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ABSTRACT

Elaborated male sexual displays commonly involve multiple elements that may differ greatly among
closely related species, but there have been few studies of the causes of this divergence. Male spotted
bowerbirds, Chlamydera maculata, have unusually intense, aggressive courtship displays and highly
divergent bowers. Male and female courtship positions differ from related species in that males court
females separated by a modified see-through bower wall. Here we experimentally tested hypotheses that
could explain the unique features of spotted bowerbird display relative to other Chlamydera species. Qur
results support the threat reduction hypothesis, which suggests that accessory traits evolve because they
mitigate the threat associated with intense, aggressive male displays that are most effective in causing
females to become sexually receptive. In spotted bowerbird males, the highly modified and unique
see-through bower walls allow females to view intense displays while reducing threat that would
otherwise be associated with these same displays. We found that (1) females preferred males with the
most intense displays, (2) males and females at experimentally manipulated bowers consistently moved
to courtship positions so that the standing bower wall separated them and (3) males reduced display
intensity when not separated from the female by an intact bower wall. Comparisons with other
Chlamydera species suggest that bower architecture coevolves with other display elements to allow
maximally effective male displays. Such coordinated adaptive changes of display elements suggest an
alternative to the runaway divergence of arbitrary traits as the cause of rapid divergence in multifaceted
male display traits among closely related species.
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Recent empirical studies have shown that elaborated
displays in polygynous species are commonly a complex
sets of traits (Borgia 1985; McDonald 1989; Zuk et al.
1990, 1992; Gibson et al. 1991; Hasson 1991; Mgller
& Pomiankowski 1993; Omland 1996a, b; Brooks &
Caithness 1995) that are often highly divergent be-
tween closely related species (Basolo 1990; Prum 1990;
Kusmierski et al. 1997). There are several hypotheses that
attempt to explain how elaborate, multifaceted male
display traits evolve (see Andersson 1994), and among
these, only the runaway model (Fisher 1930; see also
Lande 1981; Iwasa & Pomiankowski 1995) is commonly
used for describing rapid, large-scale divergences in sexu-
ally selected traits (Lande 1981; West-Eberhard 1983;
Prum 1990; Andersson 1994). The lack of evidence
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supporting runaway (Borgia 1987, 1993; Kirkpatrick &
Ryan 1991), restrictive assumptions about levels of gen-
etic variation and genetic correlations (Turelli 1984;
Borgia 1987; Nichols & Butlin 1989, 1992; Breden et al.
1994; but see Bakker & Pomiankowski 1995), and the
support for alternative hypotheses (Loffredo & Borgia
1986; Basolo 1990; Zuk et al. 1990, 1992, Ryan et al. 1991;
Petrie 1994) have led some to view runaway as unimpor-
tant in the evolution of extreme traits (e.g. Kirkpatrick
& Ryan 1991; Kirkpatrick 1996). However, there are no
alternative models to explain how multiple elements
of complex traits might rapidly diverge. Moller &
Pomiankowski (1993) argue that elaborated display traits
in polygynous species are commonly made up of multiple
elements. Here we propose that these multiple elements
are often coevolved and functionally dependent.
Changes in one or more elements drives compensatory
adjustments in an entire suite of display traits creating
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the rapid large-scale shifts in elaborated displays that
seem to characterize many polygynous taxa (e.g. Prum
1990).

Phylogenetic relationships among bowerbirds are now
well established (Kusmierski et al. 1993, 1997) and these
show extreme lability in display traits between sister
species (Borgia 1995c; Kusmierski et al. 1997). In the
genus Chlamydera there is a high level of divergence of
bower and courtship behaviours with the most extreme
differences occurring between the spotted bowerbird
(C. maculata) and its close relatives (Borgia 1995a). Here,
we experimentally test hypotheses that may explain
the dramatic divergence of multifaceted, male display
characters in spotted bowerbirds.

Bowerbird bowers are stick structures built by males
adjacent to display courts which they clear on the ground
(Marshall 1954; Gilliard 1969). In avenue-building
species like the spotted bowerbird, the bower is made up
of two walls creating a central avenue, which the female
enters for courtship. Bowers are attractive to females, and
males with well-built bowers mate proportionately more
often than males with bowers of lower quality (Borgia
1985, 1995b; Borgia & Mueller 1992). Like all other
court-clearing bowerbirds, neither female spotted bower-
birds nor their offspring receive direct material contri-
butions or parental assistance from males apart from
sperm.

