m by other pomacanthid fishes.

Intra-colony demography and
e Africanized honeybee in South
' Sociobiol., 4, 279-292.
Swarming, afterswarming and
unmanaged honeybee colonies
tes soc., 27, 391-398.

4n, J. A. & Taylor, O. R. 1981.
! history characteristics of two
i mellifera). Oecologia, 48, 407—

L, G. W. 1978. Ages of bees in
ms of the Africanized honeybee.
129.

¥, 0. R. 1980. Factors preceding
¢ Africanized honeybee (Apis
werica. Insectes soc., 27, 289-304.
, 0. R. & Otis, G. W. 1980.
wth patterns, and bee manage-
» 826-830.

LS, revised 29 March 1985; MS.
hber: 44457)

ey

Anim. Behav., 1986, 34, 727-738

Feather stealing in the satin bowerbird (Ptilonorhynchus violaceus):
male competition and the quality of display

GERALD BORGIA & MAUVIS A. GORE*
Department of Zoology, University of Maryland, College Park, MD 20742, U.5.A.

Abstract. Male satin bowerbirds use feathers to decorate their bowers and often steal feathers and other
decorations from the bowers of other males. Decorations are a key element in sexual display and tracking
their movement between bowers provides the first detailed information about this unique pattern of sexual
competition. For two field seasons the movement of marked feathers was followed. Males varied greatly in
stealing activity. The most active feather thieves were often from areas where bowers were close together
and they were involved in reciprocal stealing with males at adjacent bowers. The rate of stealing by males
was significantly correlated with the number of feathers on their bowers. This suggests that stealing is
important in determining the level of bower decoration and mating success. Patterns of stealing behaviour
support models of sexual selection which suggest that male interactions are important in influencing
female choice through their effect on the quality of male display.

Bowerbirds (Ptilonorhynchidae) are unique among
animals in that males build and decorate elaborate
structures called bowers. These structures are used
only for courting females, as females do not
associate with males after mating. Fourteen of 18
species of bowerbirds build bowers, but the shape
of bowers and the types of decorations used differ
among species (Marshall 1954; Gilliard 1969;
Cooper & Forshaw 1977). Male satin bowerbirds
(Ptilonorhynchus  violaceus) place decorations
including snail shells, yellow flowers, blue blos-
soms, cicada exuviae, yellow straw, yellow leaves
and blue feathers on a cleared area adjacent to the
bower and steal decorations from other bower
holders (Marshall 1954; Vellenga 1970).

Theft of decorations by bowerbirds is a unique
form of sexual competition. The number of deco-
rations on a bower is an important determinant of
male mating success in the satin bowerbird (Borgia
1985a), yet the decorations appear to have no
intrinsic value to either sex outside the context of
sexual display. Almost all decorations used by
bowerbirds are inedible (Cooper & Forshaw 1977)
and female satin bowerbirds never take them or use
them at nests.

There has been no intensive study of decoration
stealing in any species. Marshall (1954) marked
pieces of blue glass and noted that they moved long
distances as they passed between bowers. Vellenga
* Present address: Sub-department of Animal Behaviour,

University of Cambridge, Cambridge CB3 8AA, Eng-
land.

(1970) described the collecting of blue toys by a
male satin bowerbird, and the movement of these
decorations to other bowers after his disappear-
ance and presumed death. Anecdotal accounts of
stealing in species of the genus Chlamydera were
reviewed by Marshall (1954), and Diamond (1984)
described stealing of blue poker chips between two
bowers of Amblyornis inornatus. Male Prionodura
newtoniana steal flowers of Melacope broadben-
tiana from the bowers of other males (C. Frith,
personal communication). Stealing is unknown in
the bowerbird Amblyornis macgregoriae which uses
only very small decorations (M. & S. Pruett-Jones,
personal communication).

