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Abstract We investigated whether delayed plumage mat-
uration occurred in king penguins (Aptenodytes patagoni-
cus). Therefore we examined the relationships between age
and sex on spectral properties and size of two colored plum-
age patches and a UV-reflective beak spot, using known-age
cohorts. Unlike the colored patch on the breast, we found
age differences in ear and beak coloration. These results sug-
gest that head ornaments in king penguins could signal sex-
ual maturity or social status. No sex differences were found
in the intensity of colored ornaments, which can result from
mutual mate choice or genetic correlation between sexes.
Size of colored patches did not relate to age or sex.
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Introduction

Many bird species perceive ultra-violet (UV) light and
exhibit bright colors and extravagant ornaments including
UV reflectance (Cuthill et al. 2000; Hart 2001; Hart and
Hunt 2007), which are presumed to act in the process of
sexual selection (Andersson 1994; Darwin 1871). Studies
of some of these ornaments reveal that they are involved in
species recognition and/or in mate choice (Jones and
Hunter 1998, 1999). By examining the phenotype of a
potential competitor or mate, one individual can assess the
quality of another in terms of competitive ability or the
direct or indirect benefits that would accrue from mating.
Indeed, variation in ornamentation may reflect different
indicators of fitness, such as immune system strength
(Mgller et al. 1998, 1999), life history traits (Roulin et al.
2003), parental investment (Saino et al. 2002), survival rate
(Horak et al. 2001), social dominance (Kraaijeveld et al.
2004) or breeding status (Jones et al. 2000). Therefore, sec-
ondary sexual characters are often honest signals, allowing
males in good condition to express the most extravagant
ornaments and therefore be more attractive to females and
more dominant in intrasexual contests (Andersson 1994,
Hamilton and Zuk 1982; Hill 1992). Colored ornaments
are, however, not male-specific because in many species
females can express the same phenotype as males. This
suggests that sexual selection can also act on females (Hunt
et al. 1999; Jones and Hunter 1998, 1999) or that sexes are
genetically correlated (Rice 1984). Mutual sexual prefer-
ences and mutual ornamentation are also likely to be found
in species in which each parents contribute significantly to
rearing the offspring, especially if breeding is costly
(Bennett and Owens 2002; Kokko and Johnstone 2002;
Kraaijeveld et al. 2007).
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In many bird species, a delay in the achievement of adult
appearance is found. In numerous seabirds (e.g. Gibson
1967; Weimerskirch et al. 1989) and passerines (Komdeur
et al. 2005; McDonald 1993), the transition from juvenile
to adult status is indeed accompanied by a distinct change
in the intensity and size of coloration, indicating that plum-
age characteristics may signal age. Several hypotheses that
relate to the degree of competition for resources within spe-
cies have been proposed to explain the adaptive signifi-
cance of delayed plumage maturation (Beauchamp 2003).
The “status signaling hypothesis” suggests that juveniles
actively advertise their age and their subordinate status to
initially profit longer from parental care and then to
decrease the amount of aggressive interaction with older
birds. This strategy should therefore provide a higher sur-
vival to the juveniles even though they are delayed in their
reproductive attempts (Beauchamp 2003; Conover et al.
2000). Moreover, there is some evidence that the size and
color of ornaments can also vary between adults seasonally
(Ornborg et al. 2002; Tubaro et al. 2005), or with fecundity
or pairing status (Badyaev and Duckworth 2003; Childress
and Bennun 2002), suggesting that individual plasticity in
ornamentation could, in some situations, indicate both age
and reproductive status. In this study we investigated the
potential relationships between age and sex on spectral
properties and size of two colored plumage patches and a
UV-reflective beak spot in the king penguin, Aptenodytes
patagonicus.