Courtship by male spotted bowerbirds is conspicuously
more energetic and aggressive than in closely related
species (Borgia & Mueller 1992; Borgia 1995a). Male
spotted bowerbirds are unique because they charge
towards the bower wall from several metres away with
extremely rapid hops and exaggerated undulating move-
ments, sometimes crashing into the wall. They also pick
up decorations in their beaks and toss them, up to a metre
away, in contrast to tosses of less than 10 cm typical in
their close relatives. Courtship calls are loud and more
similar to threat calls than are those of other species
(Borgia 1995a). Spotted bowerbirds are also unique
among avenue-building bowerbirds in that males some-
times aggressively attack females (Borgia & Mueller 1992).
Although the causes for these attacks are unknown, they
may be by-products of mechanisms needed to produce
high-intensity displays.

Spotted bowerbird bowers differ from all other avenue-
building species because of their disproportionately wide
(relative to the size of the bird) avenue, see-through walls
of fine straw instead of dense sticks, the concentration of
bright decorations in the bower avenue, and an east-west
rather than north-south orientation (Borgia & Mueller
1992; Borgia 1995a). Courted females commonly stand in
the bower avenue perpendicular rather than parallel to
the bower walls and look through the north wall at the
courting male. The uniqueness of these characters relative
to closely related species indicates that this suite of
characters has evolved recently in the lineage leading to
spotted bowerbirds.

The association between the development of intense
male display and the modified bower with the wall
separating the male and female during courtship suggests
the possibility of conflicting effects of high-intensity

Unmodified bower

NI
MR

;

Modified bower \1 \ | V

-

IR

Threat to female (T)

Iu Im
Intensity of aggressive male display (I)

Figure 1. The threat reduction hypothesis suggests that intense male
displays that are useful to females in assessing males may also be
threatening to females. Threat to females increases as a function of
the intensity of male display. At unmodified bowers, the rate of
increase is greater than at modified bowers, like those of spotted
bowerbirds that protect females with the bower wall. Al is the
difference in intensity of male display at a fixed level of threat at
modified and unmodified bowers. The threat reduction model
predicts that when females are protected from threatening display
elements males will produce more intense displays.

male display. The threat reduction hypothesis (Borgia
1995a) proposes that males develop specialized display
elements, in this case the modified bower wall, to
allow them to more effectively court females with
high-intensity displays. Under this hypothesis, intense,
aggressive male display is attractive to females because it
provides information about overall male vigour and,
ultimately, genetic quality of males. However, intense
displays may also be threatening, causing females to
leave before courtship is complete because of the risk
of attack. An ideal display would be one in which
females are stimulated by high-intensity aggressive dis-
plays, but the negative consequences of these behav-
iours perceived as threatening by females are filtered
out. The modified bower of spotted bowerbirds, with
the wall positioned between the male and the female,
may function as such a filter, allowing the female to
view aggressive, high-energy male displays from a pro-
tected position (Fig. 1).

Several other hypotheses could also explain the unique
male and female orientation in spotted bowerbirds.
Recently, pre-existing preference models of display trait
evolution (Burley 1985; Ryan et al. 1991) have received
much attention, in part because of their relative sim-
plicity of evolution in not requiring the coevolution of
female preferences and male traits (Kirkpatrick & Ryan
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1991). In spotted bowerbirds, for example, there could be
an arbitrary novel female preference for facing into the
bower wall. It is also possible that females may retain the
ancestral preference for males that court from the north,
which is present in other species that build avenue
bowers (Vellenga 1980; Borgia 1986).

Here we report the results of an experiment designed to
evaluate predictions from the threat reduction hypothesis
as part of an analysis of large-scale changes in bower
design. In this experiment, we destroyed one of two
bower walls and observed the effect of this destruction on
male and female display behaviour. If threat reduction is
the cause of unique attributes of spotted bowerbird bower
structure, then we would expect compensating behav-
iours by males and females during courtship that adjust
for changes brought about by the removal of the bower
wall. Three testable predictions from this hypothesis are:
(1) males should display from behind the standing wall;
(2) females should move to face the standing wall; and (3)
males should reduce the intensity of their displays when
the bower wall is not present to screen the female during
courtship. Alternative hypotheses, however, may involve
different predictions. For example, a female preference for
facing north would predict no effect of wall destruction
on male orientation during display or on intensity of
display.

