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Abstract We studied sex-dependent mass growth of
chicks of the monomorphic common tern Sterna hirundo
which fledged at a colony site in Wilhelmshaven,
Germany, between 1997 and 1999. Brood size, brood
mates’ sex and hatching order (a-, b- and c-chicks) were
known for many individuals, which were sexed by
molecular techniques. Daily growth rates and age of
fledging were independent of sex. However, in all years
male chicks reached higher peak mass and fledged up to
5.2% heavier than female chicks. Broods with at least two
fledglings showed that besides sex, brood size interacting
with sex composition affected chick mass. In mixed
broods, brothers had higher peak and pre-fledging mass
than sisters they were reared with. Especially in the
combination a-daughter and b-son the brothers were
heavier. Lowest mass was found in broods with three nest
mates of the same sex. A detailed study of 24 three-
fledgling broods showed that male c-chicks were heavier
than their siblings. The results reveal an advantage for
chicks in mixed broods, especially for sons, and more
especially if the son was a c-chick. Higher mass and
possibly dominance of sons in c-position might be related
to higher maternal androgen levels, which are known to
increase with each egg laid. The results suggest that even
in a monomorphic species, sons might be more expensive
to rear, and are discussed with respect to sibling
competition, parental effort, survival of sons, as well as
to fitness benefits favoring parents producing sons.

Keywords Hatching order · Mass growth · Sex ·
Sibling sex · Son advantage

Introduction

The growth of birds is influenced by many internal and
external ecological factors such as year, site, weather,
food availability and quality, seasonal timing, number of
siblings, hatching order, and parental quality, age and
effort (see Gebhardt-Henrich and Richner 1998 for a
review), and sex, which has recently been in the focus of
interest since techniques of molecular sexing have
become available (Ellegren and Sheldon 1997). An
influence of sex on growth has been confirmed especially
in sexually dimorphic birds, e.g. in American kestrels
Falco sparverius (Anderson et al. 1993), lesser black-
backed gulls Larus fuscus (Griffiths 1992), blue-footed
boobies Sula nebouxii (Torres and Drummond 1999),
European shags Phalacrocorax aristotelis (Velando et al.
2000; Daunt et al. 2001) and wandering albatrosses
Diomedea exulans (Weimerskirch et al. 2000). Chicks of
the larger sex, in most species the male young, therefore
appear more costly for parents to rear as they receive
more food, which was confirmed in the wandering
albatross (male chicks; Weimerskirch et al. 2000), but
not in the blue-footed booby (female chicks; Torres and
Drummond 1999). Consequently parents might be ex-
pected to adjust their investment with regard to the sex of
the offspring.

Compared to the situation of the wandering albatross,
which rears a single chick, that of birds rearing more than
one offspring within a brood is more complicated, as
possible differences and interactions between brood mates
may occur (Bortolotti 1986; Clutton-Brock 1991; Mock
and Parker 1997; Velando et al. 2002). Competition
among siblings is thought to exert a powerful selection
pressure on growth (Ricklefs 1982; Gebhardt-Henrich and
Richner 1998), and sex-specific interactions are known to
affect growth (Bortolotti 1986; Velando et al. 2002). The
common tern Sterna hirundo is a monomorphic species in

Communicated by F. Trillmich

P. H. Becker ())
Institut f�r Vogelforschung “Vogelwarte Helgoland”,
An der Vogelwarte 21, 26386 Wilhelmshaven, Germany
e-mail: peter.becker@ifv.terramare.de
Tel.: +49-4421-96890, Fax: +49-4421-968955

M. Wink
Institut f�r Pharmazeutische Biologie,
Universit�t Heidelberg,
Im Neuenheimer Feld 364, 69120 Heidelberg, Germany



most measurements, but males have larger bills (e.g.
Coulter 1986; Wendeln and Becker 1996; Wendeln et al.
1997; Craik 1999). Common terns rear one to three chicks
hatching asynchronally, and the survival of the last
hatched c-chicks is lower than that of the older siblings
(e.g. Langham 1972; Becker and Finck 1985). Growth in
this tern species has been relatively well studied and is
known to be affected by the ecological factors mentioned
above and linked with survival of the young to fledging
(e.g. Langham 1972; LeCroy and LeCroy 1974; Dunn
1975; Becker and Finck 1985; Bollinger et al.1990;
Massias and Becker 1990; Becker and Specht 1991;
Mlody and Becker 1991; Klaassen et al. 1992; Becker et
al. 1997; Greenstreet et al. 1999; Wendeln and Becker
1999; Robinson and Hamer 2000). Hatching asynchrony
which leads to intra-brood hierarchies may serve as an
insurance of reproductive success and of the condition of
surviving young (Bollinger 1994; Forbes and Mock 2000;
Royle 2000).

Recently, hatching and fledging sex ratios have been
found to be female-biased in terns (Szczys et al. 2001;
Gonz�lez-Sol�s et al. 2003), and the pre-fledging mortal-
ity of common tern sons has been found to be higher than
that of daughters, which suggests that in terns, too, rearing
sons may be more costly than rearing daughters. In the
common tern this result was due to two-chick broods,
produced by parents of lower quality, which obviously
could not cope with or were not motivated to provide the
greater energy demands imposed by an increasing
proportion of males in their broods (Gonz�lez-Sol�s et
al. 2003). But other explanations for sex differences in
mortality are also discussed, such as male heterogameity,
specific male hormonal supply with antagonistic effects
on other physiological characteristics, or interactions
between sex and environment (e.g. Sheldon et al. 1998).
With regard to the sex related differences in mortality, the
gender of common tern young might also play a role in
the growth pattern, which is linked with survival of the
young to fledging. However, to date information on sex
dependence of growth in terns is scarce. Nisbet and
Szczys (2001) show that early growth of roseate terns
Sterna dougallii did not depend on the gender of the
chick.

