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Abstract In sexually size dimorphic species, individuals of the larger 
sex often suffer from enhanced mortality during the nestling 
period. This has been attributed to enhanced nutritional 
requirements of the larger sex, which may render this sex 
more vulnerable to adverse food conditions. However, sex-
biased mortality might not exclusively depend on 
differences in food demand but also on other phenotypic 
differences, e.g., in competitiveness. Interference 
competition between the sexes and position in the laying 
sequence in particular may be essential components 
contributing to biased mortality.   
By creating synchronously hatched unisex broods in the 
sexually size dimorphic black-headed gull, we specifically 
tested the effect of sex-specific food demand by excluding 
interference competition between the sexes as well as 
hatching asynchrony. To test the effect of egg quality that 
varies with the position in the laying sequence, we 
composed each nest of chicks from eggs of all different 
positions in the laying sequence. 
All-male nests showed significantly enhanced mortality 
compared to all-female nests from the beginning of the 
development of the sexual size dimorphism onwards. 
Sexual size dimorphism at the end of the nestling period 
was less pronounced compared to the natural situation. Both 
results underline the role of a higher food demand in biased 
mortality of the larger sex. Growth rate, but not survival was 
positively associated with position in the laying sequence, 
especially in males. This indicates that the higher mortality 
of last hatched chicks in natural nests is mainly due to 
hatching asynchrony and egg size but not egg quality.  
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Introduction 
In many sexually size dimorphic vertebrates, individuals of the larger sex show 
enhanced mortality rates during the period of parental care (Clutton-Brock et al. 
1985, Røskraft and Slagsvold 1985, Griffiths 1992, Torres and Drummond 1997). 
It has been suggested that individuals of the larger sex require greater parental 
effort during the nestling period to meet their energetic requirements (Anderson 
et al. 1993, Krijgsveld et al. 1998, Riedstra et al. 1998, but see also Torres and 
Drummond 1999), which would render the larger sex more vulnerable to 
periods of insufficient food supply (Røskraft and Slagsvold 1985, Nager et al. 
2000). However, males and females not only differ in their food demand, but 
also in a number of other features such as competitive skills. Analyzing the 
contribution of the chicks’ food demand itself on the survival probability is 
therefore difficult to achieve (Clutton-Brock 1991). Sex differences in competitive 
skills as well as the vulnerability to food shortage strongly interact with hatching 
asynchrony and brood sex composition.  
Hatching asynchrony, a common phenomenon in avian species, imposes an age 
and size hierarchy among the siblings (Clark and Wilson 1981, Stockland and 
Amudsen 1988). Due to the competitive disadvantage, last hatched chicks suffer 
from enhanced mortality, if food is not sufficient to raise the whole brood 
(O’Connor 1978, Mock et al. 1990). The disadvantage of hatching late in the 
clutch has been shown to be stronger for the larger sex, which suffers heavier 
mortality if hatched late (Bradbury and Griffiths 1999, Dzus et al. 1996, Torres 
and Drummond 1997). This might be due to its higher vulnerability to food 
scarcity as well as a disability to overcome the competitive disadvantage as 
imposed by hatching asynchrony. Finally, the larger sex might be affected more 
by variation in egg quality. Later in the laying sequence, eggs are often 
substantially reduced in size as well as quality, e.g. in terms of contents of 
carotenoids or antibodies (Royle et al. 1999, Blount et al. 2002). When hatching 
from later-laid eggs, chick performance is handicapped by the smaller amount of 
resources, but also by the reduced quality (Parsons 1975). This sensitivity 
towards changes in egg size and quality has been shown to be particularly 
pronounced in the larger sex (Nager et al. 1999). 
Sex composition of the brood might affect growth and survival of males and 
females since the number of chicks of the larger sex may enhance the probability 
of an individual dying as a consequence of the total food requirements of the 
brood (Dijkstra et al. 1998). If offspring of more than one sex is present in a 
brood, sex differences in competitive skills become also of importance in 
interference competition for food (e.g. Bortolotti 1986, Velando et al. 2002, 
Anderson et al. 1993a). Finally, sex-biased growth or survival could also be a 
result of sex specific parental feeding behavior, although evidence is limited (e.g. 
Teather 1992).  
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Some studies did find sex composition related mortality (e.g. Bortolotti 1986, 
Nager et al. 2000). Other studies failed to show such a relationship, concluding 
that chick mortality is independent of the brood sex ratio (e.g. Drummond et al. 
1991, Green et al. 2002). Further experimental studies are needed to understand 
the possible consequences of different brood sex compositions, which is 
important in the context of adaptive sex ratio adjustment.  
 