A major objective of this paper is to provide
basic information on the pattern and significance
of feather stealing in the mating system of the satin
bowerbird. The feathers used as decorations are
almost exclusively those of two parrot species, the
crimson rosella (Platycercus elegans) and the east-
ern rosella (P. eximis). Blue feathers are the most
preferred of all objects stolen (Borgia, in prep-
aration) and are one of only two types of deco-
rations (the other being snail shells) the number of
which on bowers is consistently correlated with
male mating success (Borgia 1985a). Blue feathers
are easy to mark and can be followed for an entire
mating season. Moreover, they are extremely rare
on the study area and can typically be found in
abundance only on bowers (Borgia, in prep-
aration). We consider factors that determine when
and from which bird individual males steal
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feathers. These results can then be used to evaluate
models for the evolution of sexual display.

There has been much recent interest in the
relationship between exaggerated sexual display
and female choice in polygynous species (e.g.
Trivers 1972; Zahavi 1975; Davis & O’Donald
1976; Bell 1978; Borgia 1979; Thornhill 1980;
Andersson 1982; Hamilton & Zuk 1982; Bateson
1983; Halliday 1983). Numerous models have been
suggested to explain how exaggerated display
might evolve (Fisher 1930; Zahavi 1975; Borgia
1979; LeCroy et al. 1980), yet there have been few
tests of these hypotheses. One issue on which these
models differ is the role of male competition in
affecting male display and female choice. For
example, the male dominance model (Borgia 1979;
Borgia et al. 1985) predicts that aggressively domi-
nant males should be favoured by females; Parker
(1983) and Andersson’s (1982) passive choice
model and Fisher’s (1930) runaway model make no
predictions about the effect of male interactions on
mate choice decisions.

Male competition for decorations in satin bow-
erbirds provides a useful model for studying the
importance of male competition in shaping sexual
display. Gilliard (1956) observed that the number
of decorations on bowers and the degree of male
plumage elaboration are inversely correlated
among bower-building species. This led him to
propose the ‘transfer effect’, which suggests that
bower decorations function in place of the exagger-
ated plumage displays. The lack of information on
the importance of male interactions in shaping
exaggerated displays may be due to the solitary
nature of display among males of these species and
the consequent difficulty in making detailed obser-
vations. The study of feather stealing in bowerbirds
allows us to identify the males involved in interac-
tions, determine which factors influence the rate of
interaction, and quantify the effects of stealing on
the quality of display by competing males.

METHODS

The study area is situated at Wallaby Creek, 140
km south-west of Brisbane in Beaury State Forest,
New South Wales, Australia. Wallaby Creek con-
stitutes the 2-km eastern border of the rectangular
study area which extends 1-5 km into a system of
ridges formed by the creek’s tributaries. Several
distinct forest associations cover the area. Eucalyp-

tus is the dominant canopy tree. The underston
varies and includes grassland, thick thorn scrub
and rain-forest species. Rain forest predominates
in low areas, along creeks, and on the east side ¢
higher ridges. Wallaby Creek is isolated, so humar
disturbance at bowers is unlikely, and natura
objects are the only commonly available deco
rations.

The stealing behaviour of male satin bowerbird:
was monitored through the peak of the mating
season from 15 November to 20 December b
which time bowers had reached the peak level of
decoration. In 1981 and 1982, 26 and 33 bowers,
respectively, were monitored. We mapped the
location of each bower and measured the distance
to neighbouring bowers. Bower owners were indi
vidually banded with unique colour patterns
Feathers found at the study bowers were marked
with unique identification codes. On daily visits tof
bowers, observers recorded the number and iden-
tity of blue feathers. It has been established tha
thefts by other bowerbirds is the only likely
mechanism for feather movement between bowers
and that the majority of stealing is done by adul;
males that own bowers (Borgia, in preparation).

We assumed that each feather that movet
between a pair of bowers on one day was the resull
of one stealing event. This method introduces two
sources of error: (1) it underestimates the frequency
of stealing events by not taking into accoun
reciprocal thefts of the same feathers between
bowers between visits by observers, and (2) i
overestimates the distance feathers are moved pej
theft because multiple thefts of a feather in one daj|
were recorded as single thefts. Reciprocal and
multiple thefts have been observed within a record
ing period. However, the resulting error is low
because of the low probability of a theft between
two bowers on the same day (see below), and
because it is unlikely that all feathers will be
returned to their original bower in a reciprocal thef;
if multiple feathers are stolen.

