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Sex differences in growth rates of Yellow-legged Gull Larus michahellis chicks
Olga Jordi and Juan Arizaga

Department of Ornithology, Aranzadi Sciences Society, Donostia-S. Sebastián, Spain

ABSTRACT
Capsule: Chick growth rates was sex-dependent in an Atlantic Yellow-legged Gull Larus michahellis
population.
Aims: To describe the growth rate of Yellow-legged Gull chicks and sex-associated variations, and
obtain a discriminant function to sex them using morphological data.
Methods: Fifty-two Yellow-legged Gull chicks from a colony in northern Iberia were measured for
body mass, head and bill length, tarsus length and three other bill-length associated variables, from
the hatching date up to the age of 36 days. Birds were sexed using DNA analysis.
Results: Using logistic models, chick growth rates was observed to be similar between the sexes,
while the asymptote was higher among males for the majority of the variables. Discriminant
analyses showed that the variable head+bill was very reliable to predict the sex of >80% of
chicks at an early developmental stage, and 100% of chicks if combined with tarsus length and
two more bill-length associated variables at the age of 35 days.
Conclusions: This is the first study using a discriminant analysis to sex Yellow-legged Gull chicks,
and also the first to describe the growth function for the species. The growth rate varied
between sexes because males showed higher asymptote values within the growth function.
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In bird species with sexual dimorphism, the two sexes
often reach their fledging mass at the same age
(Kalmbach & Benito 2007). For that, the smaller sex
must grow at a faster rate than the larger sex, especially if
the two sexes fledge at similar masses. This is attributed
to the fact that the smaller sex is at a disadvantage in
relation to its siblings and, therefore, a faster growth rate
allows it to have the chance to compete with success for
resources such as food provisioned by parents (Bortolotti
1986). Accordingly, in dimorphic birds with high intra-
brood competition, such as many seabirds (Amundsen &
Stockland 1988, Velando et al. 2000, Kim & Monaghan
2006), the smaller sex is expected to grow at a faster rate
than the larger one.

Knowing the sex is an important requirement in many
studies, becausemany life history processes andbehaviours
are sex-dependent (Weimerskirch & Jouventin 1987,
Cristol et al. 1999, Moore et al. 2003, Dale & Steifetten
2011). However, sex-discrimination in the field is often
difficult, especially in species without apparent
dimorphism in colouration (Chochi et al. 2002). This is
frequently the case in many bird species, however, sexes
may show strong size dimorphism which can be
observed during the chicks’ growth period.

Birds can be sexed through analysis of their DNA
(Griffiths et al. 1998; Eilers et al. 2012). This approach,
however, is relatively time- and economically costly, so in
many circumstances it cannot be used or can only be
applied over a limited number of samples. Alternatively,
discriminant analyses often allow us to sex an individual
with just a few biometric variables (Arizaga et al. 2008),
which are easy and quick to record.

Most gull species have no obvious sexual dimorphism
in their plumage colour, but males and females from
several species commonly differ in body size (Cramp &
Simmons 1983, Olsen & Larson 2004). Thus,
morphological data have been used to sex gulls using
discriminant formulae (Fox et al. 1981, Coulson et al.
1983, Evans et al. 1993, Bosch 1996, Arizaga et al. 2008,
Galarza et al. 2008, Aguirre et al. 2009). Most of such
functions (if not all), however, have been derived for
adult birds and, accordingly, the sex of chicks cannot be
determined using biometrics. There could, however, be
sex-specific variation in morphology during the growth
period, so it might be possible to sex chicks using
biometrics alone.

Among gulls, males are frequently the larger sex
(Cramp & Simmons 1983, Olsen & Larson 2004), but
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relatively little is known about differences in growth rates
between the sexes. The aims of this study were: (1) to
describe the growth rate of Yellow-legged Gull chicks
and the possible sex-associated variations in this rate,
testing whether males grow slower than females and
(2) to obtain a reliable discriminant function method
to sex pre-fledging birds using morphological data.

Methods

Sampling site and protocol

This study was carried out between 16 May and 24 June
2011 at the Ulia colony (42°20′N 01°57′W), municipality
of Donostia-S. Sebastián, Gipuzkoa, in northern Spain.
Around 500 pairs of Yellow-legged Gulls breed in this
colony (Arizaga et al. 2009). The birds in this population
have been shown to have a mean clutch size of 3 eggs/
nest, with a 88.4% hatching rate (Arizaga et al. 2012).
The colony size trend was found to be unclear, probably
stable or showing a moderate decrease (Arizaga et al.
2014). Survival values vary from year to year, with first-
year birds having a mean annual survival of 0.4–0.6,
while adults have a mean annual survival rate of 0.8–0.9
(Juez et al. 2015). Chick diet also varies from year to
year; during the period 2007–09 they were assessed to
feed on marine prey (approximately 40%), garbage
(approximately 40%) or invertebrates of terrestrial origin
(approximately 20%) (Arizaga et al. 2013).

