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Male satin bowerbirdg:tilonorhynchus violaceus, have complex displays
involving multiple display elements that show age-related change over rinstes’
years. Sexual display of sub-adult plumaged (SAP) males with other SAPappézs's
to allow these males to practice and is of lower quality than that of adels.mial this
study we initially attempted to assess age-related changes in SABispdde quality
using a female dressed robot. We found that SAP male courtship with female and SAP
male dressed robotic birds did not allow us to assess age-related change bieese
courtships were all of very short duration, much shorter than with live SAP males or
courtships by adult males with live or robot receivers. We suggest that becd&ise SA
males have low quality displays they are unlikely to attract willing copuakafrom
females who visit their bowers and may thus benefit more from rapidifooplation
than from practicing display with these visitors. Short courtships and copulatibns wi
male dressed robots which are rare in natural courtships may resuth&dailure of our
robot to show behaviors that might typically indicate that they are malese Témults

suggest that SAP males use the behavior of courtship receivers to make dabigudns

how to respond to birds they court at their bowers.
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INTRODUCTION

In many species with non-resource-based (NRB) mating systenes haale
complex sexual displays involving multiple traits (Moller and Pomiankowski 1993,
Borgia 1995, Hoglund and Alatalo 1995). While these traits have been shown to be
important in determining adult male mating success (Borgia 1985a,b, McDonald 1989,
Zuk et al. 1990 and 1992, Andersson 1994, Gibson 1996, Omland 1996a,b, Andersson et
al. 2002, Loyau et al. 2005), we know relatively little about the development of these
complex displays. Many studies of display trait development in species with NRB
mating systems focus on delayed plumage maturation (Foster 1987, DuVal 2005, Doucet
et al. 2007) with less emphasis on the significance of delayed behavioral display
acquisition (but see Collis and Borgia 1992 and 1993, Trainer et al. 28QR)ying the
development of display can contribute to our understanding of the function of traits in
mate choice and thus to our knowledge of the evolution of multiple display(sedts
West et al. 2003)In NRB species that demonstrate pronounced delays in male plumage
maturation there is evidence that experience plays a major role in the development
effective behavioral display (Collis and Borgia 1992 and 1993, Trainer et al. 2002,
Coleman and Borgia MS).

Adult male satin bowerbirdP{ilonorhynchus violaceus) displays involve multiple
traits that influence mating success including bower quality (Borgia 1985arbper
and color of decorations (Borgia 1985b, Borgia et al. 1987), display intensity (Hadtice
al. 2002), responsiveness to female signals (Patricelli et al. 2002, 2004, and 2006), and
vocal mimicry (Loffredo and Borgia 1986, Coleman et al. 2007). Male behavioral

display is similar to male-male aggression display (Borgia and Colent&) aod



includes highly synchronized dancing, vocalizations, and vocal mimicry (Loffredo and
Borgia 1986). Females prefer intense displays (Patricelli et al. 2002) last miast be
responsive to female signals of comfort and adjust their display accortbngty
successful (Patricelli et al. 2006). Studies of display trait development caapteant
in understanding how males gain skills to develop these complex displays.

Satin bowerbird males go through several age-specific plumage changéisatuc
plumage of 1 to 4 year old males is indistinguishable from that of femalés5 1at6
year old males showing a transitional dark green neck and ear plumage ancdkeir bl
dark beak changing to yellofvellenga 1980, Collis and Borgia 1992 and 1998
refer to these as sub-adult plumaged (SAP) males because neither grdwgoduasdtt
blue-black plumage of 7+ year old adult males but they are all not cjeeelyile
because from age 5 males are able to produce motile sperm (Marshall 1954). ISP ma
construct temporary bowers (SAP bowers) that are maintained and sometiradsghar
one or more males who engage in prolonged same-sex displays (Vellenga 1930, Colli
and Borgia 1993, Coleman and Borgia MS). SAP males make uncoordinated
movements, change their display intensity suddenly and drastically, do ndahkimit
behavioral display to the bower platform, and mimic poorly (Loffredo and Borgia 1986,
Collis and Borgia 1993). Thus, the display of SAP males appears to be of significantl
lower quality than that of adult males. The courtship of SAP males by other 388 ma
appears to provide an opportunity to refine display behaviors important for futtingg ma
success (Collis and Borgia 1993, Coleman and Borgia MS). SAP males faihtb att
females to their bowers and may attempt to force copulate females cduhedawers

of adult males (Borgia 1986).