Unmarked feathers that appeared at bower
were assumed to have been found away from i
bower and were not considered to be the result ofa
theft. Similarly, feathers disappearing from one
bower and not appearing on another were assume(
to have been lost (juvenile males sometimes take
feathers to their temporary display sites).

The Spearman rank correlation, Pearson pro-
duct-moment correlation, Student’s r-test, and
Wilcoxon matched-pairs signed-rank test wer:

Borgia

used for statistical comparisons (Con
Means are expressed as X+4sp. Sok:
(1969) significance test for combined
was used for multiple year comparisor

RESULTS

Stealing Rates

A summary of the thefts between
bowers and the total number of thefts :
stolen from each bower for 1981 an
shown in Tables I and IT respectively. L
years, there was an average of 4-4
7-49 + 8-28 thefts per bower, respective
season. The daily stealing rate was 0-(
thefts per bower per day, with an aver
and 1-49 feathers taken per theft (Fig. 1
strong correlation between the number
bouts by a male and the number of fea
by him (1981: r,=0-95, P<0-001; 198
P<0-001). This result is due to the I
number of feathers taken per theft. An
419+7-09 (1981) and 613+ 10-14 (19
were displayed at a bower during
season.

The mean number of feathers stolen
bower was nearly equal to the mean
feathers on a bower through the season
it appears that feather stealing occurs
ciently high rate to cause significant ch:
distribution of feathers among bowers.

In the following sections we consi
which may influence stealing rates by r

Stealing rates and bower decoration

If stealing is important in deterr
number of feathers on bowers ar
influences mate choice patterns, then fe
ing should be correlated with the -
feathers on a male’s bower. There is a
relationship between the number of fe:
male’s bower and both the number of
steals (1981: r,=0-458, P=0-014; 1982
P=0-001) and the number of success!
bouts (1981: r;=0-378, P=0-038; 1982
P=0-001). However, this result is ¢
because the number of times a male ste:
correlated with the number of times he is
theft (1981: r,=0-855, N=26, P<0-
r,=0-836, N=33, P<0-001), and the
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feathers. These results can then be used to evaluate
models for the evolution of sexual display.

There has been much recent interest in the
relationship between exaggerated sexual display
and female choice in polygynous species (e.g.
Trivers 1972; Zahavi 1975; Davis & O’Donald
1976; Bell 1978; Borgia 1979; Thornhill 1980;
Andersson 1982; Hamilton & Zuk 1982; Bateson
1983; Halliday 1983). Numerous models have been
suggested to explain how exaggerated display
might evolve (Fisher 1930; Zahavi 1975; Borgia
1979; LeCroy et al. 1980), yet there have been few
tests of these hypotheses. One issue on which these
models differ is the role of male competition in
affecting male display and female choice. For
example, the male dominance model (Borgia 1979;
Borgia et al. 1985) predicts that aggressively domi-
nant males should be favoured by females; Parker
(1983) and Andersson’s (1982) passive choice
model and Fisher’s (1930) runaway model make no
predictions about the effect of male interactions on
mate choice decisions.

Male competition for decorations in satin bow-
erbirds provides a useful model for studying the
importance of male competition in shaping sexual
display. Gilliard (1956) observed that the number
of decorations on bowers and the degree of male
plumage elaboration are inversely correlated
among bower-building species. This led him to
propose the ‘transfer effect’, which suggests that
bower decorations function in place of the exagger-
ated plumage displays. The lack of information on
the importance of male interactions in shaping
exaggerated displays may be due to the solitary
nature of display among males of these species and
the consequent difficulty in making detailed obser-
vations. The study of feather stealing in bowerbirds
allows us to identify the males involved in interac-
tions, determine which factors influence the rate of
interaction, and quantify the effects of stealing on
the quality of display by competing males.

METHODS

The study area is situated at Wallaby Creek, 140
km south-west of Brisbane in Beaury State Forest,
New South Wales, Australia. Wallaby Creek con-
stitutes the 2-km eastern border of the rectangular
study area which extends 15 km into a system of
ridges formed by the creek’s tributaries. Several
distinct forest associations cover the area. Eucalyp-
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tus is the dominant canopy tree. The understory 1
varies and includes grassland, thick thorn scrub,
and rain-forest species. Rain forest predominates
in low areas, along creeks, and on the east side of
higher ridges. Wallaby Creek is isolated, so human
disturbance at bowers is unlikely, and natural
objects are the only commonly available deco-
rations.