The aim of this study is to disentangle some of these factors, and to test 
specifically the effect of brood sex composition dependent food demand on sex 
specific growth and survival, when brood sex ratios are experimentally 
manipulated. Our study species, the black-headed gull (Larus ridibundus), is 
sexually dimorphic, with males being about 15% heavier and skeletally larger 
than females (Glutz von Blotzheim and Bauer 1982). Male-biased mortality has 
frequently been reported for gull species (Sayce and Hunt 1987, Griffiths 1992, 
Nager et al. 2000), and a decrease in egg quality e.g. in terms carotenoids and 
antibodies over the laying sequence are especially pronounced (Royle et al., 
1999, Royle et al., 2001, Blount et al., 2002). 
We excluded direct competition between the sexes by experimentally creating 
all-male and all-female nests, containing three chicks to ensure a high level of 
sibling rivalry. Chicks of each experimental nest were matched for age and body 
mass, thereby excluding sex specific effects of the age and size disadvantage 
imposed by hatching asynchrony. Hatching asynchrony is pronounced in this 
species. Since the larger sex requires more resources (Anderson et al. 1993, 
Krijgsveld et al. 1998, Riedstra et al. 1998), we expect that all-male nests have a 
higher total food demand compared to all-female nests. Chicks in all-male nests 
should show impaired growth, leading to a less pronounced sexual size 
dimorphism at fledging. Hence, their increased food demand enhances the risk 
that the food is not sufficient for all chicks and starvation mediated mortality. 
We tested the effect of egg quality by placing one chick of each position in the 
laying sequence in each experimental nest. Since we match for chick size, we will 
be able to investigate, whether egg size or egg quality is responsible for the 
reduced performance of the larger sex as had been found by Nager and 
colleagues (1999). If egg quality is the decisive factor, we expect the 
consequences of laying sequence to be more pronounced in all-male nests. 
 
Material and Methods 
(a) Study species and population 
In the years 2000 till 2002 fieldwork was conducted in a large black-headed gull 
colony (about 2000 breeding pairs distributed over several sub-colonies) situated 
on the northeast coast of the Netherlands. During the laying period, nests were 
visited daily to control for freshly laid eggs. These were marked with a non-toxic 
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marker to record the position in the laying order (A for first, B for second and C 
for last laid eggs) and date of laying.  
 
Natural clutches 
In 2000 and 2002, all chicks hatched under natural circumstances in the field. 
Subsequently, we investigated their growth trajectories in relation to sex of 190 
nests in total (2000: N= 86, 2002: N=84). These data showed that the sexual size 
dimorphism in asymptotic body mass around fledging is already similar to that 
observed in adults in autumn (for details see Table 1, Glutz von Blotzheim & 
Bauer 1982). This indicates that the dimorphism is already established to full 
extend during the nestling period.  
 
 

 

 

 

 

 

 

 

 

Table 1: Asymptotic mass of male and female chicks separately for each laying position 
(2001) and the degree of sexual size dimorphism (SSD) in this experimental study. 2000, 
2002 indicate the SSD in the natural situation.  