The prolonged satin bowerbird maturation period (Vellenga 1980, Collis and
Borgia 1992 and 1993) may allow males to practice display behaviors important for
future mating success (Collis and Borgia 1993). The initial goal of this stugltowa
investigate in detail how SAP male satin bowerbird display improves withnalge a
compares to the courtship of females by adult males. We could not effectughae
SAP male courtships to adult male courtships directed at females becauss thonzot
attend SAP male bowers and because the erratic behavior by the reSéiAimgale at
SAP male bowers appears to disrupt the courting SAP male’s display. Feessleddr
satin bowerbird robots were courted by adult male satin bowerbirds in successful pas
experiments (Patricelli et al. 2002, 2006, Savard et al MS). Our plan was to control for
these differences by comparing adult male courtships to those directedchk feessed
and behaving robotic receivers at SAP male bowers.

Here we report on differences in courtship patterns of SAP and adult males with
different kinds of courtship partners including SAP males, female dressed, ianimbts
male dressed robots. Unexpectedly, we found that the SAP male courtships of both
female and male robots were extremely short and followed by a copulagompat We
consider why these different forms of courtship occurred.

METHODS

Observation of courtships

This study was conducted in 2004 at Wallaby Creek, NSW, Australia (Tooloom National
Park, see Borgia 1985a). From 31 August through 30 October, individuals weredaptur
using baited traps and fitted with three plastic leg bands arranged in unique color

combinations. Hi-8 video cameras that record time and date allowed us to identify leg



band combinations and continuously monitor bird behaviors (Borgia 1995) at 33
contiguous adult bowers and 4 SAP bowers. In addition to SAP males exhibiting
courting behavior at some adult bowers, multiple SAP males courted at SAP.bowers
Male vocalizations were recorded on camera with an omnidirectionalphmne placed
1 meter above the bower platform. Courtships with the female robot were alstececor
to verify the identity of the courting male, the display elements perfooypedch male,
and the start and end times of courtship (see below). The following disptagné¢ethat
are common to satin bowerbird courtship were recorded as performed or not performed:
short buzzes, ptiloerection, buzz/wing-flips, mimicry of local bird specresdacoration
held in beak (Loffredo and Borgia 1986, Patricelli et al. 2002, Coleman et al. 2007).
Short buzzes are brief (< 0.20 s) vocalizations performed by males at the bggirthie
courtship sequence that encompass a short frequency range (Loffredo and Bdigia 198
Following short buzzes are a series of long buzzes (0.35-1.50 s) coordinated with wing-
extensions and running termed buzz/wing-flips (Loffredo and Borgia 1986, Pagicell
al. 2002). Finally, mimicry is performed in which males mimic up to five sympaitdic
species: laughing kookaburfadcel o novaguineae), Lewin’s honeyeatem\eliphaga
lewinii), Australian ravenorvus coronoides), sulphur-crested cockatoGdcatua
galerita), and the yellow-tailed black cockataBa]yptorhynchus funereus) (Loffredo and
Borgia 1986, Coleman et al. 2007).
Femalerobot experiment

A robotic female satin bowerbird (Patricelli et al. 2002 and 2006) was used at
SAP and adult male bowers to experimentally test whether SAP and adultiffates

their courtship of a female. The robot was placed in the bower avenue (sedlRattric



