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Several studies have suggested that peak plumage reflectance in birds matches color preferences used in mate choice. We
tested this hypothesis in adult satin bowerbird males that have a short-wavelength saturated blue-black plumage with a
peak reflectance in the UV. We found that the chroma of the blue (405!480 nm), but not the peak reflecting UV (320!
400 nm) portion of the male plumage spectrum was significantly correlated with male mating success. A plot of
correlation coefficients between male mating success and plumage saturation showed a well-defined peak in the blue. This
suggests that: 1) blue plumage coloration is more important in mate choice than UV or other colors, and 2) that there is a
mismatch between the peak reflectance of the plumage of male satin bowerbirds and the range of plumage wavelengths
that are correlated with male mating success. This indicates that it is not safe to infer a role of UV or other colors in mate
choice simply because of a peak in plumage reflectance.

Colorful plumage displays are among the most striking
examples of sexually selected traits (Darwin 1871, Andersson
1994), and these displays are often highly elaborated in
polygynous bird species (Oakes 1992, Johnsgard 1994).
Specific colors are important for mate choice in many
polygynous and sexually dimorphic species (e.g. Collias et al.
1979, Stein and Uy 2006, Siitari et al. 2007). Among the
spectral colors, ultraviolet (UV) reflectance and perception is
widespread in birds (Eaton and Lanyon 2003) and much
attention has been given to the importance of UV plumage
reflectance (e.g. Guilford and Harvey 1998). UV reflectance
has been considered a ‘‘special signal’’ because of its
suggested special suitability for short-range signaling, generally high contrast with backgrounds and invisibility to
some predators (Silberglied 1977, Bennett and Cuthill 1994,
Hausmann et al. 2003), and this has resulted in numerous
studies investigating the role of UV in avian mate choice. In
many avian species UV plumage coloration does affect male
mating success (Andersson and Amundsen 1997, Andersson
et al. 1998, Hunt et al. 1998, Pearn et al. 2001) and this has
led to the suggestion that high UV reflectance indicates that
it has an important role in mate choice (Hausmann et al.
2003). However, recent studies of species with UV reflecting
plumage (Hunt et al. 2001, Ballentine and Hill 2003, Liu
et al. 2007, Siitari et al. 2007) suggest that the proposed
relationship between UV reflectance and plumage attractiveness does not hold in all cases.
In satin bowerbirds Ptilonorhynchus violaceus, adult
males have an iridescent short-wavelength (UV-blue)
saturated plumage with peak reflectance in the UV (Doucet
80

and Montgomerie 2003a), and male courtship display
involves rapid extensions of both wings that produce bright
flashes likely visible to females standing in the bower. The
sexually dimorphic plumage coloration and display of
plumage during courtship suggests that it may be an
important element of mate choice in satin bowerbirds.
Although how plumage coloration affects mate choice has
long been discussed in bowerbirds (Gilliard 1956, 1969,
Diamond 1986, Kusmierski et al. 1993, Kusmierski et al.
1997, Endler et al. 2005, Borgia et al. 2007), previous
studies of bowerbird plumage have not found a significant
relationship between adult male plumage coloration and
male mating success (Doucet and Montgomerie 2003a,
Madden et al. 2004). Madden et al. (2004) found that male
spotted bowerbirds that owned a bower had larger crests
than both females and males that did not own a bower, but
they did not find a relationship between crest size and
male mating success and did not report any relationships
between crest color and male mating success. Doucet
and Montgomerie (2003a) found that bower quality and
number of bower decorations were significantly correlated
with the first principal component (PC1) of a multivariate
plumage analysis. This suggested the possibility that
plumage reflectance may be important in sexual signalling
in satin bowerbirds. However, they used correlated proxies
(bower quality and number of bower decorations) for male
mating success and their PC1 included a mixture of UV and
non-UV specific plumage variables (see methods). Therefore, it is unclear to what extent UV reflectance explains
male attractiveness in their analysis and how plumage