We investigated chick development at a colony site in
Wilhelmshaven, Germany, which has been under study
for many years (Becker et al. 2001). We sexed all
fledglings of two year classes and some fledglings of a
third year class, and related the individual growth
characteristics to the sex of a fledgling, in order to
discover whether mass growth depends on the gender of a
chick in this monomorphic species. In this paper, first we
show that mass growth is indeed affected by sex in
common tern chicks. In order to elucidate possible causes
of this surprising finding, we secondly relate mass growth
of sons and daughters to various factors of possible
importance to growth in the context of sibling competi-
tion, such as brood size, sex composition of brood and
hatching order. Finally we discuss the thought that even in
a species without sexual size dimorphism, males might be

more expensive to rear, and address possible ultimate
consequences of sons being heavier than daughters at
fledging.

Methods

Study site and data collection

Field work was carried out from 1997 to 1999 in a common tern
colony breeding on six small artificial islands in the harbor area at
Wilhelmshaven (German North Sea coast, 53�270N, 8�70E). The
islands are rectangular, of equal size (10.7�4.6 m), and surrounded
by a wall 50 cm in height and 20 cm in breadth. The distance
between islands is around 0.9 m (for details see Becker and
Wendeln 1997; Becker et al. 2001). During the years of study 220–
250 pairs were breeding.

Laying date, egg size, laying order, hatching order of chicks, the
fate of the eggs and chicks of all pairs were determined every 2 or
3 days during the breeding period (Wagener 1998), at about the
same time of day (between 0700 and 0900 hours). Chicks on five of
the six islands were weighed regularly to determine their body mass
growth (see below).

Breeding success in the three years

Breeding success of first clutches differed substantially in the three
reproductive seasons: whereas clutch size (2.8€0.4 SD each year,
1997 n=73, 1998 n=112, 1999 n=137) and brood size at hatching
(1997 2.5€0.6, 1998 2.5€0.7, 1999 2.6 €0.6; 1997 n=66, 1998
n=103, 1999 n=133) showed no significant interannual variation
(Kruskal-Wallis ANOVA), the number of fledglings per pair varied
greatly between the years (Kruskal-Wallis ANOVA, P<0.001, n as
above for clutch size): the success was greatest in 1999 (1.8€0.8 SD
fledglings pair-1), lowest in 1998 (0.5€0.7 fledglings pair-1) and
intermediate in 1997 (1.0€1.1 fledglings pair-1). In 1997 and 1998,
frequent predation by a short-eared owl Asio otus and/or food
shortage reduced the number of surviving younger chicks consid-
erably, leading to partial or total brood loss until the chicks were
10 days old (total brood loss in 38% of broods in 1997, in 51% in
1998, and in only 3% in1999; c2

2, 302=71.926, P<0.001). In 1997
38%, in 1998 only 17%, but in 1999 74% of pairs were able to rear
two or three chicks to fledging. In consequence more brood mates
grew up in 1999 than 1997 and 1998.

Recording brood size, age and hatching order

All newly hatched chicks were ringed with steel rings from the
Vogelwarte Helgoland ringing center. When a chick was found for
the first time its age was designated as 0 if the chick was freshly
hatched, otherwise as day 1 (on average, chicks hatch on the day
between the checks). Brood size is defined as the number of chicks
hatched in one clutch, and brood size 18 days as the number of
siblings within a brood alive and �18 days old.

Laying order corresponds with hatching order (Lemmetyinen
1973; Bollinger 1994), and in many clutches chicks hatched
consecutively. In some cases when two or three siblings were found
in a nest on the same day, information on hatching order could be
derived by the size of the remains of the yolk sac on the chick’s
belly, which diminish with age (Wagener 1998). In each clutch, the
first hatched chick was denoted as the a-chick, the second hatched
as the b-chick and third hatched as the c-chick.

Weighing of chicks, growth parameters, fledging age
and wing length

The chicks were weighed to the nearest gram by means of a digital
balance in a special wind protected weighing box (Wagener 1998;
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DIGI 2000, accuracy €1 g) at intervals of 2–3 days if recovered
(recovery rates were high). The age of a chick at its last recovery
before fledging is defined as fledging age. From the individual
growth curves (Fig. 1) the following parameters characterizing
mass growth of each chick which fledged have been derived.

– Growth rate 1–5 days: the daily growth rate (g day–1) during the
early days of life. This parameter is known to be predictive of
survival to fledging in roseate terns (Nisbet et al. 1999), and was
calculated for comparison with the results of Nisbet and Szczys
(2001) in roseate terns.

– Growth rate 3–13 days: the daily growth rate (g day–1) during the
linear phase of the body mass development, i.e. between 3
and13 days of age. This parameter underlies strong interyear
variability, is linked to survival of chicks (see references in
Introduction) but is a poor predictor of peak and pre-fledging
mass. It was calculated as an average of the mass differences
between consecutive records if at least two mass differences
were available (� three mass records between 3–13 days of age).

– Age-specific mass: the age (days) � specific body mass (g). Age
of chicks was classified into 2-day age groups (0 and 1 days, 2
and 3 days, and so on; see Figs. 1, 2).