Although many members of the penguin family are char-
acterized by the presence of seemingly ornamental traits,
little is known about their signal function (Jouventin 1982;
Massaro et al. 2003). The king penguin is a suitable species
to study the function of coloration because individuals have
distinct and conspicuous yellow-orange feather patches on
both sides of their heads (McGraw et al. 2004) and a con-
spicuous ultraviolet (UV) reflectance spot on their lower
mandible (Dresp et al. 2005; Dresp and Langley 2006; Jou-
ventin et al. 2005). These cephalic ornaments have been
thought to play a role in species discrimination, as their
position makes them visible during the long periods when
birds are swimming at the ocean surface (Martinez 1992).
Removal of colored feather patches in several species of
penguins decreased the ability to mate in both sexes
(Jouventin 1982), suggesting a potential role in sexual
selection beyond simple species recognition. In king pen-
guins, the experimental decrease of ear patch size has been
found to increase time to pairing, which supports the
hypothesis that their colored plumage is sexually selected
(Jouventin et al. 2005). Moreover, like other penguin spe-
cies, king penguins possess a complex visual courtship dis-
play where both partners exhibit their colored head
ornaments (Jouventin 1982; Stonehouse 1960). For exam-
ple, in the “ecstatic” display (flippers out, and beak pointed
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straight up; Jouventin 1982), males and females promi-
nently display their beak spot and head color to potential
mates. Both sexes display apparent similar color pattern.
King penguins usually breed biennially with different part-
ners and the sexes contribute equally to incubation and rais-
ing the single chick (Descamps et al. 2002). The average
age at first breeding is 5 years but a small proportion of
birds try to breed at 3 and 4 years of age (Weimerskirch
etal. 1992; Le Bohec et al., unpublished data). The occur-
rence of extra-pair paternity is poorly known in this species
but it may occur, given that females have been observed
copulating with several males during the courtship period
and before having established a social pair bond (Olsson
et al. 2001). The level of competition for mates may thus be
high during the breeding season. King penguins might also
conform to a pattern described by Kraaijeveld (2003), in
which high levels of mutual ornamentation are related to
high divorce rates in birds, which can lead to a high level of
competition for mate or resources. In dense penguin colo-
nies, the level of aggression between conspecifics is related
to the reproductive status of the birds and the location of
their territories inside the colony (C6té 2000).

Our main objectives here were twofold. First, we wanted
to study whether color characteristics of king penguin orna-
ments vary with age. We predicted a difference between
cohorts for two main reasons: in king penguins, old birds
are more experienced and more successful in reproduction
than young ones; therefore, if colored ornaments are honest
signals, they are likely to carry information about individ-
ual quality including age. Following the idea of the “status
signaling hypothesis”, selection may have favored a delay
in plumage maturation as juveniles may gain direct advan-
tages in signaling their subordinate status. By indicating to
sexually mature birds that they are not a threat for resources
acquisition (e.g. mate and nest site), juveniles may reduce
the rate of aggression by conspecifics and consequently
may increase their chance of survival. Second, we wanted
to investigate whether size and color of ornamental patches,
including their UV reflectance, varied with sex. We pre-
dicted that the sexes would be indistinguishable on the
basis of their colored phenotype because king penguins’
mating system can favor the maintenance of mutual orna-
mentation.

Materials and methods

Study area and data collection

Our study was conducted during the breeding season in
November 2003 in the king penguin colony “La Grande

Manchotiere”, comprising circa 16,000 breeding pairs
(Delord etal. 2004), at Possession Island (46°25'S,
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51°45'E) in the Crozet Archipelago. A sub-colony (0.8 ha)
consisting of about 10,000 pairs has access to the sea by
three pathways. Antennae allowing detection of electronic
tags (Texas Instrument Recognition and Identification Sys-
tem (TIRIS)) are permanently buried in the ground on each
pathway and connected to a computer for data collection.
An electronic TIRIS transponder tag of 0.8 g has been
implanted under the skin of 2,444 birds over the six study
years, allowing us to recognize individuals as they enter or
leave the sub-colony (Gendner et al. 2005). Because chicks
and adults have been implanted with transponders in each
of the years from 1998 onwards, we could assign the exact
age to the birds marked as chicks. For this study we cap-
tured 49 implanted individuals after the antenna at the
entrance to the sub-colony detected them and alerted us to
their presence. We measured the color of these birds
(described below) and divided them into four age groups: 1
(2 and 3years old; n=19), 2 (4years old; n=12), 3
(5 years old; n =9) and 4 (6 years old; n = 9). These groups
were composed of birds of exact known age. Birds of 2
(n=2) and 3 (n = 17) years old have been pooled together
in one age group to increase the power of the statistical
analyses.