reflectance of any color is related to male mating success in
satin bowerbirds.
Measuring the relationship between plumage color and
mating success is complicated by the continuous nature of
the bird visible portion of the plumage reflectance spectrum
and it can be difficult determining which parts of this
spectrum (if any) contribute to male mating success. Siitari
et al. (2007) divided the spectrum from 320 to 700 nm into
20 nm segments and plotted the coefficients of the
correlations between the average reflectance in each spectral
segment and male mating success. They found a peak in
correlation coefficients near 420 nm in the black grouse
Tetrao tetrix and this was near the wavelengths of peak
plumage reflectance. This approach offered a novel method
to compare the relative strength of the relationship between
plumage reflectance and male mating success for different
spectral regions. We use a modified version of their
approach to visualize the relationship between male mating
success and plumage chroma across the entire avian visible
spectrum in satin bowerbirds.
Previous studies of satin bowerbirds have shown a strong
preference for blue decorations (Morrison-Scott 1937,
Marshall 1954, Borgia 1985b, Borgia et al. 1987, Borgia
and Keagy 2006, Wojcieszek et al. 2006). In a nonexperimental study Wojcieszek et al. (2006) showed that
frequently stolen decorations were darker blue and had
higher UV reflectance than decorations that were not
stolen, but a larger experimental study (Borgia 2008) found
that males do not discriminate between UV blocked and
control blue decorations, suggesting that UV has no role in
decoration preferences. The relevance of UV reflectance in
satin bowerbirds has also been suggested for male plumage
display (Doucet and Montgomerie 2003a, b) and here we
investigate the relationship between plumage color and
male mating success with a particular focus on the UV and
blue regions. In this analysis we address three questions:
1) is there a relationship between UV plumage color and
male mating success, 2) is there a relationship between blue
plumage color and male mating success, and 3) do spectral
regions that show highest reflectance correlate significantly
with male mating success?

Methods

Video monitoring
All courtship and mating behaviors occur at bowers in satin
bowerbirds (Marshall 1954, Borgia 1985b) and this
provides the opportunity to accurately measure male mating
success. We monitored bowers throughout the mating
season (early November until late December) using an
automated video monitoring system that is triggered by an
infrared sensor when birds are present (Borgia 1995).
Cameras at each bower were checked twice daily to ensure
that video tapes were changed before they ran out and that
battery voltages were sufficient to run the monitoring
system, thus ensuring a complete record of courtship and
mating behavior at these bowers. The number of copulations each male achieved during the mating season was
scored from these videos and this provides an accurate
ranking of male mating success (Reynolds et al. 2007).
Color measurements
We measured plumage reflectance using a S2000 spectrometer and PX-2 pulsed xenon light source (Ocean Optics,
Dunedin, Florida, USA). The probe was maintained
perpendicular to the feather surface to replicate the
measurement geometry used in other reflectance studies of
satin bowerbirds (Doucet and Montgomerie 2003a, b,
Doucet et al. 2006). The white-standard used was PTFE
tape (Andersson and Prager 2006, Delhey et al. 2008),
layered to produce a uniform white surface whose spectral
properties did not change when adding an extra layer. We
took 5 spectral measurements from each male: 2 of the
auriculars, 2 of the lesser wing coverts and 1 of the rump.
The measurements for each individual were averaged across
body regions (Doucet and Montgomerie 2003a) and the
resulting spectra were smoothed using a Gaussian kernel
prior to statistical analysis (Fig. 1). This spectral smoothing
is a low-pass filter that removes high frequency noise in the
data. This noise is due in part to the very small distance
between points in the spectral sampling (!1/3 nm between
data points). This smoothing does not change estimates of
spectral saturation (chroma) or total reflectance (brightness)
but does provide a better estimate of the location of the
reflectance peak (hue) than does the raw spectral data
(Montgomerie 2006).
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Study site and general methods
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Reflectance (%)