Experimental clutches 
In 2001, we selected in total 315 eggs of known laying date and laying position 
for the sex ratio manipulation (105 A-eggs, 104 B-eggs, and 106 C-eggs). Shortly 
before hatching (3 days se ± 0.08) these eggs were taken to the incubator at the 
Zoological Laboratory, where hatching took place. Within a few hours (2-3 h)  
after hatching chicks were weighed to the nearest 0.1g, marked with a small 
numbered plastic band for individual identification and a small amount of blood 
(20 µl) was taken by punctuating the ulnar vein for molecular sex determination 
(Griffiths et al. 1998). All chicks were sexed within 24 h after hatching. Due to 
adverse weather condition during the beginning of our experiment, we were 
unable to cross-foster chicks at the day of hatching. Therefore chicks were 
housed in the laboratory in groups of similar age till they were maximally 5 days 
old. They were ad lib. hand-fed with fresh fish three times a day. On the day of 

Asymptotic mass    

 all  males females % SSD 

A-chick 267.87 279.4 257.38  

B-chick 255.13 262.99 247.26  

C-chick 256.4 264.37 248.9  

2001 (exp.) 268.18 250.97 6.9 

2000 (natural) 232.13 206.54 12.4 

2002 (natural) 253.89 224.3 13.2 
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cross-fostering we then composed nests of one A-, one B- and one C-chick of 
only one sex, matched for body mass of that day (equalized to the nearest gram) 
and age (hatched at the same day). 
 
(b) Cross-fostering 
Cross-foster nests were selected one day in advance of the actual cross-fostering 
and temporarily surrounded by “mini-enclosures”, 1 m2 in size of opaque mesh, 
to facilitate the adoption procedure. In addition, all foster nests were situated 
within larger enclosures (wire mesh, 40-50 cm high) varying in size from 30 to 60 
m2. These contained from 10 up to 25 experimental nests and enabled us to 
follow chick development till the time of fledging, after removal of the “mini-
enclosures” 3-4 days later. To maximize adoption rate we selected nests that 
contained chicks of the same age as the foster chicks. The latter were placed in 
neighbouring incomplete broods, following the same criteria as for the 
experimental nest. 
In total, 158 male and 157 female chicks hatched in the incubator. Out of these 
chicks 29 all-male and 29 all-female nests could be created. The remaining chicks 
were either used in another experiment (N= 40), died before cross-fostering (N= 
5) or could not be matched and were randomly cross-fostered to natural clutches 
(N= 96). Six nests (2 all-male nests, 4 all-female nests) were excluded, since all 
chicks died within 24 h after cross-fostering due to adoption failure.  
There was no significant difference in age at cross-fostering between males and 
females (males: 2.90 (se ± 0.13) d; females: 3.05 (se ± 0.13) d; df =154, t-test, 
t=0.769, p=0.44) or between hatching positions (A-chick: 3.0 (se ± 0.16) d; B-chick: 
3.0 (se ± 0.16) d; C-chick: 2.9 (se ± 0.16) d; t-test, p>0.67 in all cases). There was no 
significant difference in body mass at cross-fostering neither between the sexes 
(males: 34.01 (se ± 0.81) g; females: 33.31 (se ± 0.69) g; df =154, t-test, t=-0.657, 
p=0.51) nor between hatching positions (A-chick: 33.74 (se ± 0.86) g; B-chick: 34.1 
(se ± 1.0) g; C-chick: 33.19 (se ± 0.91) g; t-test, p>0.50 in all cases).  
Furthermore, hatching weight did not differ between male and female chicks 
(males: 25.63 (se ± 0.24) g; females: 25.69 (se ± 0.22) g; df =154, t-test, t=0.186, 
p=0.85) or between hatching positions  (A-chick: 25.88 (se ± 0.27) g; B-chick: 25.82 
(se ± 0.29) g; C-chick: 25.26 (se ± 0.0.28) g; t-test, p>0.12 in all cases). Since body 
mass did not differ at the age of cross-fostering, this suggests that there were no 
differences in growth according to sex or hatching position when the chicks 
were housed under ad lib. food conditions.  
 