Of these birds, 20 were sexed using the molecular
method of Griffiths et al. (1998). For those that were not
blood sampled (n =22), we determined sex on timing of
arrival during the breeding season. The alternation and
duration of the sojourns at sea and ashore of the implanted
birds, allowed us to determine their sex. At the beginning of
the breeding cycle, males are ashore for about 1 month to
display and to provide the first long shift of incubation
whereas females leave the colony just after courtship and
laying (Stonehouse 1960; Weimerskirch et al. 1992). In the
20 cases where we had both blood samples and data on the
birds’ time of arrival, the sex as determined by molecular
techniques always matched the sex as determined from
arrival data, suggesting that the second method is reason-
ably reliable. Seven of the 49 birds studied could not be
sexed because no blood samples were available and
because they were too young to be sexed according to their
reproductive cycle. In total, 15 females and 27 males were
sexed.

Reflectance spectrometry

We measured reflectance characteristics from three body
regions: the breast, the ear patch and the side of the beak
(Fig. 1) using an S2000 spectrophotometer (Ocean Optics
Inc., Dunedin, FL, USA). Measurements were taken per-
pendicular to the feather and to the beak horn surface at the
same locations for all birds (Fig. 1). All reflectance mea-
sures were divided by the corresponding reflectance from a
white Spectralon standard, a perfect reflector. The spectro-

Fig. 1 Colored ornaments of the king penguin (Aptenodytes patagoni-
cus) and representation of the three areas measured with the spectro-
photometer /. Beak spot. 2. Ear patch. 3. Breast patch

photometer was calibrated with the white standard at the
beginning of each measuring session. A probe sheath was
used to exclude ambient light and to standardize the dis-
tance between the probe and the feathers (about 3 mm). For
each bird we took three measurements of each of the three
regions by lifting and replacing the fiber-optic at the same
place.

Color variables and color patches

We summarized our reflectance data by calculating derived
measures of the spectral shape to approximate five dimen-
sions of color: hue, UV-hue, chroma, UV-chroma and
brightness (Endler 1990, Montgomerie 2006). Hue and
UV-hue were, respectively, measured as the values of the
wavelength at 600 nm and at the maximum reflectance
within the UV wavelengths (320400 nm). Chroma is a
measure of saturation of a color and was calculated as the
difference between the values of maximum and minimum
reflectance (R), relative to the average reflectance across the
curve ((Rpuy — Rinin)/Ryverage 320-700)- We also calculated
UV-chroma, the spectral saturation in the UV region (320-
400 nm), as the sum of reflectance in the UV region relative
to the sum of reflectance from 320 to 700 nm (Sum(R35y_400)/
Sum(R53,0_700))- Brightness, the spectral intensity, was esti-
mated as the sum of reflectance from 320 to 700 nm
(Sum(Rs339_700))-

We took high resolution pictures of all the birds we han-
dled, using a SONY DSC-P9 4.2 megapixel digital camera.
We quantified natural variation in the size of auricular and
beak patches of all birds, by including in the picture a ruler
next to the bird in the same plane as the feathers. All photo-
graphs were taken using the camera’s flash inside a shelter,
without zoom and at about 20 cm from the bird to create
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standard conditions. We then analyzed the pictures using
the public domain NIH Image J program (developed at the
US National Institutes of Health and available for free
download; http://www.rsb.info.nih.gov/ij/). For each patch,
size was measured twice per individual and then averaged
for the analysis. Breast patch was excluded from the analy-
ses because of its diffuse and graded nature.

Data analyses

When the data were normally distributed, we compared the
color parameters between the different age-classes using
one-way ANOVA (Scherrer 1984). When application con-
ditions for ANOVA were not met (even after transforma-
tion of the data), a Kruskal-Wallis test (Siegel and
Castellan 1988) was used to compare more than two sam-
ples. Statistical analyses were performed with StatSoft, Inc.
(2004) STATISTICA® (data analysis software system),
version 7. Mean were expressed with standard deviation
(SD) and with a coefficient of variation (CV). All statistical
tests were two-tailed. Bonferrroni adjustment was applied
to correct for multiple testing (Rice 1989) resulting in sig-
nificance level set at P < 0.01 (beak) and P < 0.02 (ear and
breast).