The stealing behaviour of male satin bowerbirds
was monitored through the peak of the mating
season from 15 November to 20 December by !
which time bowers had reached the peak level of
decoration. In 1981 and 1982, 26 and 33 bowers,
respectively, were monitored. We mapped the
location of each bower and measured the distances
to neighbouring bowers. Bower owners were indi-
vidually banded with unique colour patterns.
Feathers found at the study bowers were marked
with unique identification codes. On daily visits to |
bowers, observers recorded the number and iden-
tity of blue feathers. It has been established that i
thefts by other bowerbirds is the only likely
mechanism for feather movement between bowers,
and that the majority of stealing is done by adult
males that own bowers (Borgia, in preparation).

We assumed that each feather that moved
between a pair of bowers on one day was the result
of one stealing event. This method introduces two
sources of error: (1) it underestimates the frequency
of stealing events by not taking into account
reciprocal thefts of the same feathers between
bowers between visits by observers, and (2) it |
overestimates the distance feathers are moved per
theft because multiple thefts of a feather in one day
were recorded as single thefts. Reciprocal and
multiple thefts have been observed within a record-
ing period. However, the resulting error is low
because of the low probability of a theft between
two bowers on the same day (see below), and
because it is unlikely that all feathers will be 4
returned to their original bower in a reciprocal theft
if multiple feathers are stolen.

Unmarked feathers that appeared at bowers
were assumed to have been found away from a
bower and were not considered to be the result ofa
theft. Similarly, feathers disappearing from one
bower and not appearing on another were assumed
to have been lost (juvenile males sometimes take
feathers to their temporary display sites).

The Spearman rank correlation, Pearson pro-
duct-moment correlation, Student’s t-test, and
Wilcoxon matched-pairs signed-rank test were |

!
|
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used for statistical comparisons (Con
Means are expressed as X¥+sD. Sok:
(1969) significance test for combined
was used for multiple year comparisor

RESULTS

Stealing Rates

A summary of the thefts between
bowers and the total number of thefts ¢
stolen from each bower for 1981 an
shown in Tables I and II respectively. [
years, there was an average of 4-4
7-49 + 8-28 thefts per bower, respective
season. The daily stealing rate was -
thefts per bower per day, with an aver
and 1-49 feathers taken per theft (Fig. 1
strong correlation between the number
bouts by a male and the number of fea
by him (1981: r,=0-95, P <0-001; 198
P<0-001). This result is due to the 1
number of feathers taken per theft. Ar
419+ 7-09 (1981) and 6:13+10-14 (19
were displayed at a bower during
season.

The mean number of feathers stoler
bower was nearly equal to the mean
feathers on a bower through the season
it appears that feather stealing occur:
ciently high rate to cause significant ch
distribution of feathers among bowers

In the following sections we consi
which may influence stealing rates by

Stealing rates and bower decoration

If stealing is important in deter
number of feathers on bowers ar
influences mate choice patterns, then fe
ing should be correlated with the
feathers on a male’s bower. There is :
relationship between the number of fe
male’s bower and both the number of

L steals (1981: r,=0-458, P=0-014; 1982

P=0-001) and the number of success
bouts (1981: r,=0-378, P=0-038; 198
P=0-001). However, this result is ¢
because the number of times a male ste
correlated with the number of times he i
theft (1981: r,=0-855, N=26, P<0
r,=0-836, N=33, P<0-001), and the
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wed for statistical comparisons (Conover 1971).
Means are expressed as X+sp. Sokal & Rolf’s
{1969) significance test for combined probabilities
was used for multiple year comparisons.