(c) Data collection 
For all experimental nests the presence of each chick in the enclosures was 
recorded every day to assess the chicks’ survival. During the first three weeks of 
age chicks were considered dead when found so or when not seen anymore 
during the rest of the experiment. When older than three weeks, missing chicks 
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were defined as fledged when they were not found dead, because they may have 
managed to escape from the enclosures.  
To determine growth we measured body mass (to the nearest 0.5 g using a 
Pesola spring balance), tarsus and head-bill length (both to the nearest 0.1 mm 
using a caliper) of all chicks every third day. We followed chick growth in the 
field until they were 30 days old.  
 
(d) Statistical analyses 
All growth data were analyzed using hierarchical linear models in the MLwiN 
program 1.10 (Rasbash et al. 2000). This method accommodates unbalanced data 
and allows analyses of variances and co-variances considering the nested 
relationship of different chicks in a nest and controls for multiple (independent) 
variables.  
Data were analyzed in a three level model: nest (first level), individual (second 
level) and repeated measures within the individual (third level). To model the 
sigmoidal growth curve we included age, age2, age3 as predictors in the model 
analyzing offspring mass and size. The following variables were included in the 
analysis: sex, laying position (categorical variable), hatching date, number of 
siblings and all possible interactions. From the estimates of the model the 
predicted offspring weights can be derived and the prediction lines from the 
model are shown in Figure 1. 
Significance was tested using the increase in deviance, when a factor was 
removed from the model which follows a χ2–distribution (Wald statistic). In the 
analysis of body mass and skeletal size we included only data that were 
obtained after cross-fostering, except for hatching mass and size that have been 
included for an optimal growth fit.  
Since all nests started with a standard number of three chicks, the decrease in 
sibling number due to mortality significantly correlated with age. To avoid the 
problem of co-linearity between both factors in the model, we calculated the 
residuals of the number of siblings on age and included these in the analysis of 
body mass and skeletal size. 
Survival data were analyzed in relation to sex, position in the laying sequence 
(categorical variable), hatching date in the same program using the functions for 
binary data. These data were first transformed by the logit function and their 
order penalized by quasilikelihood estimation (Goldstein 1995).  
 
Results 
(a) Body mass  
In all analyses on body mass age, age2 and age3 revealed significant effects 
reflecting growth, and therefore, these statistics are not presented. 
Body mass was influenced by the position in the laying order in interaction with 
age and sex ([52 nests, 156 chicks], laying position x age x sex: ∆dev=11.231, df=2, 
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p=0.004). The number of siblings in a nest, corrected for age, negatively affected 
body mass (residuals number of siblings on age: ∆dev=5.779, df=1, p=0.016) (left-
hand graphs of figure 1).  
When analyzing the sexes separately, position in the laying sequence negatively 
affected body mass gain in both sexes (males [27 nests, 81 chicks]: position x age: 
∆dev=12.22, df=2, p=0.002; females [25 nests, 75 chicks]: position x age: ∆dev= 
6.951, df=2, p=0.03). In further post hoc analyses, we analyzed sex specific 
differences in body mass for each laying position separately. These results show 
that in interaction with age males were significantly heavier compared to 
females when hatching from A- and B- eggs, but not C-eggs ([52 chicks each], see 
Table 2, Figure 1). 
 