Many growth studies suffer from a paucity of measurements near
fledging (Teather and Weatherhead 1994). With complete growth
curves of many individuals available to us, we were able to focus
on two parameters important for characterizing an older chick’s
growth (see e.g. Gaston 1985):

– Peak mass: the maximum mass record (g) of a chick’s growth
curve. Peak mass is reached on average at 22.6€2.6 SD days of
age (n=361), and correlates well with asymptotic mass, which is

in the range of 122–130 g in the common tern (Ricklefs and
White 1981; Klaassen and Drent 1991; correlation of peak mass
with mean mass of a chick between 19 and 27 days of age, data
from 1999: male chicks r=0.947, n=109; female chicks r=0.913,
n=164). Moreover, peak mass is a good predictor of the future
adult body mass: It correlates positively with subadult body mass
(Becker et al. 2001), is not significantly different from this
(Becker unpublished data), and is in the range of breeders’ mass
during chick rearing (Wendeln and Becker 1996).

– Pre-fledging mass: The last mass (g) record of a chick before
leaving the colony site. After the pre-fledging recession in
weight, it reflects the physiological and behavioral constraints of
fledging. Pre-fledging mass is about 7 g below peak mass in
common terns (Becker et al. 1997).

Wing length was measured to the nearest mm on the day when a
chick was marked with a transponder (Becker et al. 2001). In 1998,
mean age at marking was 18€3 SD days in sons (50), and 19€3 days
in daughters (57); in 1999:17€3 days in sons (157), and 17€3 days
in daughters (213). At this age the growing wing had reached about
half the length of the adult wing (270 mm, Wendeln et al. 1997;
Becker and Wink 2002).

Like most other studies on growth in terns, this investigation
deals only with mass growth of chicks which survived to fledging
and which are of course produced by higher quality parents
(Wendeln and Becker 1999). Because individual growth informa-
tion was complete in most chicks, we did not calculate fitted growth
curves, which may hide small but important mass information,
especially within broods of older chicks and during pre-fledging
mass recession, and complete original data allow a more sensitive
analysis.

Identification of sex of the chicks

We collected tissue samples from all fledglings in 1998 and 1999,
and from a random sample of fledglings in 1997 for molecular
sexing. At the time the chicks were marked with transponders (see
above), two to five growing body feathers with blood keels were
taken, and stored in EDTA buffer at 4� C, and DNA was isolated
from them. Molecular sexing was modified after the methods
outlined in Kahn et al. (1998), which is based on the detection of
the CHD gene on avian sex chromosomes. In most species, males
produce one band and females two, presumably reflecting differing
intron sizes of the W versus Z chromosomes (Kahn et al. 1998). See
Becker and Wink (2002) for details of PCR method used. The
method had been calibrated with five birds each of known sex. An
intercalibration with a laboratory applying other primers was very
satisfactory (98% accordance; only 2 of 103 chicks were sexed
differently). Sex of the chicks of defined hatching order is denoted
as sex a-chick, sex b-chick or sex c-chick.

Data analysis and statistics

Possible sex differences in growth of the chicks were tested for
using data from the three years (Table 1). Sex, year, brood size and
brood number (random factor) were treated as factors in the
ANOVA (for growth rates, brood size at hatching was used; for the
other growth parameters and fledging age, we choose brood size
18 days as factor).

In order to evaluate the within-brood factors of possible
importance such as brood size, brood sex composition and hatching
order, we used chicks from broods with at least two fledglings
(Table 2; because of minor effects of the year (Table 1), chicks of
all three years were included in the ANOVA, in the case of fledging
age for 1999 only, because of significant interannual variation).
Additionally, recognizing the importance of the brood for chick
mass, we calculated brood means of the mass traits for each group
of chicks of the same sex (Table 3). In single sex broods, the
between-brood differences were tested by ANOVA, whereas in
mixed sex broods repeated measures ANOVA was applied,

Fig. 1 Mass growth of the three common tern Sterna hirundo
chicks of brood number 44 in 1999, indicating the mass parameters
recorded. Each age group includes data for 2 days, e.g.1=0,1;
3=2,3; and so on. The first mass of all chicks which hatched on 10
May was recorded on 11 May. The female a-chick was heavier than
the brood mates until age 15 days, before the c-brother became the
heaviest chick at 21 days. The c-chick reached highest peak and
pre-fledging mass within the brood and fledged 2 days later than its
sisters. Growth rates 1–5 days: a-chick 5.8 g, b-chick 4.0 g, c-chick
3.8 g; growth rates 3–13 days: a-chick 7.5 g, b-chick 7.3 g, c-chick
6.3 g
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whereby brothers and sisters were paired within each brood (related
samples) and gender was treated as the repeated measure. Repeated
measures ANOVA increase the chance to detect small differences,
minimizing the noise between broods or years. In order to
disentangle within-brood factor effects on mass traits, we applied
repeated measures ANOVA also to 45 two- (Fig. 3) and 24 three-
chick broods (Figs. 1, 4, Table 4) from 1999 for which we also had
complete information on hatching order (treated as repeated
measure). The sex of each brood mate of specific hatching position
was treated as between-brood factor. The outcome of t-tests of sex-
dependent, age specific body mass differences after the linear
growth period (chicks �15 days old) has been sequentially
Bonferroni-corrected (k=7 tests, Rice 1989, Fig. 2). Information
on certain variables was lacking for some cases (e.g. growth rates,
hatching order) and therefore sample sizes sometimes vary between
analyses. All tests were performed with SPSS/PC 8.0, were two-
tailed and the level of significance was set to P�0.05. Results are
presented as arithmetic means €1 standard deviation.

Results

Is wing length of fledglings as a measure
of size sex-dependent?