METHODS

This experiment was conducted in Queensland, Australia,
3 km north of the town of Thallon (28°30°S, 148°52°E)
beginning 4 September 1990. Most of the bower sites
were found in 1987 (see Borgia & Mueller 1992 a detailed
description of the study area) and remained occupied in
1989 and 1990. Of the 12 bowers used in this experiment,
half had the north wall destroyed, and half had the south
wall destroyed. We removed sticks from the destroyed
wall every 2 days as bower owners attempted to rebuild
that wall. To control for the effects of destroying the
north and south wall, midway through the experiment (4
days after the initial destruction), we slid a piece of flat
iron under the bower and rotated it 180° so that the
positions of the walls of each bower were reversed. We
continued to destroy the same wall that had initially been
destroyed, the only difference being that the positions of
all walls were now reversed. Each bower was monitored
throughout the experiment using a camcorder (model
RCA CC320) controlled by an infra-red detector that
projected an invisible beam through the bower (see
Borgia 1995b for a description of the apparatus and
methods). Video and sound recording were initiated
automatically when a bird in the bower interrupted this
beam.

We scored the videotapes to determine male and
female position in and around the bower during court-
ship relative to standing and destroyed walls. We used
variables showing significant correlations from the 1989
comparisons (see below) in our 1990 analysis of male
aggressive behaviour at experimentally manipulated
bowers. We compared levels of activity and intensity of
aggression on the standing and destroyed wall side of
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each bower. Methods for monitoring bowers generally
paralleled those of a previous study (Borgia 1995b),
except that in the earlier study, bowers were monitored
with no experimental manipulation. We captured indi-
vidual males at bowers and marked them with unique
colour leg-band combinations beginning in 1987; by
1990 all male bower owners were marked. Typically
mature males prevent other males from using their
bowers for courtship, and colour bands allowed us to
confirm that the displaying male was the bower owner.
We captured a few females away from bowers and
banded only a small proportion (<10% receiving
courtships).

We conducted a prospective analysis so that we could
identify intense elements of male display that were attrac-
tive to females at intact bowers. In 1989, we continuously
monitored the behaviour of 13 males with camcorders
through the mating season (Borgia 1995b). We used
courtships recorded on videotape during that season to
determine whether there was a general female preference
for aggressive male traits, and to identify which of the
display traits that appeared aggressive were attractive to
females. We measured attractiveness using Spearman cor-
relations between intensity (e.g. the rate with which these
elements were used in displays) and that year’s mating
success (number of copulations) of individual displaying
males. For each male display variable, we calculated
intensity from the mean value of three unsuccessful and
three successful courtships. Not all males copulated so the
number of successful courtships scored ranged between 0
and 3.

We selected seven variables as possible indicators of
intensity of male display.

(1) -Long calls. Male courtship vocalizations are pre-
dominantly raspy, broad-banded calls given repetitively
and lasting no more that a few seconds. These calls vary
in length, and the longer form is identical to a threat call.
We classified calls as long (>1.0's) or short (<1.0 s), and
measured the proportion of long calls (long calls/(long
calls+short calls)) uttered by each male.

(2) Body shudder. Often as the male approaches the
female in the bower, he leans forward with head down,
and rapidly jerks his wings back against his body while
undulating rapidly from head to tail. We calculated the
rate of body shuddering.

(3-4) Wing flip. A rapid mechanical extension and
retraction of the wings and a common element of court-
ship display in several bowerbird species. We calculated
the rate and duration of wing flipping.

(3-7) Decorations. During courtship, males often pick
up bower decorations in their beaks and either drop them
or toss them. We measured the rate at which decorations
were picked up, the rate at which decorations were tossed,
and the proportion of decorations tossed (i.e. not merely
dropped).