RESULTS

Stealing Rates

A summary of the thefts between any pair of
1 bowers and the total number of thefts and feathers
stolen from each bower for 1981 and 1982 are
shown in Tables I and II respectively. During these
years, there was an average of 4-46+3-5 and
749 + 8-28 thefts per bower, respectively, for each
season. The daily stealing rate was 0-08 and 0-14
] thefts per bower per day, with an average of 1-15
and 1-49 feathers taken per theft (Fig. 1). There is a
.1 strong correlation between the number of stealing
 bouts by a male and the number of feathers stolen
) by him (1981: r,=0-95, P<0-001; 1982: r,=0-93,
P<0-001). This result is due to the low average
number of feathers taken per theft. An average of
14194709 (1981) and 6-13 + 10-14 (1982) feathers
‘were displayed at a bower during the mating
™ eason.
. The mean number of feathers stolen from each
lbower was nearly equal to the mean number of
eathers on a bower through the season. Therefore,
it appears that feather stealing occurs at a suffi-
dently high rate to cause significant changes in the
distribution of feathers among bowers.
. In the following sections we consider factors
{which may influence stealing rates by males.

|Stealing rates and bower decoration
| If stealing is important in determining the
Jmumber of feathers on bowers and thereby
* nfluences mate choice patterns, then feather steal-
|ing should be correlated with the number of
‘Heathers on a male’s bower. There is a significant
rlationship between the number of feathers on a
‘ male’s bower and both the number of feathers he
\steals (1981: r,=0-458, P=0-014; 1982; r,=0-615,
,‘P=0~001) and the number of successful stealing
bouts (1981: r,=0-378, P=0-038; 1982: r,=0-573,
,=0-001). However, this result is complicated
{ because the number of times a male steals is highly
f wrrelated with the number of times he is a victim of
jtheft (1981: r,=0-855, N=26, P<0-001; 1982:
r=0-836, N=33, P<0-001), and the number of
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feathers he gained is significantly correlated with
the number that he lost (1981: r,=0-873, N=26,
P <0-001; 1982: r,=0-859, N=33, P<0-001; Fig.
2).

We compared the net gain in feathers (number of
feathers gained —number of feathers lost) and the
proportion of successful bouts with feathers gained
(number of bouts with feathers gained/number of
bouts with feathers gained + number of bouts with
feathers lost) with the mean number of feathers on
the bower for each year. There was a significant
correlation between the number of feathers on
bowers and the net gain in feathers (1981:r,=0-352,
N=29, P<0031; 1982: r,=0-221, N=33,
P <0-109; combined P=0-023) and the proportion
of bouts with feathers gained (1981: r,=0-317,
N=29, P<0047; 1982, r.=0-285, N=33,
P <0:054; combined P=0-019). These results show
that males with more feathers on their bowers tend
to steal more often than they are stolen from, and
thereby support the argument that stealing is
important in determining differences in the number
of feathers on bowers.

The number of feathers stolen

The mean number of feathers taken by males is
far less than the mean number of feathers present
on bowers (see above) or the mean number which
males can carry. We have observed males carry
eight feathers in theft, and feather movement data
suggest that as many as 10 feathers can be carried.
Figure 1 shows that thefts involving four or more
feathers are extremely rare. Thus males do not
always maximize the number of feathers that they
take.

There is, however, some evidence that the
number of feathers males take is determined by the
number of feathers on their bowers. The number of
feathers on males’ bowers at the time of a theft was
compared with the mean number of feathers on
their bowers for the entire season. There is a weak
negative regression between the deviation in
number of feathers from the seasonal mean and the
number of feathers taken per theft for the 1982
season (1981: r2=0-003, P=0-276; 1982:
r?=—0:011, P=0-046). This result suggests that a
male may steal more when it has a below-average
number of feathers on its bower.

Males might adjust the number of feathers they
steal according to the number on the victim’s
bower. There is a positive regression in one of two
years between the number of feathers on a victim’s
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Table 1. Number of feathers stolen in 1981

Thief’s gains

Victim

37 38 40 Feathers Bouts

30 31 32 33 35 36

1 12 13 15 16 17 I8 19 22 29

10

3

Thief
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Figure 1. The number of feathers taken per theft.

bower and the number of feathers stolen (1981:
r?=0001, P=0-491; 1982: r2=0-057, P=0-001).
This may occur because bowers with more feathers
have, on average, more feathers attractive to
thieves.