A possible influence of sex on wing length was analyzed
by multiple regression with wing length as dependent and
age (x1, when wing length was measured) and sex (x2) as
independent variables. As we expected, wing length was
found to be greatly affected by age (y=51.8+4.3x1+0.73x2;
r2=0.54, df=2, 682, P<0.001), but not by sex (P=0.416).
In 1999, the sample sizes of chicks made it legitimate to
test for possible sex differences in wing length of three
age classes, in which no significant differences were
found either (t-tests; 14–15 days old: sons 116.3€6.6 mm
(50), daughters 117.0€8.3 mm (64), t112=�0.497,

P=0.620; 16–17 days old: sons 127.7€11.5 mm (36),
daughters 127.5€7.7 mm (55), t55=0.093, P=0.926; 18–
19 days old: sons 134.1€11.6 mm (34), daughters
137.4€9.4 mm (36), t68=�1.298, P=0.199).

Variation in mass growth with sex, year and brood size

All growth parameters were significantly influenced by
the brood of which a chick was a member (Table 1).
Significant annual variation was found only in the
fledging age of the young, which was lowest in 1999,
when chicks fledged significantly younger, and in the
peak mass, which was highest in 1998 (Table 1), when
most fledglings grew up as single chicks. But brood size
did not contribute significantly to the variance of the mass
parameters or of the fledging age.

Neither growth rates 1–5 days and 3–13 days nor
fledging age were sex dependent. Peak mass as well as
pre-fledging mass, however (Table 1), were significantly
influenced by the sex of a chick. In all years, sons showed
higher values of peak and pre-fledging mass than
daughters. Sex differences were not significant if only
single chicks are considered which may be due to weaker
statistical power because of small sample size (without
siblings �18 days; ANOVA, peak mass: sex F1,72=0.242,
P=0.624; year F2,72=1.866, P=0.162; pre-fledging mass:
sex F1,72=0.132, P=0.717; year F2,72=0.947, P=0.393).
We focus the following analyses on both mass parameters
affected by sex, peak and pre-fledging mass of the older
chicks growing up with siblings.

Table 1 Variation of growth parameters (mean€SD, n in brackets)
of common tern Sterna hirundo fledglings with sex, year, brood
size and brood number (as random factor). F- and P- values of
ANOVA (type I sums of squares in all tests). The effect of brood

number was significant in all parameters (growth rate 1–5 days
F208,128=2.000, P<0.001; growth rate 3–13 days F166,106=1.417,
P=0.026; other parameters: range of F219,148=2.592–3.750, P<0.001
each); all two-way interactions NS

Parameter Year Sons (n) Daughters (n) ANOVA

Sex Year Brood sizea

Growth rate 1–5 days
(g day–1)

1997 4.6€2.4 (7) 4.4€1.8 (24) F1,320=2.347 F2,217=1.004 F1,189=0.313
1998 4.2€1.9 (34) 3.9€1.8 (33) P=0.126 P=0.368 P=0.577
1999 4.7€2.0 (96) 4.4€2.0 (152)

Growth rate 3–13 days
(g day–1)

1997 8.5€1.0 (4) 7.5€1.5 (23) F1, 271=0.826 F2,175=0.627 F1,147=0.674
1998 7.0€2.0 (23) 7.3€2.4 (23) P=0.364 P=0.535 P=0.413
1999 7.5€1.6 (81) 7.3€1.7 (128)

Peak mass (g) 1997 125.6€7.2 (8) 119.3€12.2 (25) F1,327=6.140 F2,232=3.452 F2,209=2.491
1998 126.7€9.3 (38) 123.9€8.1 (37) P=0.014 P=0.033 P=0.085
1999 123.2€8.7 (109) 121.1€9.0 (164)

Pre-fledging mass (g) 1997 116.0€13.3 (8) 113.4€10.7 (25) F1,305=12.529 F2,229=0.756 F2,222=2.830
1998 119.3€8.8 (38) 113.4€9.9 (37)** P<0.001 P=0.471 P=0.061
1999 116.5€8.7 (109) 113.8€9.0 (164)*

Fledging age (days) 1997 28.0€3.4 (8) 27.2€3.5 (25) F1,332=1.258 F2,233=16.339 F2,209=0.350
1998 28.7€3.8 (38) 28.1€4.2 (37) P=0.263 P<0.001 P=0.705
1999 26.2€2.3 (109) 25.9€2.6 (164)

* P<0.05, ** P<0.01 (within year post-hoc t-tests between sexes, performed if sex had a significant effect such as in peak- and pre-fledging
mass)
a For growth rates, number of chicks hatched (two groups: one or two chicks vs. three chicks); for the other parameters: number of siblings
>18 days

139



Effects of sex, sex composition of the brood,
brood size and hatching order on mass parameters

In broods with two or three older chicks, besides sex also
brood size, sex of the siblings and hatching order may be
important factors in the body mass parameters character-
izing the older young, and of fledging age. The ANOVA
results show (Table 2) that brood number, sex and brood
size 18 days had significant influences on the peak and
pre-fledging mass of the chicks irrespective of brood
composition. In three-chick broods young of both sexes
were lighter. This brood size effect was enhanced in
single-sex broods, however (significant interaction of
brood size 18 days and brood composition, Table 2): for
both sons and daughters from three-chick broods, it was
advantageous to grow up with at least one sibling of the
other sex. The mass growth curves of sons and daughters
reared in such mixed sex broods indicate (Fig. 2) that
mass did not begin to diverge in a sex-dependent fashion
until the chicks were 18 days old. Sex differences were
most pronounced at the age of 21 or 22 days when most
young reached their mass peak.