Results
Relationship of age and sex to color intensity

We found that beak spectra exhibited a bimodal distribution
with a high peak in the UV region and a second peak in the
orange wavelengths (Fig. 2a), whereas the breast and ear
patch spectra presented a simple distribution with maxi-
mum reflectance in the orange-red region (Fig. 2b, c). Beak
spot reflectance increased with age, whereas this pattern
was almost absent in the ear and breast regions (Fig. 2).
Analyses of the color parameters showed that all the color
and UV variables of the beak horn, apart from the UV
chroma, and of the ear patch, apart from the hue, presented
significant variation between age classes (Table 1; Fig. 3).
None of the variables of the breast patch varied with age
(Table 1). Color variables did not differ between males and
females (Table 1). The mean (£SD) and the coefficients of
variation of the color variables measured in the beak, ear
and breast areas are presented in Table 2. Figure 3 repre-
sents the traits that showed significant variation with age;
specifically, the color and UV variables of the beak horn
and the chroma and brightness of the ear patch. Beak UV
hue and beak brightness showed a linear increase with age
(Fig. 3b, e) whereas for the other variables, values varied
non-linearly with age and showed a difference mainly in the
6 years old age class (Fig. 3a, c, d, f).
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Fig. 2 Reflectance spectra of the beak horn (a), of plumage from the
ear patch (b) and from the breast (¢). Each spectrum is the average of
individual values of one age class. The different age groups have been
labeled on the beak spectrum a 2-3 years old (n=19), 4 years old
(n=12), 5 years old (n =9) and 6 years old (n = 9). Further details of
the values used to generate these spectra are presented in Table 2

Relationship of sex and age to color patch size

Size of the colored patches varied between 8.2 and
21.1 cm? for the ear patches and between 4.1 and 9.6 cm?
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Table 1 Influence of age and sex on the color parameters of the beak, the ear and the breast areas

Age groups P Post hoc tests Sex P
Beak
Chroma F349=8.10 0.00 1vs.4,2vs.4,3vs. 4 Fi4,=049 0.48
Brightness Fi49=T7174 0.00 1vs.2,1vs.3,1vs.4,2vs.4,3vs. 4 Fy4,=0.16 0.69
Hue Hj 49 =20.74 0.00 1vs.4,2vs.4,3vs. 4 H, 4,=0.30 0.58
UV chroma F349=3.62 0.02 Fy4,=0.02 0.88
UV hue F349=183.35 0.00 1vs.2,1vs.3,1vs.4,2vs.4,3vs. 4 Fip=148 0.23
Ear
Chroma Hj 49 =35.46 0.00 1vs.2,1vs.3,2vs.4,3vs. 4 H, 4, =0.05 0.81
Brightness F349=38.25 0.00 1vs.2,1vs.3,2vs.4,3vs. 4 Fi =021 0.65
Hue Hj 49 =1.07 0.78 H, 4, =496 0.03
Breast
Chroma F349=0.57 0.64 F4=027 0.61
Brightness F349=0.46 0.71 Fi4,=0.01 0.93
Hue Hj 49 =2.62 0.45 Hy 4, =178 0.19

Analysis of variance: one-way ANOVAs or Kruskal-Wallis tests

Significant values after a Bonferroni adjustment are denoted in bold

When color variables were related with age, significant post hoc tests between age groups are shown (Tukey post hoc test (parametric) or Dunn

post hoc test (non-parametric)

Groupl 2-3 years old (n = 19), group2 4 years old (n = 12), group3 5 years old (n = 9) and group4 6 years old (n = 9)

for the beak spots. The absolute patch size did not differ
between sexes (ANOVA: ear patch F,,, = 0.47, P =0.50;
beak patch F ,, =0.00, P =0.98) nor between age classes
(ANOVA: ear patches F;49=0.78, P =0.51; beak patch
F3,49=1.63,P=0.19).

Discussion

We found that age contributed significantly to inter-individ-
ual variance in color and UV characteristics of the beak
horn and to some color variation of the ear patches. Breast
coloration, however, did not vary with age. In addition, we
found that the sexes were indistinguishable on the basis of
their colored phenotypes. Sex and age did not explain any
of the individual variation in ornament size.