This study was carried out in 2003 at Tooloom National
Park (288 28?S, 1528 25?E), NSW, Australia (Borgia
1985a). This site is located in a valley formed by Wallaby
Creek and extends 1.5 km into a system of ridges formed by
the creek’s tributaries. All males used in this study were
bower holders in full adult plumage and were previously
banded with unique color band combinations (Borgia
1985a). Males were captured individually using baited traps
at feeding sites prior to the start of the mating season for
plumage reflectance measurement. Daily counts of decorations at the bowers and assessments of bower quality were
averaged over the mating season (November 5th until
December 21st) for each male (Borgia 1985b).
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Figure 1. Mean reflectance spectra showing 95% CL plotted at
50 nm intervals of 13 bower holding adult males.
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Statistical analyses
Since adult male satin bowerbird plumage reflects maximally in the UV portion of the spectrum (Doucet and
Montgomerie 2003a), and because satin bowerbirds prefer
blue decorations independent of UV reflectance (Borgia
2008) we tested for correlations between male mating
success and the calculated chroma indices for both the UV
wavelengths (R320!400nm/R320!700nm) as well as for the blue
wavelengths (R405!480nm/R320!700nm) of male plumage
reflectance (see Siitari et al. 2007).
Furthermore, to test the prediction that there was no
relationship between mating success and plumage color in
other parts of the spectrum outside the blue and UV
spectral ranges we plotted the correlation coefficients of
male mating success at 20 nm intervals across the entire
avian visible spectrum (see Siitari et al. 2007). Since we
wanted to characterize the variation among males in
chroma, we standardized the intensity of each male’s
spectrum by dividing each data point by the total brightness. The resulting correlations are therefore between male
mating success and the spectral saturation of male plumage
at that wavelength interval. This approach is especially
powerful as it allows the visualization of trends in the
relationship between plumage reflectance and male mating
success across the whole avian visible spectrum. A pattern in
the strength of the correlation coefficients of these 20 nm
intervals can indicate which part(s) of the spectrum is (are)
likely to be important in female mate choice. If no
comparisons outside the blue and UV ranges show a strong
correlation to male mating success, then other colors are
likely not important.
Paralleling previous work by Doucet and Montgomerie
(2003a), we calculated the same overall plumage score to
allow for comparison between studies. To do this we
summarized the male reflectance spectra data using their
measures for total brightness (mean R300!700nm), UVV
chroma (R300!420nm/R300!700nm), contrast(lmin "lmax) and
hue (lmax). Here we used 300 rather than 320 nm as the
lower limit for avian UV vision to replicate their analysis.
All results are qualitatively the same using either UV cutoff. The first principal component from these four variables
was used to calculate an overall plumage color score
(Doucet and Montgomerie 2003a).
Nonparametric rank correlation tests were used because
they are less sensitive to the strongly skewed distribution of
matings among males in satin bowerbirds (Borgia 1985b).
All tests of significance are two-tailed.

that UV and reflectance in other parts of the spectrum are
not important in affecting male mating success (Fig. 2).
To compare our data to the previous study of satin
bowerbird plumage (Doucet and Montgomerie 2003a), we
calculated the same overall plumage score. This was the first
principal component (PC1) of an analysis including total
brightness, UVV chroma, contrast and hue (see methods for
description of variables). The loadings of PC1 differed
between the studies (Table 1). We did not find a significant
relationship between this PC1 color score and male mating
success (rs #0.18, p #0.55, n #13), nor did we find a relationship between PC1 and male bower quality (rs #0.07,
p#0.82, n #13). There was, however, a significant
relationship between PC1 and number of bower decorations (rs #0.63, p #0.02, n #13), and between number of
bower decorations and male mating success (rs #0.73, p#
0.003, n #13).