Among the five factors studied hatching order
had significant effects on fledging age [data from
1999; F2,125=6.189, P=0.003; c-chicks fledged older
(26.8€2.7 days, n=32) than a-chicks (25.8€2.0 days,
n=82) or b-chicks (26.3€2.4 days, n=81)], as well as
brood sex composition (F1,86=8.531, P=0.004) and in its
interaction with sex (F1,135=4.151, P=0.044), and brood
number (F90,90=1.839, P=0.002). That means that sisters
from mixed sex broods fledged 1.5 days younger
(25.4€2.1 days, n=60) than from single sex broods

Fig. 2 Mass growth of sons and daughters from mixed sex broods
in 1999. Each age group includes data for 2 days, e.g.1=0,1; 3=2,3;
and so on. Means€SD are presented. Sample sizes per age group
varied between 43 and 66 sons and 33 and 75 daughters. Significant
sex differences were found only in the older chicks (t-tests with
Bonferroni correction; ** age group 21 days: t108=3.421, P=0.001,
adjusted P<0.01; * age group 25 days: t117=2.782, P=0.007,
adjusted P<0.05)

Table 2 Peak and pre-fledging mass of common tern chicks
dependent on brood number (random factor), sex and the within-
brood factors sex composition, brood size 18 days and hatching

order. Only broods with at least two siblings >18 days are included.
Means€SD, n in brackets

Mass parameter Brood size 18 days Brood composition Sex

Sons (n) Daughters (n)

Peak
mass (g)

2 Single sex 127.7€11.5 (16) 122.2€ 9.9 (62)
Mixed sex 125.3€7.4 (29) 123.7€7.7 (29)

3 Single sex 118.9€8.6 (11) 111.8€11.3 (12)
Mixed sex 125.2€8.7 (44) 119.8€8.8 (45)

ANOVA Sex F1,206=12.474, P=0.001
Brood size 18 days F1,118= 8.013, P=0.005
Brood composition F1,21=0.341, P=0.560
Hatching order F2,209=1.103, P=0.334
Brood size 18 days x brood composition F1,126=4.867, P=0.029
Brood number F126,107=3.233, P<0.001

Pre-fledging
mass (g)

2 Single sex 119.9€7.7 (16) 114.7€10.7 (62)
Mixed sex 119.3€7.2 (29) 113.7€7.4 (29)

3 Single sex 112.6€7.2 (11) 106.3€8.8 (12)
Mixed sex 117.6€9.2 (44) 112.7€8.9 (45)

ANOVA Sex F1,195=17.970, P<0.001
Brood size 18 days F1,119= 4.643, P=0.033
Brood composition F1,122=0.044, P=0.833
Hatching order F2,220=0.102, P=0.903
Brood size 18 days x brood composition F1,126=4.029, P=0.047
Brood number F126,107=3.963, P<0.001

ANOVA (type I sums of squares). All significant two-way interactions are indicated
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(26.9€2.8 days, n=55) which caused a 1-day difference in
fledging age between single sex broods (26.8€2.6 days,
n=75) and mixed sex broods (25.8€2.0 days, n=120).

Recognizing the importance of the brood for chick
development and of the interrelation of chicks within a
brood, we analyzed the data not only at the chicks’ but
also at the brood level. In a first step we calculated a
brood mean of the mass values for each sex (Table 3). The
results correspond well to the analyses at the chick level:
single sex broods with sons did not differ significantly
from those with daughters in peak and pre-fledging mass.
Brothers, however, were significantly heavier than their
sisters. Increasing brood size had negative effects on mass
(significant in single sex broods and in peak mass of
daughters), and the presence of nest mates of the other sex
enhanced peak mass (Table 3; significantly in daughters
owing to higher sample size). No significant effects of
sex, brood sex composition or brood size on fledging age
were found at the brood level.

Sibling growth in two chick broods: first chick
or male chick advantage?

The 1999 data permitted a detailed analysis of the
influences of sex, brood sex composition and hatching
order on mass at the brood level, treating the brood mates
as related samples by repeated measures ANOVA. In two-
chick broods the factors were not found to have signif-
icant effects on peak mass (order as repeated measure,
F1,41=0.312, P=0.579; order � sex a-chick F1,41=1.279,
P=0.265; ; order � sex b-chick F1,41=3.580, P=0.066; sex
as between subject factor: sex a-chick F1,41=1.707,
P=0.199; sex b-chick F1,41=0.651, P=0.424; Fig. 3). The
interaction between order and sex of b-chick was not
significant, but indicated a possible effect on peak mass
especially in the a-sister and b-brother combination
(Fig. 3). In pre-fledging mass, this male chick advantage
was significant (Fig. 3), and also the sex of the a-chick
itself had a slight but significant effect on pre-fledging
mass with sons being heavier than daughters (order as

repeated measure, F1,41=0.789, P=0.380; order�sex a-
chick F1,41=2.068, P=0.158; order�sex b-chick
F1,41=7.716, P=0.008; between subject factors: sex a-
chick F1,41=4.233, P=0.046; sex b-chick F1,41=0.0,
P=0.983). In consequence, hatching order itself had no
effect on masses (Fig. 3), but in mixed broods hatching
order interacted with sex and affected pre-fledging mass
significantly if the brother was the b-chick (Fig. 3; GLM

Table 3 Body mass of sons and daughters dependent on sex
composition of the brood (comp) and brood size (bs) (151 broods
with two or three siblings �18 days old, 1997–1999). Individuals of
the same sex in the same brood are averaged. Differences between

sons and daughters from mixed sex broods were tested with
repeated measures ANOVA (sex treated as repeated measure), all
other comparisons with ANOVA

Parameter Brood composition Sex ANOVA F-ratiosb

Sons (n) Daughters (n) sex brood size

Peak mass (g) Single sex 122.7€9.0 (22) 120.4€9.7 (58) 2.02 9.39**
Mixed sex 124.9€7.7 (71) 122.3€8.4 (71) 9.02** 0.41

