than first–laid eggs (Groothuis & Schwabl 2002). 
The sex difference we found in CMI could contribute to the male-biased 
mortality reported for gulls (Sayce & Hunt 1987, Griffiths 1992, Nager et al. 
2000a). This might be of special importance early in life, since later in the 
nestling phase sex-specific differences in size and consequently in food demand 
may be the decisive factor determining sex-biased mortality (Dijkstra et al. 1998). 
Indeed, in the lesser black-backed gull, male-biased mortality is a consequence 
of males being larger than females, and thus showing enhanced sensitivity to 
food shortage (Nager et al. 2000a).  
It has been suggested that CMI depends on food availability, especially when 
chicks are growing (reviewed by Alonso-Alvarez & Tella 2001). Consistent with 
this idea, our data show a positive relationship between CMI and gain in body 
mass between initial (pre-injection) and final (post-injection) measurements. This 
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correlation should be regarded with caution since the response to the challenge 
was measured as the change in height of the ball of the foot, and therefore might 
also include a minor part of skeletal growth. However, after controlling 
statistically for growth in the analysis of CMI, both the decline in CMI over the 
hatching sequence and the sex-specific difference in CMI in the second position 
remained significant. CMI therefore cannot be explained solely by differences in 
chick growth. 
In conclusion, our findings on the CMI of black-headed gull chicks are consistent 
with the idea that differences in immunocompetence contribute to hatching-
order-dependent mortality, and perhaps also to sex-biased mortality. Hatching 
order further contributes to this pattern independently of CMI, suggesting that 
competitive disadvantage in sibling rivalry also plays a role.  
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