Age, UV and coloration

As expected, we found age-related variation in many of the
color characteristics of the beak horn and ear patches.
Breast patch color variation, however, did not relate to age.
It is already known that breast color is an honest signal for
immune system strength in this species (Nolan et al. 2006).
Therefore, the role of this colored patch seems to be related
to bird quality but did not carry information about age or
breeding status. Moreover, we found that all color and UV
characteristics of the beak spot, apart from the UV chroma,
varied with age, as did the chroma and brightness of the ear

patch. This suggests that beak horn, at least, is important in
signaling age because its brightness and its UV hue exhib-
ited a positive increase with age. The spectra of the different
body areas support these results; beak spot reflectance
increased with age whereas this pattern was almost absent
in the ear and breast regions. In addition, the age effect on
the other beak and ear color variables was not linear and
was caused mainly by the oldest age class. Thus, our results
suggest that delayed plumage maturation is occurring in
king penguins. Observations of naturalists already reported
that beak color turns brighter after several moults (Harrison
1993; Martinez 1992), and here we present evidence that
this variation is related to age. Two non-exclusive hypothe-
ses can be formulated in regards to these results: the beak
and the ear color or UV characteristics might play a role in
signaling breeding or social status or they might play a sex-
ually selected role as honest signals of individual quality.
In the first case, immature birds might gain direct bene-
fits in actively advertising their age and their subordinate
status through some of their head color and UV characteris-
tics if it reduces the rate of aggression by older birds and
increases their subsequent survival. In king penguins that
live in dense colonies, the competition for mates and nest
sites during the courtship period is intense and associated
with a high rate of agonistic encounters (C6té 2000). Birds
that mate and start breeding early are indeed favored
because they increase their chance of getting the best breed-
ing locations in the colony that are less exposed to preda-
tion, which might give them a higher reproductive success
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Fig. 3 Representation of the
mean color and UV variables of
the beak horn and the ear colored
patch (£SE) that presented sig-
nificant relation with age groups:
Beak hue (a), beak UV hue (b),
beak chroma (¢), ear chroma (d),
beak brightness (e), ear bright-
ness (f); 2-3 years old (n = 19),
4 years old (n = 12), 5 years old
(n=9) and 6 years old (n =9).
* denoted significant difference
between age groups
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Table 2 Mean values (£SD) and coefficients of variation (CV) of the color parameters in the regions of the beak, the ear and the breast measured

for each age groups

Age groups Chroma UV chroma Brightness Hue UV hue

Mean +£SD CV Mean +£SD CV  Mean +SD CvV Mean +SD CV Mean =£SD CV
Beak
2-3 097 012 1242 030 0.03 940 30,249.77 5,801.16 19.18 551.12 4875 885 3197 7.10 2221
4 096 030 3136 030 0.02 6.78 43384.64 3,19893 737 53496 0.15 0.03 48.04 6.57 13.69
5 091 031 3356 031 0.01 3.63 51,04049 11,529.58 2259 53496 0.15 0.03 56.12 9.83 17.51
6 073 032 4426 032 0.00 0.02 6893141 341296 495 566.26 5244 926 76.01 3.50 4.60
Total 0.89 0.26 3040 031 0.01 496 48401.58 598566 13.52 546.83 2537 454 53.03 6.75 14.50
Ear
2-3 1.99 032 16.05 22,733.11  7,939.18 3492 558.04 5520 9.89
4 096 0.15 15.64 43,384.64  3,19893 737 53496 0.15 0.03
5 091 0.16 17.46 51,040.49 11,529.58 22.59 53496 0.15 0.03
6 1.97 026 1297 21,131.92  8,846.66 41.86 550.17 45.77 8.32
Total 146 022 15.53 34,572.54  7,878.59 26.69 54453 2532 4.57
Breast
2-3 214 025 11.50 23,473.08  7,644.84 3257 543.01 3556 6.55
4 225 022 9.88 22,060.07  9,026.72 40.92 547.53 43.80 8.00
5 219 020 9.31 20,352.50  5,502.10 27.03 534.81 0.17 0.03
6 219 021 9.62 20,950.04  5,541.62 2645 549.59 44.02 8.01
Total 220 022 10.08 21,708.92  6,928.82 31.74 543.73 30.89 5.65

2-3 years old (n = 19), 4 years old (n = 12), 5 years old (n = 9) and 6 years old (n =9)

@ Springer



Polar Biol (2007) 31:53-61

59

(Coté 2000). Moreover, king penguins are known to per-
form copulations with multiple males before definitive pair-
ing, which suggests the possibility of extra-pair paternity in
this species (Olsson et al. 2001). Birds thus have to vigor-
ously defend their potential mate and their small territory.
Consequently, selection might lead to age related matura-
tion of breeding signals if, by advertising their age, young
birds indicate that they are not a threat for mature birds in
the competition for resources such as nest sites or mates.