ANOVA F-ratiosa Comp 2.68, bs 3.09 Comp 5.62*, bs 8.68**

Pre-fledging mass (g) Single sex 116.1€8.4 (22) 113.9€9.8 (58) 1.82 6.08*
Mixed sex 118.6€8.2 (71) 113.9€7.9 (71) 31.61*** 0.19

ANOVA F-ratiosa Comp 2.60, bs 3.36 Comp 1.36, bs 3.38

* P<0.05; ** P<0.01; *** P<0.001
a All interactions comp � bs NS
b All interactions sex � bs NS, except for peak mass of mixed sex broods (F=4.42, P<0.05)

Fig. 3 Peak and pre-fledging mass of a- and b-chicks in two-chick
broods in1999, compared as related samples of different sex/order
combinations. Columns represent means, lines SD. Within-brood
differences were tested by GLM for repeated measurements with
order as repeated measure (see also text; pre-fledging mass was
significantly different between a-female and b-male chick,
F1,9=10.110, P=0.011)
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for repeated measurements with order as repeated mea-
sure, F1,9=10.110, P=0.011). No significant effects of
hatching order or sex of the siblings on fledging age were
detected.

In 1998, the small number of broods available showed
the same trend as in 1999 (pre-fledging mass: male a-
chick 123€13 g/female b-chick 113€6 g, n=3 broods;
female a-chick 109€4 g, male b-chick 113€2 g, n=3
broods).

Sibling growth in three-chick broods

Complete broods with three well advanced fledglings for
which sex and hatching order were known are rare in
common terns, but were available in sufficient number in
1999 to permit an even better understanding of the
interrelations between growth, hatching order and sex.
Peak and pre-fledging mass of brothers and sisters from
these broods (Table 4) showed again that sex was
interacting with hatching order to affect body mass. In
hatching position b and c, sons were heavier than
daughters, but this difference became especially pro-
nounced in the c-chicks (Table 4): Within sex groups,
sons but not daughters exhibited a positive trend of mass
with hatching order (linearity in peak mass, sons:
F1,34=6.597, P=0.015; daughters F1,36=0.112, P=0.740;
pre-fledging mass, sons: F1,34=4.981, P=0.033; daughters
F1,36=0.919, P=0.345).

The analysis of growth data of these 24 three-chick
broods as related samples showed that in peak mass an
effect of order was significant (repeated measure,
F2,34=5.087, P=0.012), originating mainly from the sig-
nificant interaction of order with the sex of the c-chick:
within a brood peak mass was highest if the c-chick was
a male (F2,34=3.304, P=0.049, cf. Table 4; order�sex
a-chick F2,34=0.419, P=0.661; order�sex b-chick F2,34=
0,284, P=0.754; all between subject effects of the sex of
the chicks of a specific hatching order n.s.). For pre-
fledging mass no significant effect of order (F2,34=1.863,
P=0.171) or of its interactions with the chicks’ sex was
found. Being lighter than the siblings during the first two
weeks of life, the male c-chicks approached the mass of
the siblings when 15 days old (Fig. 4). When 21 days old,
these eight male c-chicks became even heavier than their
siblings, and retained this mass advantage for 3.0€1.3 of
the consecutive synchronous checks of the brood mates
(cf. Fig. 1) before they fledged 3€1 days later than these.

Discussion

Our results were unexpected and exciting: Body mass
growth in old common tern chicks differed in a sex-
dependent way as did pre-fledging survival (Gonz�lez-
Sol�s et al. 2003). Sex-related effects on mass growth
parameters were found in all three years of study
irrespective of the interannual variation in environmental
conditions and brood size. These surprising results might
be related to offspring interactions found within broods
resulting in a son advantage in mixed-sex broods, which
was especially distinct in the c-chick of three-chick
broods. Our findings suggest that even in a species
without sex dimorphism, sons might be more expensive to
rear than daughters. In the discussion we concentrate on
causes and consequences of the sex-related mass param-
eters in the older young.

Table 4 Peak and pre-fledging
mass (g) of chicks in 24 three-
chick broods dependent on
hatching order and sex in 1999.
Means€SD and n (in parenthe-
ses)

Parameter Hatching order Sex of chick

Son (n) Daughter (n)

Peak mass (g) a 120.0€10.0 (15) 118.6€9.1 (9)
b 123.5€8.3 (13) 118.0€11.1 (11)
c 130.1€7.5 (8) 119.5€ 6.4 (16)

Pre-fledging mass (g) a 113.6€10.3 (15) 114.4€7.9 (9)
b 117.5€10.0 (13) 111.9€11.7 (11)
c 121.1€ 5.9 (8) 111.4€7.7 (16)

Fig. 4 Mass growth in eight three-chick broods with a son as c-
chick in 1999 (a-chicks: four sons and four daughters; b-chicks:
three sons and five daughters). Each age group includes data for
2 days (1=0,1; 3=2,3; and so on). Means€SD are presented. Growth
curves are slightly displaced with respect to age to display
overlapping values better. See also Table 4, Fig. 1
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The gender specific mass parameters and their variability

Mortality is highest during the first week of life in chicks
of larids (e.g. Langham 1972; Becker and Finck 1985;
Bollinger et al. 1990), and linked to early and linear
growth rates (Nisbet et al. 1995; Becker 1998; Nager et al.
2000). However, growth rates were not sex dependent,
which corresponds to the findings of Nisbet and Szczys
(2001) in the early growth of roseate terns, which is
predictive for survival to fledging (Nisbet et al. 1999). In
common terns, mass diverged in a sex related way later in
ontogeny, not before the last third of the pre-fledging life,
as in such sexually dimorphic species as black-headed
gulls Larus ridibundus (Ros 1999), Harris’s hawks
Parabuteo unicinctus (Bednarz and Hayden 1991) and
shags (Velando et al. 2000), and led to higher peak and
pre-fledging mass of common tern sons than daughters.