We also examined four variables of courtships recorded
in 1990 that were shown to correlate significantly with
male mating success in 1989. We measured the rate at
which males displayed each of these four selected ele-
ments on the side of the bower that was destroyed and
left standing.
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Table 1. Number of courtships at each bower classed as to the predominant orientation of the courting male and the courted female relative

to the standing wall

Female facing standing wall, Female facing standing wall, Female facing destroyed wall, Female facing destroyed wall,
Bower  male facing standing wall male facing destroyed wall male facing standing wall male facing destroyed wall
1 2 1 0 0
2 1 0 0 0
3 2 0 1 0
5 1 0 0 0
7 3 1 0 0
8 5 0 0 0
9 3 0 0 0
n 2 1 0 0
14 2 0 0 0
16 1 0 0 0
17 0 0 0 0
18 1 0 0 0
Totals 23 3 1 0

We used Spearman correlations (rg) for bivariate com-
parisons to identify variables showing positive relation-
ships with male mating success. This test is robust
under conditions associated with small sample size; its
use does not suggest an inability to identify indepen-
dent and dependent variables. Because we were selecting
only for variables that showed positive associations, we
used one-tailed tests in these comparisons. We used a
chi-square (37) test to determine female direction prefer-
ences. The Statistica program (Statsoft 1995) we used to
evaluate male and female positioning relative to stand-
ing walls reports Z scores for both the Wilcoxon signed-
ranks (Z,) test and the sign test (Z). For tests of
preference for the standing versus the destroyed wall,
male position, and the intensity of display, none of the
hypotheses predicted a preference for facing or display-
ing on the side of the destroyed wall. Thus, the appro-
priate tests are one-tailed. Experimental results found to
be statistically significant (P<0.05) were also significant
as two-tailed tests.

RESULTS

The hypothesis that females may retain an ancestral
preference for facing north was not supported. There was
no association between direction (north or south) and the
orientation of females in bowers during courtship
(x*=0.731, P=NS). Females faced the standing wall 87.9%
of the time at the beginning of courtships when males
were not yet present on the court (sign test: Z,=2.27,
N=7, two-tailed P=0.023).

Females spent more time facing the standing than the
destroyed wall at all bowers (Z,, ,,=2.93, P=0.0066) and
in 26 of 27 total courtships (Table 1). Similarly, males
courted more from outside the standing wall than the
destroyed wall for all bowers (Z,, ;,=2.87, P=0.0088) and
in 24 of 27 courtships. Overall, males and females posi-
tioned themselves such that the standing wall was
between them the majority of time in 23 of 27 courtships.
In one case, the pair had the destroyed wall between

them, and in the three remaining cases, the female faced
into the standing wall, but the male displayed more from
the side of the destroyed wall.

In one case, a courtship began with the male standing
inside the bower and the female facing him, looking
through the wall from the outside. The male then moved
away briefly and the male and female reversed positions.
These results indicated that separation by the wall may be
more important than the usual positions taken by each
sex at the bower, and that females will only move towards
their usual position if the male is not in a position to
threaten her.

Using information from the previous field season, we
tested the prediction that intense displays are attractive to
females by contrasting male mating success with seven
variables that might indicate the level of vigour in male
courtships. Four of these variables showed significant
positive correlations with male mating success, suggest-
ing their importance in female mating decisions
(Table 2).

To determine whether the presence of the wall affected
the intensity of male display, we compared the rates of
the four behaviours shown to be important in mate

Table 2. Spearman rank correlations of male mating success with
seven variables selected as possible indicators of the intensity of male
display

Variables Spearman rank
(N=13) correlation
Proportion of long calls 0.594*
Body shudder rate 0.832**
Wing flip rate -0.083
Wing flip duration 0.391
Decoration toss rate 0.575*%
Proportion of decorations tossed 0.208
Decoration pick-up rate 0.564*

*P<0.05, **P<0.001.
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Figure 2. Comparisons of rates of male display on standing and
destroyed sides of bowers. Variables that showed significant corre-
lations with male mating success in the previous year (1989),
indicating their likely importance to females in mate selection, were
selected for this comparison. The figure shows overall mean+SE rate.
M =Unmanipulated wall; [J=destroyed wall. *P<0.05 (Wilcoxon
signed-ranks test).

choice on the standing and the destroyed wall sides of
bowers. Consistent with predictions from the threat
reduction hypothesis, three of the four variables showed
significantly higher rates of display on standing side
than on destroyed side of the bower (body shudder
rate: Z,=2.09, P=0.015; percentage of long calls:
Z,=1.48, P=0.065; decoration pick-up rate: Z,=2.6,
P=0.0047; decoration toss rate: Z,=2.07, P=0.022 (one-
tailed tests; Fig. 2). A combined probability test (Fisher
1954; Sokal & Rolf 1995) revealed a highly significant
overall difference in display rate for these variables
(13=25.82, P=0.005).