Meteorological/logistic conditions permitting, the
colony was visited daily between 16:00 and 20:00 hours,
with a mean duration of approximately 2 hours per day.
From an original sample of 84 nests in total, 150 chicks
were measured first when found completely out of the
shell and given an age of 1 day. Chicks were measured
subsequently until the day in which the study was
finished, up to a maximum of 36 days from hatching
date. Since hatching date varied between chicks, not all
chicks were measured up to day 36. Chicks older than 36
days were not measured as they were able to fly and,
accordingly, measuring would have been difficult and
potentially risky for their welfare. Chicks were
individually identifiable with a code of coloured Velcro
bands until the tarsus had grown sufficiently to safely fit
a numbered metal ring together with a Darvic ring
(Arizaga et al. 2010). Six measurements were recorded:
body mass (MASS; ±10 g), tarsus length (TARS; ±0.1
mm), and four bill-associated measurements (HEAD;
BILL1, BILL2 and BILL3; ±0.1 mm; Fig. 1).

DNA analyses were used to sex the chicks (Griffiths
et al. 1998). From each bird, we took 2–4 dorsal
feathers that were stored in paper envelopes until they
were analysed in a laboratory at the Department of

Zoology and Ecology, University of Navarra. These
feathers were generally taken when the chicks were older
than 25 days. In the laboratory the DNA fragment
relative to the chromodomain-helicase-DNA-binding
protein (CHD), present in both Z and W chromosomes,
was amplified by means of a polymerase chain reaction
(PCR). PCR fragments were separated by electrophoresis
on a 2.5% agarose gel. According to Griffiths et al.
(1998), a single band of DNA on the gel indicate that a
bird was male (corresponding to CHD-Z gene), while
two bands were present in females (corresponding to
both CHD-Z and CHD-W). Overall, 52 birds were sexed
(28 males, 24 females), hence these birds were the ones
used in our analyses. The sex of the others (98 chicks)
was unknown either because they died before feathers
could be collected or because we did not find them. All
sexed birds were very likely to be alive at least up to day
36 after hatching (J. Arizaga, pers. obs.).

Data analyses

Statistical analyses were conducted with PAST (Hammer
et al. 2001) and R (R Core Team 2014). First, we aimed to
obtain a growth rate function, and test for possible sex
differences using logistic models, since these models
have been reported to fit growth data better than
alternative models, such as the Gompertz and von
Bertalanffy models (Velando et al. 2000). The logistic
function is: y = A/(1+ B(−kt)), where y is the size of
the trait measured; A is the asymptote (the final value
of that trait in that bird, once it is fully grown); B is
the intercept; k is the global growth rate and t is the
age of the bird. In this function, the instantaneous
growth rate, g, is obtained by derivation of the original
function: g = dy/dt = ky(1− y/A); and the fastest

Figure 1. Head and bill-associated measurements recorded in
Yellow-legged Gull chicks.

274 O. JORDI AND J. ARIZAGA

D
ow

nl
oa

de
d 

by
 [

Ju
an

 A
ri

za
ga

] 
at

 0
1:

07
 2

8 
Ju

ne
 2

01
6 



growth rate, gmax, is achieved at the inflection point (A/
2): (kA/2)(1− A/2A) = kA/4 (Ricklefs 1968, 1969,
1973, Richner 1991). The logistic models were run
using the non-linear estimation with the Levenberged–
Marquardt algorithm. The logistic growth curves are
symmetrical with regard to the inflection point. To test
whether this function varied between sexes we first
calculated a function for each individual and, second,
the parameters of the function (A, k and gmax) were
compared for the two sexes using Generalized Linear
Mixed Models on each parameter with the sex as a
factor and nest (brood) identity as a random factor
(chicks were raised in broods containing 1–3 chicks).
We used a linear-link function with Gaussian errors
distribution.

Second, we aimed to obtain a discriminant function
allowing us to sex the chicks. We conducted a stepwise
Discriminant Analysis with all our biometric variables.
Additionally, in order to compare whether the body
mass and body size of the chicks differed during the
growth period, we used Generalized Linear Mixed
Models on these variables every 5 days (days 10, 15,
… , 35), with the sex as a factor and nest (brood)
identity as a random factor. As not all chicks were
measured at the same age, body mass and body size
were assessed from the individual logistic functions
(Velando et al. 2000). Regarding body size, we used
component one (PC1) from a Principal Component
Analysis on all the biometric variables. With an
eigenvalue of 4.88, PC1 explained 97.5% of the
variance and had a high and positive correlation
coefficient with all the variables, so it was an excellent
surrogate of body size.

Results

Tarsus and mass had the greatest k (global growth rate)
values, and the growth rate did not vary significantly
between the two sexes (Table 1). By contrast, A values
varied significantly between sexes except for BILL1

(Table 1; Fig. 2). The constant gmax was also similar
between the sexes, except for the mass (Table 1).

The discriminant function improved with the age of
the chicks, with 80% of the chicks being correctly
sexed at the age of 10 days, and 100% correctly sexed
at the age of 36 days (Table 2).