  
explaining variable ∆dev df p 

A-chick      

mass sex x age 5.73 1 0.017 

  resid sibs 3.423 1 0.064 

head sex x age 7.981 1 0.005 

  resid sibs 0.552 1 0.46 

B-chick      

mass sex x age 11.219 1 <0.001 

  resid sibs 0.685 1 0.41 

head sex x age 26.58 1 <0.0001 

  resid sibs 0.898 1 0.34 

C-chick      

mass sex x age 2.082 1 0.15 

  resid sibs 1.741 1 0.19 

head sex x age 0.965 1 0.33 

  resid sibs 2.986 1 0.08 

 
Table 2: All significant statistical parameters as included in the post hoc tests, analyzing 
the contribution of offspring sex and laying position on body mass gain and head-bill 
growth. 
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(b) Skeletal growth 
For the skeletal measurements age and age2 but not age3 did yield statistical 
significance and therefore age3 was not included in the final model. 
Head-bill length ([52 nests, 156 chicks], see figure 1, right hand panels) was 
negatively influenced by the position in the laying order in interaction with age 
and sex (laying position x age x sex: ∆dev=9.679, df=2, p=0.009). When analyzing 
the sexes separately, position in the laying position negatively affected head-bill 
length in males but not in females (males [27 nests, 81 chicks]: sex x age: 
∆dev=10.302, df=2, p=0.0057; females [25 nests, 75 chicks]: sex x age: ∆dev=2.318, 
df=2, p=0.31). Analyzing sex specific differences for each laying position 
separately, sex specific differences were smallest in chicks hatching from C- eggs 
(see Table 2). The number of siblings in a nest affected head bill length in 
interaction with laying position (residuals number of siblings on age x laying 
position: ∆dev=11.429, df=1, p=0.0003). Subsequent post hoc analyses revealed 
that the number of siblings negatively affected head bill length only in C-chicks 
(see Table 2). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1: Mean body mass [g] and Head-bill length [mm] in relation to age, splitted for 
laying order {(a) first laying position, (b) second laying position, (c) last laying position} 
and sex {males (open circles) and females (filled circles)}. 
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The length of the tarsus was not affected by the laying position in interaction 
with age ([52 nests, 156 chicks], laying position x age: ∆dev=3.615, df=2, p=16). 
Males had significantly larger tarsi than females in interaction with age (sex x 
age: ∆dev=21.645, df =1, p<0.001), which was not affected by the laying position 
(laying position x age x sex: ∆dev=0.675, df=2, ns). The number of siblings in a 
nest did not affect tarsus length (residuals number of siblings on age: 
∆dev=1.839, df=1, p=0.17). 
 
(c) Survival 
In total, 46 (15 A-chicks, 17 B-chicks, 14 C-chicks) out of 75 (61 %) female chicks 
(25 nests) and 33 (10 A-chicks, 15 B-chicks, 8 C-chicks) out of 81 (41%) male 
chicks (27 nests) survived the nestling period (Figure 2). This sex specific 
difference in the survival was statistically significant (χ2=6.47, p=0.01). Neither 
laying position (χ2=0.356, p=0.55) nor the interaction of laying position with sex 
(χ2=0.03, p=0.86) affected survival. The mortality tended to occur later in male 
compared to female chicks (mean mortality age males: 17.63 +/- 1.64 days; mean 
mortality age females: 13.34 +/- 1.64 days, df=75, t=-1.848, p=0.07). 
 