DISCUSSION

Our results are consistent with predictions developed
from the threat reduction hypothesis suggesting that
changes in spotted bowerbird bowers represent a
coevolved suite of changes that allow males to give higher
intensity displays to females than might be given at a
bower of more typical design. Results from the analysis of
unmanipulated bowers suggest that females prefer males
with more intense displays. Experimental modifications
of bowers showed that both males and females spent
more time facing into the standing wall than into the
destroyed wall of the bower during courtship. Females
faced into the standing wall before males arrived on the
court, suggesting a bias to face into the wall even when
males were not present. The consistent tendency for
males to use the bower wall to orient their displays at
manipulated bowers despite the northerly bias found at
unmanipulated bowers suggests that separation by the
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wall was of greater importance at manipulated bowers
than the directional bias commonly expressed at un-
manipulated bowers. The higher intensity of male display
on the standing versus the destroyed side of the bower
supports the prediction from the threat reduction
hypothesis that the wall allows males to give more
intense displays.

Pre-existing female preferences for facing the display-
ing male or the standing wall represent alternative
hypotheses that could explain male and female responses
to bower wall manipulations. A pre-existing female pref-
erence for facing the male does not explain differences in
male behaviour at unmanipulated bowers, where males
most often displayed from behind the north bower wall
(Borgia 1995a), and at experimental bowers, where males
consistently positioned themselves behind the standing
wall.

Courtship through the bower wall could result from an
arbitrary female preference for facing standing walls, and
the male choosing to face the female for display. But this
hypothesis does not explain the lowering of display
intensity on the destroyed side of the bower. Hypotheti-
cally, display intensity might be higher behind the stand-
ing wall because males are less visible, and displays of a
minimum perceived intensity may be needed to stimulate
females. However, this is unlikely because (1) the bower
wall is sufficiently open to allow a reasonably clear view
of the male’s movements, (2) acoustical characters were
among those enhanced during courtship displays, and
thus the perception of these characters is unlikely to be
unaffected by the presence of a thin bower wall, and (3)
males reduced the intensity of their display on the
destroyed side of the bower. Conceivably, males could
save energy by reducing display intensity, because in the
absence of the wall, they would be more visible, but such
savings would be small and would not be expected in the
relatively novel situation presented by wall destruction in
our experiments. On the other hand, if threat was critical
in affecting female receptivity and males monitor female
reactions to their own courting behaviour, then males
should show effective and appropriate changes in display
intensity even under the relatively novel condition when
the bower wall is removed.

The male threat in display has probably affected the
evolution of display in other bowerbird species. In
avenue-building bowerbirds, excepting spotted bower-
birds, males hold bower decorations in their beak during
courtship as they directly face the female. Attacks involv-
ing lunges with an open beak are sometimes directed at
visiting birds at the bower. The presence of a decoration
in the beak could soften this blow and may signal reduced
threat to females, because the male’s beak is closed on the
decoration. Male spotted bowerbirds frequently pick up
and throw decorations, but are unique because males do
not hold decorations in their beak over prolonged periods
of display (Borgia 1995a). The separation of the male and
female by the bower wall during courtship in spotted
bowerbirds may obviate the need for threat reduction
gained by males holding decorations in their beaks.
Among species in the genus Chlamydera, the male’s
ability to move away from the bower allows the male




1126 ANIMAL BEHAVIOUR, 56, 5

to modulate negative effects of intense courtships
(G. Borgia, unpublished data). Two species have indepen-
dently evolved small courts and bowers raised on tall stick
platforms (fawn breasted, C. cerviniventris, and yellow
breasted, C. lauterbachi), and both have low-intensity
courtships. Males in species with bowers on the ground
(spotted, great, C.nuchalis, and western, C. guttata,
bowerbirds) have displays that are much higher in inten-
sity and often court at much greater distances from the
female.