The pattern of decoration stealing

The effects of relative distance between bowers
on theft rates can be evaluated by comparing
neighbours ranked by distance. Figure 3 shows that
near neighbours (rank 5 or closer) accounted for
71-29; (1981) and 74-7% (1982) of all thefts (1981;
W=31, N=20, P<0-004; 1982: W=38, N=25,
P <0-001, one-tailed tests). These results show that

" most thefts were from nearby bowers, but not
necessarily from the nearest bower.

- ;

Stealing and near-neighbour distance

The tendency for near neighbours to be heavily
involved in stealing raises the question of the effect
that actual distance between bowers has on the
tendency of males to steal. Bowers are closely
spaced along Wallaby Creek, whereas those on
adjacent slopes tend to be farther apart (Donaghey
1981). Presumably, males with many close neigh-
bours should have more opportunities to steal and
should be more susceptible to having their own
feathers stolen. We used two variables to measure
the effect of the actual distance to neighbours on

- stealing rate: (1) distance to nearest neighbour, and

(2) mean distance to the five nearest neighbours.
The second variable was chosen to provide an
estimate of the distance of neighbours in all
directions. A low value for this variable indicates
that bowers are concentrated in this area. The

1= —0-401,
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effect of nearest neighbours on feather stealing rate
was evaluated by comparing the number of
feathers gained and lost with the distance to the
nearest neighbour. A significant rank-correlation
occurred in only one of two years (gain, 1981:
N=26, P=0-021; 1982: N=33,
P=0227; loss, 198L: r,=—-0424, N=26,
P=0-015; 1982: N=33, P=0-286). The average
distance to the five nearest bowers appeared to be a
better predictor of theft rates when compared with
the number of feathers gained (1981: r,= —0-532,
N=26, P=0-003; 1982: r,=—0-397, N=33,
P=0-011, Fig. 4) and lost (1981: r,=—0-542,
N=26, P=0002; 1982: r,=—0-379, N=33,
P=0-015).

Many bower owners with near neighbours have
low theft rates (Fig. 4). These males maintain
bowers with few decorations and appear to be
generally inactive in stealing. We evaluated the
effects of nearest and near-neighbour distance for
males with well decorated bowers on theft rates by
excluding from the comparison all bowers that had
less than an average of two feathers each. The
results showed that stealing rates are significantly
correlated with distance to mean near neighbours
(gains, 1982: r2=0-441, P<0-001; losses, 1982:
r=0-445, P <0-001) and nearest neighbour (gains,
1982: r’=0-316, P=0-007; losses: r?=0-348,
P=0-005). Similar results are found if the number
of feathers gained is considered instead of the
number of stealing bouts. Thus, for males that
actively decorate bowers, distance to other actively
decorating males is important in determining the
rate of stealing from their bowers.

Stealing between years

If properties of males or bower sites are the
major cause of variation in stealing rates, then we
expect a high correlation in stealing rates among
bowers in successive years. However, there is no
significant correlation in stealing rates for owners
of the same bower in successive years (r,=0.146,
N=21, P=0.209). The absence of a significant
correlation between years suggests that the stron-
gest factors influencing stealing rate are short-lived
and often do not last beyond one field season. This
conclusion is supported by the observation that
only two males appear among the nine most active
thieves between years.

Reciprocal stealing
If the stealing patterns of the most active thieves
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Table II. Number of feathers stolen in 1982
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Victim

12 13 15 16 17 18 19 22 30 31

32
4/4

32
11 2/2
11 22
10 19/7

3
4
5
6 2/2
7
9

9/7

17 1/1 11

19 11

31 /1 128 6/4 353 22

38 2252
39 11

54 5/4 57/16

12/7
Victim's
losses:

Feathers 8 75 13 9 2 44 27
Bouts 7 29 10 9 2 23 17

—

237
1 11
33 11

21 11

22 1/
32

17/6 111 32
1/1
8/3
2/1

1/1

31 3/3
9/5
572
20

2/2 3/1

5/2

1 41

43
11

1t

7 12 10 17 7 7 6 0 1 38
2 5 6 6 7 5 3 0 1 17

L

|

Figures are given as no. feathers/no. bouts.