al. 2002 and 2006). SAP males sometimes court when there is no fully-constructed
bower present but a bower platform, a cleared area consisting of layeredhsticgks t
built before the bower walls are constructed. In this case, the robot was placed in the
center of the platform. Robot movements were remotely controlled from a blinedoca
at least 6 m from the bower or platform. Control and power wires running from the back
of the robot to the blind were buried under leaf litter (see Patricelli et al. 2002 and 2006)
Courtship began when the male arrived on the bower platform and ended when
the male attempted copulation with the robot (see Patricelli et al. 2002 and 2006). We
calculated the time each male waited before attempting copulation antbréfis as
time until copulation (Table 1). When the male arrived on the platform, we lowered the
robot to the fully-crouched position where it remained for the entire courtship.
Crouching is a movement from an upright body position to a low body position where the
rump is high and the chest is close to the ground (Patricelli et al. 2002). A low crouch
position signifies a female’s comfort with the male’s display, whereaghachouch
position or a startle (a rapid rise out of a low crouch position) indicates wariness
(Patricelli et al. 2002 and 2004). We chose to simulate a fully-crouched feortakg s
males would receive the signal that their display was attractive. Vdigdsahe situation
where males may see it necessary to adjust their courtship becausegaomadirtunity
is at risk (Patricelli et al. 2006). Also, the robot’'s head was moved back andtfarth a
moderate pace to simulate natural female behaviors (Patricelli et al. r2)@D@6).
Of the 7 adult males and 10 SAP males tested with the female robot, 5 adult male
and 8 SAP male courtships were used in the analysis. Two adult males were excluded,

one male courted the robot but did not copulate and the other male did not approach the



robot. Two SAP males were excluded because they approached the robot but did not
copulate. Two of the 8 SAP males included in the analysis flew directly ontataéefe
robot for an immediate copulation (recorded as O s time until copulation). Wenpexifor
the analysis including and excluding these “fly in” males.
Natural SAP male-male courtship

To examine how SAP male courtship of the female robot compares to natural
SAP male-male courtship, we scored video tapes of natural male-male g@auvikkre
SAP males from our female robot experiment were the courters. SAP mnale-ma
courtship was scored at SAP bowers and at adult bowers that are sometimes #ded by S
males when the bower owner is not present. SAP males court other SAP midelysi
at SAP and adult male bowers so we combined these data when comparing SAP male-
male courtships to SAP male courtships with the female robot. Courtship duration and
display elements performed were recorded for each SAP male. If then&l&Rourted
more than one SAP male receiver (see Table 1), then we calculated the mean dirat
his courtships and the mean proportion of courtships in which he performed each display
element. Unbanded males were not included in this analysis because they could not be
uniquely identified during SAP male-male courtship (see Tabld i analysis was
performed with and without the SAP male who flew directly to the female robot for
copulation.
Malerobot experiment

We compare SAP male courtship of the female robot to SAP male courtship of a
dark-beaked (< 5 years old) SAP male robot. The procedure was the same afi¢hat of t

female robot experiment, but because this was a preliminary trial t&d tegs robot in



different crouch positions. In two trials, we positioned the robot upright throughout the
courtship. In another trial, the robot was crouched half-way when the SAP madéd ar
on the platform and remained that way for the entire courtship. Time until copulation and
display elements were scored as described above. One SAP male flew thre
male robot and attempted copulation.
SAP malereceiver behavior in natural courtships

To assess whether the male robot is a good representation of receiving SAP male
behavior, we quantified SAP male receiver movement in natural courtshipshby SA
males from our female robot experiment. Since SAP male courtship of the male robot
was brief (< 1 minute), each body position change (forward, backward, sidewals) by t
receiving male was recorded for the first minute of courtship. For SAP rhates t
courted multiple males, the mean number of receiver body position changes was
calculated for the first minute of courtship.
Statistical analyses

Non-parametric tests were used due to small sample sizes. The MannyWhitne
test was used to evaluate the difference between SAP and adult male time until
copulation with the female robot. Differences in the proportions of display elements
performed were evaluated using Fisher’s exact probability test. Thexdiienatched-
pair test was used for paired comparisons of time until copulation and proportions of
courtship elements performed by SAP males from the female robot expemvand t

SAP male receivers and the female robot. All tests are two-taileslltReere

considered significant at= .05 and means are preserXet SD.