Body mass and other external body measurements of
adult common terns do not differ between sexes except
that the bills are larger in males, a difference that does not
appear before fledging (Becker and Wink 2002). Together
with the independence of wing length of gender until and
after fledging (Becker and Wink 2002), this suggests that
higher individual mass values of sons during the last pre-
fledging week are not size-related and instead reflect
better condition and more body reserves, laid down as
extra fat or muscle tissues. Correspondingly, Nager et al.
(2000) did not find skeletal size differences between male
lesser black-backed gulls in good and those in poor
condition.

The values of both mass parameters characterizing old
chicks were in the range reported by other authors ( North
America, peak mass 123–131 g, pre-fledging mass 111–
113 g, LeCroy and LeCroy 1974; Europe, pre-fledging
mass 118–125 g, Mlody and Becker 1991; Becker et al.
1997; Thyen et al. 1998; Robinson and Hamer 2000). Our
data substantiate the strong recession in weight during the
last days before fledging (6–11 g = 5–9%, Table 1; 12–
18 g = 10–14%, LeCroy and LeCroy 1974), reflecting the
additional physiological and behavioral constraints to the
young during the fledging process and justifying the
separate investigation of both, peak and pre-fledging
mass.

Both parameters were strongly affected by the brood
number, and that means by parental quality, which is
presumably the most decisive factor in body mass growth
of larid young (Coulson and Porter 1985; Bollinger et al.
1990; Nisbet et al. 1995, 1998; Wendeln and Becker
1999; Nager et al. 2000). In this respect, it should be
considered that we investigated only fledged chicks,
which are produced by the successful adults among the
breeding population. This might also explain the low
interannual variation of the mass parameters (Table 1 and
refs. above). The chick number might be adapted to the
rearing capacities of the parents under the specific yearly
environmental conditions, first by the clutch size, later by
chick mortality, during the early chick period when most
mortality of young occurs, as well as in older chicks when
they have the highest food demands and presumably

compete for food (Ricklefs and White 1981; Becker and
Finck 1985; Klaassen et al. 1992). This might explain
why no effects of brood size 18 days on pre-fledging mass
have been found, in harmony with a study of Becker et al.
(1997) in the same colony, and with some findings of
Robinson and Hamer (2000) who investigated arctic terns
Sterna paradisaea and common terns during a favorable
season, when peak and pre-fledging mass were also
unaffected by hatching order. If sex is recognized as a
factor however, our data showed both brood size 18 days
and hatching order can influence mass growth through
interactions with the sex composition of the brood.

Influences of brood mates’ sex: consequences
for sons and daughters

During the phase of high food demands, when common
tern chicks are about two weeks old (Klaassen et al.
1992), food delivery and provisioning efforts of the
parents as well as competition between the siblings may
be extremely high, especially in three-chick broods. In
years of food scarcity, competition between older siblings
results in brood size reduction through mortality in older
common tern broods (Becker and Finck 1985). During
precisely this phase sons become heavier than daughters
(Fig. 2) and might require more food than them (as in the
wandering albatross, Weimerskirch et al. 2000). If the
food demands are not covered, sons might have a higher
mortality risk than daughters skewing the fledging sex
ratio towards the cheaper sex during poor feeding
conditions as in 1998. This is corroborated by the lower
survival rates of sons in Common Terns (Gonz�lez-Sol�s
et al. 2003) and in all-male broods of lesser black-backed
gulls (Nager et al. 2000), and may happen especially with
poor quality parents (Nager et al. 2000; shag, Daunt et al.
2001; common tern, Gonz�lez-Sol�s et al. 2003). These
constraints on the chicks are obvious also in the growth
data of three-chick broods consisting of young with single
sex, not only in single-sex male broods, but also in single-
sex female broods. If a chick’s fate was to grow up in a
three-chick brood, both sons and especially daughters
profited and gained weight if the brood was mixed
(Tables 2, 3). The reasons why increasing brood size had
no weight depressing effect in mixed broods are unclear.

Differences between sexes were not larger but more
distinct in pre-fledging than peak mass, indicating the
additional constraints which the fledging process exerts
on the chicks. Yet might the body mass differences found
between sons and daughters be of actual ecological
significance? On average, sons were slightly heavier than
daughters, between 2.1 and 6.3 g in peak mass (Table 1,
i.e. 1.7–5.3%) or between 2.6 and 5.9 g in pre-fledging
mass (2.3–5.2%) depending on the year. But for individ-
ual chicks the differences may well be important for their
further development in three-chick broods, c-sons had
pre-fledging mass values about 10 g higher than c-
daughters (9%, Table 4). In some individual broods, these
differences were even greater. Energy reserves stored

143



before fledging are important across many avian taxa in
as much as they enable the young to reduce the risk of
starvation during the critical days after fledging (Stamps
1990) and to survive the critical first weeks before
becoming independent. Consequently, body condition or
size of chicks is an important predictor of post-fledging
survival and recruitment in several bird species (Geb-
hardt-Henrich and Richner 1998; Sagar and Hornung
1998; Mougin et al. 2000; Oddie 2000; Weimerskirch et
al. 2000; Perrins and McCleery 2001), and even mass
variation in the range of 5% is known to affect survival
considerably. First data from our long-term study show
that peak and pre-fledging mass was indeed linked with
the probability and age of return of subadult common
terns to the birth colony (Ludwigs and Becker 2003).
Thus, the better body reserves of sons might reduce pre-
and post-fledging mortality, and by that they could be a
mechanism to counterbalance higher mortality of sons
(especially in b- and c-order) and female biased sex-ratios
at fledging. Daughters fledged slightly earlier than sons
(Table 1), but in the analyzed broods with at least two
chicks this trend was not found. For daughters in mixed
broods it may be advantageous to escape direct compe-
tition with brothers.