According to Generalized Linear Mixed Models, body
mass was significantly higher among males after they
were 10 days old (Table 3). By contrast, body size only
differed up to the age of 15 days, without significant
differences between the sexes after 15 days after
hatching (Table 3).

Discussion

The logistic models used to describe the growth patterns
of Yellow-legged Gull chicks showed that the global
growth rate (k) and the maximum instantaneous
growth rate (gmax) were similar between the sexes.
Although in some gulls such rates have been shown to
be similar between the sexes (Chochi et al. 2002), this
does not seem to be very frequent (Jehl et al. 1990).
Thus, in other birds it is often seen that males show
lower global growth rates than females, because the
higher rates allow them to compete with more success
for resources (e.g. Velando et al. 2000). If the first
chick in hatching is a male, however, its larger size and
higher energy demand can result in female siblings
having lower growth rates and also lower survival rates
(Kim & Monaghan 2006). In our case, however,
females did not reach higher growth rates than males.

For most of the measured variables males had a larger
size than females, and had significantly larger asymptotes
within the growth model. As the sexes had similar
growth rates for the measured traits, males reached
their mature size later than females. A longer rearing
period in males is associated with a higher parental
dependence, and this may have direct consequences on
nestling survival (Torres & Drummond 1997). In our
population, however, it remains to be investigated

Table 1. Parameters (mean ± se) of the logistic models (A, asymptote; k, growth constant; gmax, maximum instantaneous growth rate)
fitted to quantify individual growth in body mass (g) and the different morphometric variables (mm) of Yellow-legged Gull chicks (nmale

= 28; nfemale = 24). Sex differences were tested with Generalized Linear Mixed Models with sex as a factor and nest identity as a random
factor.

A k gmax

Male Female P Male Female P Male Female P

MASS 789.5 ± 22.6 708.6 ± 21.8 0.005 0.155 ± 0.006 0.148 ± 0.010 0.573 30.11 ± 1.18 26.04 ± 1.78 0.006
TARS 68.5 ± 0.9 64.4 ± 0.7 0.003 0.104 ± 0.002 0.158 ± 0.047 0.118 1.77 ± 0.03 2.54 ± 0.76 0.848
HEAD 118.7 ± 1.4 113.3 ± 1.9 0.028 0.071 ± 0.001 0.072 ± 0.001 0.736 2.10 ± 0.03 2.02 ± 0.04 0.099
BILL1 50.9 ± 0.9 48.5 ± 1.1 0.083 0.075 ± 0.002 0.075 ± 0.002 0.984 0.95 ± 0.01 0.90 ± 0.02 0.157
BILL2 22.1 ± 0.4 20.6 ± 0.5 0.015 0.060 ± 0.001 0.064 ± 0.002 0.268 0.33 ± 0.01 0.33 ± 0.01 0.677
BILL3 55.8 ± 35.8 17.8 ± 0.4 0.031 0.066 ± 0.003 0.077 ± 0.004 0.089 0.51 ± 0.18 0.33 ± 0.01 0.557

Note: P is significant if P < 0.05.

BIRD STUDY 275

D
ow

nl
oa

de
d 

by
 [

Ju
an

 A
ri

za
ga

] 
at

 0
1:

07
 2

8 
Ju

ne
 2

01
6 



whether males have lower survival rates than females
during this period of life.

The discriminant function was reported to have an
acceptable power for birds over 30 days old, and for
chicks over 35 days we were able to sex all successfully.
The variable head+bill length had the highest
discriminant capacity, although at the age of >35 days

the best predicting variable was tarsus length. Both
variables have been reported to have a high discriminant
capacity in other gull species (Fox et al. 1981, Coulson
et al. 1983), and in the adult Yellow-legged Gull in
particular (Arizaga et al. 2008, Galarza et al. 2008).

Several studies have focused on sexing adult Yellow-
legged Gulls (Bosch 1996, Arizaga et al. 2008, Galarza

Figure 2. Logistic models used to quantify the growth rate function in the two sexes for each variable.
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et al. 2008, Aguirre et al. 2009). All of these include both
feather-length (mostly wing length) and skeletal
measures (tarsus length and some bill-length
measurements) in their formulae which, however,
cannot be used in chicks while they are still growing.
The size of the gulls can differ between populations
(Evans et al. 1993, Aguirre et al. 2009), and so the
discriminant function provided here is likely to be
acceptable for the northern Atlantic Yellow-legged Gull
subspecies (Larus michahellis lusitanius), which shows
rather little size variation along its range of distribution
(Galarza et al. 2008). However, the function should be
tested for the Mediterranean birds (Larus michahellis
michahellis), which have shown to be larger than the
Atlantic ones (Bosch 1996).

In conclusion, we found no differences in the growth
rates between the sexes, but their final size values did
differ, hence males needed more time to reach their
asymptotic size. Discriminant analyses showed that the
variable head+bill was very reliable in predicting the
sex of >80% of chicks at an early developmental stage,
and 100% of chicks if combined with tarsus length and
two more bill-length associated variables at the age of
35 days.
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