Discussion
We found that the blue rather than the UV plumage
chroma is correlated with male mating success in satin
bowerbirds. Also, the peak in the correlation coefficients
between the 20 nm spectral intervals and male mating
success is confined to the blue wavelengths suggesting that
UV and reflectance of other colors do not affect male
mating success.
Our results show a mismatch between peak plumage
reflectance and the plumage chroma that is associated with
male mating success. The short-wavelength saturated
reflectance of male satin bowerbird plumage appears to
result from a coherent light scattering feather structure that
causes reflectance to be higher at shorter wavelengths
(Doucet et al. 2006). This color producing mechanism
may cause the most attractive colors not to have the highest
reflectance and thereby produce the observed mismatch.
Alternatively, the UV reflectance peak of male plumage may
have other functions not associated with mating such as
reduced detection by predators with UV limited vision
(Andersson 1996, Andersson 1999).

Results
We found a significant positive relationship between male
mating success and the blue chroma of male plumage in the
range between 405 and 480 nm (rs #0.55, p #0.05, n #
13). No relationship was found with UV chroma (rs #0.20,
p#0.52, n #13). Additionally, when we plotted the
correlation coefficients between male mating success and
the 20 nm spectral intervals we found a peak in the blue
wavelengths and much lower correlation coefficients for
wavelength ranges in other parts of the spectrum suggesting
82

Figure 2. Spearman’s rank correlation between male mating
success and brightness standardized plumage reflectance for
20 nm spectral intervals.

Table 1. Comparison of factor loadings of PCs between our study
and the first study of satin bowerbird plumage reflectance.

not safe to infer a role for UV in mate choice simply
because of a relatively high UV reflectance.

PC1 loadings

Total Brightness
UVV Chroma
Contrast
Hue

this study

Doucet and Montgomerie 2003a

0.18
0.97
0.79
"0.84

0.70
0.39
0.59
loading not reported

The greater importance of blue over UV reflectance in
male satin bowerbird plumage coloration is also found in
male satin bowerbird decoration preferences (Borgia 2008).
This is different from food color preferences (Borgia and
Keagy 2006) suggesting that such preferences are not
determined by tuning of the visual system. This is further
supported by the lack of evidence of spectral tuning of the
visual system of different species of bowerbirds that have
very different decoration color preferences (Zwiers 2009,
Coyle, Hart and Borgia unpubl.). The use of blue rather
than UV in satin bowerbird sexual display may result, in
part, from the UV poor light environment on the forest
floor (Endler 1992, Gomez and Théry 2004) where satin
bowerbird displays occur, which can influence the evolution
of color patterns (McNaught and Owens 2002, Heindl and
Winkler 2003).
Our finding of an insignificant role of UV plumage
reflectance in sexual signaling differs from a previous study
of satin bowerbird plumage (Doucet and Montgomerie
2003a). That study did not show an independent relationship between UV and mating success. In their plumage
score (PC1), UVV chroma is the only variable directly
assessing variance in UV reflectance and its low loading
suggests a comparably low contribution to the PC1 score.
Also, they used bower decorations and bower quality as
proxies for male mating success and in satin bowerbirds
these display traits account for less than half of the variation
in male mating success (Borgia 1985b), so it is quite
possible that their proxies for mating success did not
accurately estimate values for this variable. In this study
we found that only one of the two proxy variables they used
showed a significant correlation with mating success. Since
we found a direct relationship between blue, but not UV,
chroma and a direct measure of male mating success, our
results likely provide a more accurate assessment of the
relationship between UV plumage color and male attractiveness in satin bowerbirds.
Our differing conclusions could be due to different
reflectance patterns in the two satin bowerbird subspecies
used in these studies. However, we found that the plumage
reflectance spectra are qualitatively the same when museum
specimens of these subspecies are compared (J-F Savard
unpubl.).
In satin bowerbirds, blue is more important than UV
plumage coloration in mate choice even though UV has
higher reflectance. The observed mismatch between the
peak reflectance of male plumage and the chroma that is
correlated with mating success shows that a peak in
plumage reflectance does not necessarily indicate the
importance of that color in sexual signalling and that it is
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