RESULTS
SAP male versus adult male courtship of the female robot

A robotic female satin bowerbird was used at SAP and adult male bowers to test
for differences in SAP and adult male courtship. The proportion of SAP males that
performed any display elements during courtship of the female robot wascsigihyf
less than that of adult males when fly-in attempts at copulation were incilalaé @).
This same pattern was apparent for most display elements when fly-iptstim

copulation were excluded, with the exception of mimicry and decoration in beak. Adult
males had much longer courtshis<320 + 203 s, n = 5) than SAP males with the
female robot (including fly-in attempts at copulation (Figurex1¥.27.9 +38.5s, U =
40, z =-2.93, n = 8, p =.003; excluding fly-in attempts at copulaXien37.2 + 40.8 s,
U=30,z=-2.74,n=6, p=.004). Both categories of SAP males attempted copulation
more quickly than adult males when the fly-in attempts at copulation were idclude
(dark-beakedX = 48.0 +46.7 s, U = 20, z = -2.45, n = 4, p = .016; yellow-bedked:
7.75+14.2s,U=20,z=-2.46,n =4, p=.014), but their mean time until copulation did
not differ from each other (U = 3, z =-1.45, p =.15).
SAP male courtship of natural SAP malereceiversversusthe femalerobot

We assessed the ability of SAP males from our female robot experiment to
perform display in natural SAP male-male courtships by scoring the proportitispédy
elements performed and courtship duration. The proportion of SAP males performing
each display element during natural courtship with other SAP males wascsigthyfi
higher than that with the female robot when the fly-in attempt at copulatiomeaded

(Table 3). When excluding the fly-in attempt at copulation, most display element
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remained significant; however, short buzzes and decoration in beak became oasignifi

SAP males from the female robot experiment courted other SAP males in natural

courtship longer (including the fly-in attempt at copulation (Figur&X2):328 + 225 s, t
=0, z=2.20, n = 6 pairs, p =.028; excluding the fly-in attempt at copul&t332 +
251s,t=0,z=2.02, n =5 pairs, p =.04) than they courted the female robot (including

the fly-in attempt at copulatioix = 25.3 + 39.3 s; excluding the fly-in attempt at
copulation:X = 30.4 £ 41.7 s).

SAP male courtship of the malerobot versusthe female robot
SAP males performed very few display elements to both the male and female

robot (Table 4). Also, the SAP male time until copulation with both the male (ingludin

the fly-in attempt at copulation (Figure = 37.7 + 53.6 s; excluding the fly-in attempt
at copulationX = 56.5 + 60.1) and female robot (including the fly-in attempts at

copulation:X = 27.9 + 38.5 s; excluding the fly-in attempts at copulation:37.2 + 40.8

s) was brief. SAP male courtship of the male and female robot appears andilauch
less than that of adult males with the female robot but because of theamak size
and variable crouch levels of the robots these data are only suggestive.

Doesthe SAP male robot provide a good representation of natural SAP male
receiver behavior?

We quantified SAP male receiver movement in natural courtships by SAP males
from our female robot experiment and compared that to the movement of the male robot
to evaluate whether the male robot is a good model of SAP male receivers @h natur
courtship. We found that receivers in natural SAP male-male courtship made ageaver

7.7 £ 2.5 body position changes within the first minute of courtship. The male robot was
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placed upright (no body position change) in two trials and half-crouched (one body
position change) in the other. Therefore, on average we moved the male robot only a
third of a body position change when SAP males were courting.
DISCUSSION

SAP males’ limited courtship and rapid attempt at copulation with robotic éemal
differed from the adult males who had prolonged courtship before attempting copulation
with identical female robots (see also Patricelli et al. 2002 and 2006). The o@drti
SAP males presenting display elements in courtships with the female robot was
significantly lower than that found by adult males in courtships with the femiade. r
Most SAP males in these courtships did not include any display elements common to
adult satin bowerbird courtship of the female robot. This result is not surprisieg sinc
SAP courtships were 1/T@s long as the adult courtships. In contrast, we found that
SAP males involved in courting the female robot showed very different behavior in
natural courtships with other SAP males. Similar to the adult courtship of theefemal
robot, they had long courtships with other SAP males and included display elereents se
in adult displays in almost all of their courtships.