Interactions with hatching order

Our data show some interaction of sex with hatching
order: (1) mass differences between sons and daughters
were found especially if the son hatched in b-position
(two-chick broods, Fig. 3), or were even highest if the son
was a hatchling in c-position (Table 4); (2) within the
group of sons, there was an increase in mass with
hatching order (Table 4). Fledging 3 days later than the
older siblings cannot explain the growth advantage of c-
sons. Hence, the within-brood mass-difference was con-
stantly found during the synchronous checks of the three
siblings when older than 18 days (Figs. 1, 4). The results
rather suggest a dominance and greater competence of
sons, increasing with hatching order.

At first sight, this is surprising as larid chicks hatching
in b- or c-position are most vulnerable during the first
days of life and show much lower growth and survival
rates, because they have to contend to a greater extent
than the older sibling(s) with several handicaps during the
initial days of life (e.g. Langham 1972; Lemmetyinen
1972; LeCroy and LeCroy 1974; Coulson and Porter
1985; Magrath 1991; Ricklefs 1993; Bollinger 1994;
Nisbet et al. 1995, 1999; Royle 2000; Nisbet and Szczys
2001): They are younger and lighter, less competitive, beg
less vigorously, get food of lesser quality (Kikker 1995),
and suffer from lesser amounts of brooding (Distelrath
1989). However, under favorable environmental condi-
tions, like high food availability as in 1999, the chances of
survival are increasing for the c-chicks.

A possible answer to this puzzle may be found in
the supply of chicks with maternal steroid hormones.
Schwabl (1997, 1999) reported that precocial and semipre-

cocial bird species, in particular the common tern, have
high levels of maternal steroid hormones in the yolk of
eggs, increasing with the laying sequence. Accordingly,
French et al. (2001) describe lowest androgen levels in the
common tern a-egg. In the canary Serinus canaria,
testosterone exposed chicks grew faster regardless of
sex, and enhanced growth was correlated with increased
food begging; they may have higher metabolism (also
characteristic of male birds of several species, see review
in Griffiths 1992), greater muscular strength, and better
developed motor control and sensory systems (Schwabl
1996) resulting in benefits in sibling competition. Recent-
ly, Eising et al. (2001) reported that yolk androgens
enhance growth of black-headed gull chicks as well as the
competitive abilities of later-hatched chicks.

In consequence, steroid hormone levels that vary with
hatching order, and possibly sensitivity to hormones
varying with gender, may be one testable hypothesis for
the sex- and hatching order-specific growth patterns
found in common tern siblings within a brood. Hormonal
differences could mediate brother/sister competition (see
also Bortolotti 1986; Oddie 2000), which may result in
the monopolizing of food by the sons among the brood
mates, and lead to the higher mass of sons in mixed-sex
broods, especially of those hatched in the third position.
Therefore also an investigation of the older siblings’
behavioral interactions is desirable to clarify a possible
dominance of sons within broods of mixed sex.

Consequences for the parents

As in other species, the ability to raise sons may be a
specific quality criterion in common tern parents. This
suggestion is consistent with the finding that a combina-
tion of poor parental condition and a male-biased brood
sex ratio had negative effects mainly on son survival
(lesser black-backed gull, Nager et al. 2000; shag, Daunt
et al. 2001; common tern, Gonz�lez-Sol�s et al. 2003).
Additionally, males were in the minority among the
fledglings, which might result in higher fitness benefits
for the individuals of a pair if they are able to rear a son
recruiting to the population. Hence, a son has greater
chances than a daughter of pairing and recruiting, being
among a surplus of females, supposing the proportion of
females may be also higher among adult breeders. On the
other hand, rearing a son might incur fitness costs by
reduced future reproduction.

If fitness benefits to parents for rearing a son are
greater than they are for rearing a daughter, we would
expect common tern parents to spend more effort in
rearing sons. Admittedly, we did not study parental effort,
but even so the indications are that efforts are unlikely to
be sex-specific, as mass between sons and daughters of
single-chick broods or of single sex broods were not
significantly different (Table 3). Rather, the differences
between brother/sister in mixed broods could be the result
of the parents’ active preference for the son (e.g. Stamps
1990), which in turn raises the question of how parents
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recognize sons and daughters. And why the sex difference
was more distinct in a-daughter and b-brother combina-
tion than vice versa? Common terns are “single loaders”,
carrying and feeding to their chicks one food item at a
time like great tits Parus major (Dhondt and Hochachka
2001), and are able to control the feeds to their offspring.
However, as the mass parameters of sons are linked with
their number per brood and hatching order (see above),
competition between brood mates seems to be the more
plausible explanation of our findings than possible
parental preference of the more demanding sex. In blue-
footed boobies, the larger daughters were fed at similar
rates to the males (Torres and Drummond 1999), and
Lessells et al. (1998) also found no evidence that parental
care varied with brood sex ratio in great tits.

Further research is required to understand the parent-
offspring conflict in this species and to investigate the
discussed possible mechanisms underlying the sex-spe-
cific growth patterns, such as maternal hormone levels
increasing with the laying sequence, brother and sister
competition interrelated with hatching order, and the
parental roles in rearing sons and daughters and possible
preference for one sex, or for a specific sex composition
of the brood (Bortolotti 1986; Velando et al. 2002).
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