Most models of elaborate male display have focused on
the exaggeration of individual display traits (e.g. Lande
1981). Mealler & Pomiankowski’s (1993) comparisons
show, however, that for most polygynous species,
elaborate displays consist of multiple display traits. They
propose that multiple traits can evolve because some
signal different types of information valuable to females,
and some provide redundancy to increase the accuracy of
assessment, while others have lost their function. They
conclude that traits in most polygynous species are
functionless either as the result of runaway selection or as
indicators that have lost their ability to reliably signal
mate quality (but see Borgia 1995b). Alternatively, Hasson
(1990, 1991) has suggested that secondary display ele-
ments evolve because they enhance the female’s percep-
tion of major indicator traits (see also Brooks & Caithness
1995). Schluter & Price (1993) suggest that secondary
traits increase signal detectibility. We suggest a differ-
ent reason why secondary traits (e.g. modified bower
architecture or decorations held in the male’s beak)
evolve: because they reduce costs of assessment to
females.

In recent models that consider the evolution of mul-
tiple display traits, the cost to females, such as increased
time in mate searching, may limit the number of traits
that can evolve (Pomiankowski & Iwasa 1993; Iwasa &
Pomiankowski 1994). However, if novel traits lower the
overall costs to females, then constraints on the addition
of new traits should be removed, and allow large numbers
of new traits to be added. In spotted bowerbird lineage,
the many traits associated with a dramatic change in
courtship display may have evolved because these traits
have reduced the negative elements associated with
aggressive courtships and allowed further intensification
of male display. In general, traits that reduce the
costs of choice to females should (1) increase the number
of display elements that females can afford to prefer
and (2) allow further elaboration of already existing
display traits.

The recurrent evolution of displays with aggressive
elements in species with nonresource-based mating sys-
tems (Loffredo & Borgia 1986; Hoglund & Alatalo 1995)
suggests that these displays are not arbitrary. Instead,
threatening displays may result from the co-option of
already available signals that evolved in the context of
male-male threat display (Borgia 1979; Bergland et al.
1996). Male threats used in aggressive interactions are
probably most effective when they indicate a high level of
vigour by the displaying male such that the signal recipi-
ent can anticipate losing in an escalated contest; this
same signal may also be useful in indicating male quality

L

to females. Display systems involving these types of
signals should evolve readily relative to those requiring
coevolved male traits and female preferences (Turelli
1984; Borgia 1987; Nichols & Butlin 1989, 1992; Breden
et al. 1994) because it would only require the evolution
of a female preference for the already existing male trait
that reliably confers information about- male genetic
quality to females. However, while such displays may be
valued by females, their design may need modification
to function effectively in the new context of male-
female display. Thus, trait elaboration in bowerbirds,
and probably in other species, often involves the co-
evolution of behaviours, postures and structures that
enhance the utility of threat displays for use in court-
ship by modulating their negative effects on females.
Co-option of other male traits useful in mate selection
by females (e.g. choosing bright feathers evolved for
other functions as a signal of disease resistance) could
involve similar adjustments.

The common use of aggressive elements in male court-
ship display in species with nonresource-based mating
systems (Borgia 1979; Loffredo & Borgia 1986; Berglund
et al. 1996) suggests the possibility that threat reduction
could affect display elaboration in species other than
bowerbirds. For example, the male bluebird of paradise,
Paradisaea rudolphi, and oropendolas, Psarocolias monte-
zuma, may reduce threatening aspects of their very loud
displays by hanging upside down from display perches, a
position from which it would be difficult to attack
females. These examples suggest that hypotheses consid-
ering threat reduction, and more generally, reducing
costs to females, may be useful for understanding func-
tional roles for the curious patterns of elaborate and
extreme displays assumed to be artefacts of arbitrary
sexual selection.

The coevolution of large numbers of display elements
as part of a functional display system provides an alter-
native to runaway selection of arbitrary traits as an
explanation for rapid and large-scale changes in display
traits between even closely related species. This hypoth-
esis is supported by our observation that changes in
display between spotted bowerbirds and close relatives
are highly integrated functionally, indicating a high level
of adaptation.
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