Figure 2: Cumulative survival [%] of males (open circle) and females (filled circle).   
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Discussion 
Brood sex composition 
We investigated sex specific differences in growth trajectories and survival of 
black-headed gull chicks in experimentally created unisex nests. Since our 
experimental design was such that effects of brood size, inter-sex competition, 
sex biased parental feeding within broods and as well as the age and size 
disadvantage of late eggs in hatching asynchrony were excluded, we specifically 
tested the effect of sex-specific food demand on chick performance. Since male 
black-headed gulls are larger than females well before fledging, we assumed 
that all-male nests have a higher food demand than all-female nests. If parental 
feeding rates do not fully match this increased food demand, this necessarily 
leads to a reduction in growth and a higher risk of starvation mediated mortality 
in male nests, especially at the age when sexual size dimorphism develops.  
Indeed, we found that the survival probability was significantly reduced in all-
male nests compared to all-female nests (Figure 2). This skewed mortality 
coincided with the period of maximal food demand (e.g. Gabrielsen et al. 1992). 
This indicates that the parents did not fully meet the higher energetic 
requirements of the larger sex. We did not analyze the cause of death. Mortality 
might be directly induced by starvation or mediated by secondary diseases in 
consequence of malnourishment. A higher susceptibility to diseases in the larger 
sex might also be a result of different allocation strategies.   
The sexual size dimorphism reached at fledging was small. Males and females 
differed in their asymptotic body mass by 6 % only, whereas under natural 
circumstances sexual size dimorphism in asymptotic body mass is 11-12 % 
(Table 1). This was not due to smaller males but by a rather high asymptotic 
body mass attained by females in comparison with the other years. This suggests 
two interpretations: First, females in (natural) mixed sex broods may suffer from 
the presence of the larger male siblings. Males may be better competitors or 
simply need more food, at the cost of their female siblings. Second, if the high 
female asymptotic mass is caused by a good environmental food situation in this 
particular year, males did not benefit at the same extent as a consequence of the 
high food demand in all-male nests. 
The synchronization in age and size of the chicks that we applied within each 
nest reduced the possibility to outcompete one of the siblings (Royle and Hamer 
1998). This may also explain why mortality during the first week was low (see 
e.g. Eising et al. 2001). This is consistent with the idea that the establishment of a 
size hierarchy through asynchronous hatching facilitates brood reduction, 
avoiding the extra costs of delayed brood reduction (Gibbons 1987) and 
maximizing the quality of the surviving chicks (Godfray 1995).  
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Egg quality 
Although we compensated for age and size differences as imposed by hatching 
asynchrony, chicks hatched from later laid eggs grew less well, which is possibly 
caused by a reduction in egg quality with laying order. This effect of laying 
position of the egg is even more striking when we take into account that we did 
match for body mass of the hatchlings initially. As a consequence we matched 
comparatively light A-chicks (hatching from light A-eggs) and heavy C-chicks 
(hatching from relatively heavy C-eggs), to compensate the natural decrease in 
egg mass with laying order. Thereby we may have reduced qualitative 
differences between the chicks compared to the natural situation. This result 
underlines the importance of egg quality on offspring performance (Parsons 
1975).  
Mortality did not correlate with laying position. The higher mortality of last 
hatched chicks in natural nests is hence not due to egg quality, but rather to egg 
size and the disadvantage of hatching late. 
In contrast to previous studies analyzing the contributions of egg quality in a 
non-competitive environment (single chick nests), the levels of competition were 
high in our study. This is indicated by the significant negative contribution of 
the number of siblings on chick growth. Maternal yolk androgens, which are 
highest in last laid eggs (in this species: Groothuis and Schwabl 2002), positively 
affect growth (in this species: Eising et al. 2001; Eising and Groothuis 2003) and 
should have favored chicks hatching from last-laid eggs. Yet, chicks hatching 
from last-laid (C) eggs did not gain upper-hand in the sibling rivalry. This 
apparent inconsistency may be related to a fundamental difference with studies 
that manipulated yolk hormones. Hormone manipulations were performed 
using eggs of the same laying position, mostly the first laid egg that is of rather 
good quality and contains low titers of yolk androgens (e.g. Eising et al. 2001). 
Thus, if egg quality is high, chicks hatching from eggs with experimentally 
elevated yolk hormones might gain a benefit. If egg quality is low, this might 
impose a disadvantage that yolk androgens can not fully compensate for.  
In an egg removal experiment Nager and colleagues (1999) showed that male 
chicks suffered more from being born late in the brood. We found that already 
within the natural laying sequence, male chicks are more affected when hatching 
from last-laid eggs. Sex specific difference in susceptibility towards changes in 
the egg quality within the laying order hampered the growth particularly in 
male chicks hatching from last-laid eggs. 
 
In conclusion, all-male nests showed a higher mortality than all-female nests, 
which probably is due to the higher food demand in all-male nests. Male chicks 
were more affected by a reduction in egg quality (in late laid eggs) compared to 
female chicks.  
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