One interpretation of these results is that SAP males performed onhydlimite
courtship with the robot because they failed to recognize it as a female. pbikdss
is not supported because: First, adult males who are more experienced withgourtshi
and are thus expected to be more able to identify an artificial courtshipdaugethe
female robot using longer and more complete displays that do not differ in length from
courtships with live females (Patricelli et al 2002). This suggests thatraalgls treat

the female robots as if they are real females. Second, if malesowem®gnize the
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robot as an inappropriate target they should abandon courtship and not pursue copulation.
However, we found that SAP males attempt copulation with the female robot quickly

often with little or no hesitation. These results suggest that SAP maledmdiffeadult

males in their courtship strategy with robotic females and this maytrditeszences in

how they would react to true females.

The occurrence of limited courtship and rapid copulation in conjunction with the
low quality display supports the hypothesis that SAP males attempt rapid anehdigpar
forced copulation because their low quality courtships are unlikely to cause$eimal
remain at the bower long enough to observe courtship and then willingly mate. Adult
males are expected to benefit more from presenting prolonged courtship disptaysebe
their high quality displays can hold female attention and lead to willing copuldseas
Uy et al. 2001). When male satin bowerbirds have a reasonable possibility thailithey
gain a willing copulation from a female, forced copulation should not be attempted for
two reasons. First, there may be little sperm transferred to a fessatng forced
copulation. Second, forced copulation limits the male’s ability to display his gtaality
the female and this may cause her to seek copulations with other males thatrstwow he
attractive display, possibly resulting in displacement of the first mgefam that is
transferred. Poor quality SAP male displays appear not to be attractive tedemal
making it unlikely that females would choose to observe prolonged display by SA® male
and then copulate with them. Thus, rapid forced copulation may be the most effective
reproductive tactic for a SAP male with a female attending his bower, fevien i
opportunity for reproductive gain is limited because of later copulations by tladefem

with other males.
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SAP male courtship of both male and female robots also differs from theirlnatura
courtship with other SAP males. The same SAP males who attempted copulatiopn quickl
with the female robot engaged in prolonged courtships and included most of the display
elements common to adult courtship when they courted live SAP males. The long natural
SAP male courtships are consistent with the hypothesis that SAP malesAi®umiag:
receivers because they appear to gain from practice with the male whemstho
mating opportunity (Collis and Borgia 1993). However, courtships of SAP males wit
SAP male dressed robots appear more similar to SAP male courtships vétla fem
dressed robots than to SAP males in natural courtships. We may have obtained this result
because of the design of the robot experiment. First, robots dressed as SAP males had
plumage of a young male similar to our robots dressed as females. SeconélPlive S
male receiver behavior involves a great deal of movement and it seemshately
courting males use the behavior of receivers to determine how they should react to the
bird they are courting. If the courted bird shows a great deal of movemeshithdy
treat it like the SAP males that commonly attend their bowers and engage in plolonge
practice display, but if the receiver remains relatively still, titez a female and engage
in rapid forced copulation. When we designed the experiments reported here, our goal
was to reduce the movement of robots in SAP male bowers in order to measure age-
related changes in the quality of SAP male courtships in a way that mcaiote to the
courtships of adult males. So, rather than mimicking actual SAP male behavior in the
bower, we had both sexes of robots perform behaviors more typical of females in adult
male bowers. A benefit of this design was our finding, based on the similanereaif

male and female robots, that receiver behavior may be more critinghltihaage in
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affecting how courting males react to receivers. Erratic SAP reeéver behavior may
have originated as a consequence of being frequently startled by the poor gsjaléty di

of SAP male courters. SAP male receivers often return quickly to the bower teeobser
more courtship and seem less threatened than startled females at adbtweatewho

often leave after startles. It is possible that SAP male receisriave evolved to
enhance erratic behavior as a sex specific signal, causing the courtengomt@ attempt
forced copulation and to allow more prolonged courtship from which they both can learn
more about how to display.