In the second case, coloration and UV reflectance could
be used by birds as a cue for mate choice. Life-history the-
ory predicts that individual fitness should change positively
with age, at least to a certain point, because reproductive
performance increases with efficiency of learned foraging
skills and breeding experience (Forslund and Part 1995;
McGraw et al. 2001). In king penguins, recruitment rate
into the breeding population increases with age as birds are
on average sexually mature around 5 years old. Through
assessing plumage and beak colors, king penguins may
benefit by knowing the age of their potential mate as it refl-
ects on that individual’s “quality”. Thus, head coloration
might provide access to indirect information about individ-
ual age and could help to exclude juveniles from reproduc-
tion i.e., could help to discriminate between experienced
and inexperienced breeders. The results of Jouventin et al.
(2005) reporting that UV reflectance among paired king
penguins was higher than among courting birds may sup-
port this hypothesis.

Structural color including UV reflectance from plumage
and beak tissue appears to be an honest signal that can act
in the process of mate choice, and could reflect the compet-
itive ability of birds (Hunt et al. 2001; Pearn et al. 2003;
Siitari et al. 2002, Siefferman and Hill 2005). We found
here that beak spot spectra exhibited a significant peak in
the UV region (320400 nm; Fig. 2a), supporting previous
studies that reported a strong UV reflectance from the beak
spots of king and emperor penguins (Aptenodytes forsteri)
(Jouventin et al. 2005). Moreover, because UV beak reflec-
tance increases dramatically when king penguins reach
breeding age, and because UV-reflective ornaments are typ-
ically found in body regions associated with active court-
ship displays (Hausmann et al. 2003), we suggest that UV
reflectance may be associated with the birds’ courtship
behaviors and may play a role in mate choice for the most
experienced breeders.

Sex and coloration

Males and females exhibited the same color characteristics,
which could support the idea that plumage dimorphism is
often significantly associated with sex differences in paren-
tal care such as brood provisioning or incubation (Bennett
and Owens 2002; Kokko and Johnstone 2002). King

penguins are characterized by social monogamy during
their breeding cycle and by shared reproductive investment
between the sexes because males and females participate
equally in incubation and raising the single chick. There-
fore, penguin coloration patterns might have evolved simi-
larly between males and females because in species with
biparental care the choice of the partner is a crucial step to
achieve reproduction. The fact that both sexes reflect UV
from their beak and have similar color patterns suggests
that males and females may use the same cue to select a
partner. However, even though penguin ornaments may be
under the pressure of mutual sexual selection the possibility
of genetic correlation between the sexes cannot be dis-
carded. Females might in fact develop a male-ornament not
as the result of a selection process, but as a result of genes
transmitted from fathers to daughters (see review in Kraaij-
veld et al. 2007). Hence, in king penguins, resemblance
between sexes could be either a by-product of genetic cor-
relation between sexes or could be a result of mutual sexual
selection acting via mutual mate choice and intra-sexual
competition, or a combination of the two. We are currently
examining this question in more detail and with a larger
sample size in another study.

Size of colored ornaments

We know from previous work that colored ear patch size
influences the probability of pairing in king penguins (Jou-
ventin et al. 2005). In this study, absolute size of colored
ornaments did not differ between sexes and between
cohorts although it presented inter-individuals variation.
Consequently, ornament sizes seem to have evolved simi-
larly for both sexes, perhaps through mutual mate choice.
Even though patch size seems to be under the influence of
sexual selection, which could explain the maintenance of
inter-individual variation, its signal content does not appear
to include information about age. In a separate study of
king penguins at the same site, ear patch size showed a role
in mediating aggression among incubating birds, suggest-
ing that individuals may bear a social cost for elaborating
this signal (V. Viera, personal communication).

Our data suggest that delay in plumage maturation
occurs in king penguins as has been shown for other spe-
cies. Therefore, spectrophotometry can be used in king pen-
guins as non-invasive method to identify individual age.
Until now, only the orange color was thought to change
with age in king penguins (Harrison 1993; Martinez 1992)
but our results suggest that color communication among
king penguins is more complex than was previously
thought. Further investigations are needed to test if the
expression of UV and other colorations are costly signals,
and to tease apart the specific roles they play in sexual and
natural selection.
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