A remaining question is why, if females do not attend SAP male bowers, males
show the seemingly adaptive behavior of attempting forced copulation with our
experimental female robots. As we have noted, the female robots in this experime
moved very little as is true of females in adult male bowers which SAP majesfta
forced copulations. We suspect that SAP males react to motionless reiceb@sers
as females whether they are in adult or SAP male bowers. SAP nialesng at adult
male bowers often attempt to copulate with females being courted by the acdleits @i
those bowers. We have no records of females at SAP male bowers so the ofact
these males to the robot may be an artefact of their reaction to motiontedssfat adult
bowers. In fact, if females were to receive courtship at SAP male bohetewt quality
of SAP male courtship may induce females to also have erratic behavi@ sunchahey
might not be an immediate target for copulatidimis does not occur because unlike SAP
males, females have little to gain in the form of learning courtship, and slmsetfrom

possible forced copulations at SAP male bowers.
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Several of these comparisons involve relatively few observations because in the
year this work was carried out SAP male bowers were rare and relativeiyephe
Even so, because the behavioral results were dramatically different betypeszimental
tests we were able to obtain significant results from these comparisons. iHvérege
limitations, our results suggest that SAP males receiving courtshipmhapee erratic
behavior in the bower to signal their unsuitability as a copulation partner. SABrsourt
appear to use motionlessness as a signal of an appropriate copulation partnare In fut
work it would be interesting to include comparisons of male and female dressed sobots a
courtship receivers to better test the hypothesis that erratic movearenitsed as a

signal of the courtship partner’s sex.
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Tablel

ID of Male | TimeUntil | Number of
Courting | Plumage | Copulation | SAP male
Male with receivers
Female courted
Robot
(s)

CHP Dark 18 1
Beak

POK Dark 1 1
Beak

SPE Dark 102 2
Beak

XXX Dark 71 Unbanded
Beak

EGL Yellow 0 7
Beak

HLG Yellow 29 7
Beak

LKS Yellow 2 4
Beak

XXX Yellow 0 Unbanded
Beak

EWL Adult 601 --

KDP Adult 193 -

KRD Adult 238 --

LWR Adult 111 --

MYO Adult 457 --

Tablel

Identity (ID), plumage, and time until copulation (in seconds) are given for SAP and
adult males who courted the female robot. Dark-beaked males are betwegestbé
and 4 while yellow-beaked males are between the ages of 5 and 7. Additionally, the
number of SAP male receivers during natural SAP male-male courtshipmsfgneach
SAP male that could be uniquely identified from the female robot experiment.
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Table?2

Courtship Proportion of Proportion of
Element SAP Males Adult Males P-value
(N=8) (N=5)
Short Buzzeg 13 1 .005
Ptiloerection 0 .8 .007
Buzz/wing- 0 .8 .007
flips
Mimicry 0 .6 .03
Decoration in A3 .8 .03
beak
Table?2

Fisher's exact probability results for the proportion of courtships where esuihydi
element was performed by SAP versus adult males.

Table3
Courtship Natural Robot
Element Mean Proportion | T-value | Z-value P-value
Proportion
(N=6 pairs)
Short 1 A7 0 2.02 .04
Buzzes
Ptiloerection .9 (.20) 0 0 2.20 .02
Buzz/wing- .99 (.03) 0 0 2.20 .02
flips
Mimicry 75 (.27) 0 0 2.20 .02
Decoration .94 (.074) A7 .16 1.99 .04
in beak
Table3

Wilcoxon matched-pair results for the proportion of courtships where each display
element was performed by SAP males in natural courtship versus court$hthevit
female robot. Standard deviations are given in parentheses for the mean proportions.
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Table4

Courtship Male Robot Female Robot
Element (N=3) (N=8)
Short Buzzes .33 13
Ptiloerection .33 0
Buzz/wing- 0 0
flips
Mimicry 0 0
Decoration in 0 13
beak
Table4

The proportion of courtships where each display element was performed by S& mal

toward the male and female robot.
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Figurel
SAP males attempted copulation with the female robot more quickly than adedt mal
Means + SD.
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Figure2
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Figure2

SAP males from our experiment with the female robot courted other SAP males i
natural courtship (first bar for each male) longer than they courted thesfesbak
(second bar for each male). EGL flew in for an immediate copulation with théefema
robot. Means = SD for SAP males that courted more than one SAP male receiver.
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Figure3
The mean time until copulation in SAP male courtships of the male versus the femal
robot. Means * SD.
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