are compared, a consistent pattern emerges: these
males are typically involved in reciprocal stealing
associations. The existence of these associations
supports the hypothesis that males may steal in
reaction to being stolen from. Reciprocal stealing
associations are defined as cases in which both
males involved were active thieves and in which the
less active member of the pair stole from the other
male at least 50%; as often as he was stolen from by
his stealing partner. Eight of the nine most active
thieves in 1981, and eight of the 10 most active
thieves in 1982 were involved in these associations.
The most active association in 1981 was between

the owners of bowers 18 and 7 with a total of 11
thefts between them (see Table I). In 1982 the males
at bowers 4 and 54 had 26 thefts between them
(Table II). The cases where one member of a pair
with a large number of total thefts was not active
typically involved a new male as the inactive
partner. In 1981 the newly established male at
bower 11 was involved in two non-reciprocal
associations in which his bower was a frequent
target for thefts but in which he made few success-
ful stealing attempts. Similarly, in 1982, the one
case of a non-reciprocal association involved an
active thief and a newly established male at bower

Bor

35 36 37 38 39 41 43

1/1
11 3/3
1/1
272 11
6/4 1/1
11
3/1
32
32 1/1 32
20/6
24/6
2/1

2/1

28 3 3 15 2 27 0
9 2 2 10 2 12 0

47. Stealing associations accounted
637, of the total thefts by active mal
1982 respectively, even though thes
sent less than one-third of all males
were monitored.

The above definition of recipro
based on the relative equality o
throughout the mating season. Reci
that there is an alternation of gai
through the season, and that a mal
steal is based on losses due to stealin
of the pattern of thefts between ste
shows that thefts occur in a predon
nating pattern. The sequence of ga;
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Victim
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7 18 19 22 30 3|
—_— |
23/1
11
B8 1/1
2/1 11
1/1
1 3n
1/1
2/1
5/2
22
52
4/3
76 0 1 33
53 0 1 17
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¢I). In 1982 the males
thefts between them
bne member of a pair
thefts was not active
nale as the inactive

Thief’s gains
35 36 37 38 39 41 43 44 45 47 48 54 59 60 Feathers Bouts
11/7 17 12
1/1 40/10 69 22
1/1 3/3 32 13 12
9 8
/1 4 4
2/2 11 28/14 46 29
6/4 1/1 8/4 37 19
/1 2/1 4 3
3 1/1 7 4
21 9
1/1 3 3
8 3
4 3
0 0
32 5 4
1 1
0 0
3/2 11 32 3/3 40 30
9 5
20/6 25 8
2 2
12/7 12 7
12 7
1 1
24/6 29 8
0 0
0 0
0 0
2/1 /1 3 2
7 3
66 23
1 1
2/1 30 16
2 3 3 15 2 27 0 0 1 12 3 57 1 36 485
9 2 2 10 2 12 0 0 I 7 2 2 1 18 249

| 47. Stealing associations accounted for 58%/ and
1 7 with a total of 11 q 8 7%

63%; of the total thefts by active males in 1981 and

| 1982 respectively, even though these males repre-

sent less than one-third of all males whose bowers

1 were monitored.

The above definition of reciprocal stealing is

ibased on the relative equality of total thefts

established male at
two non-reciprocal
wer was a frequent
he made few success-
ly, in 1982, the one
ciation involved an
fished male at bower

i throughout the mating season. Reciprocity implies
| that there is an alternation of gains and losses

through the season, and that a male’s decision to
steal is based on losses due to stealing. An analysis

| of the pattern of thefts between stealing partners

| shows that thefts occur in a predominantly alter-
nating pattern. The sequence of gains and losses

from a bower is scored so that the number of
consecutive gains or losses (¢) could be compared
against the number of times that gains followed
losses or vice versa (x). If x is greater than ¢ we
assume reciprocal exchanges to be common; if ¢
equals x, gains and losses occur randomly; and if ¢
is greater than x, gains and losses of feathers are
grouped in time. Among the 13 bowers with active
stealing in 1981 and 1982 (corrected for the effects
of an unequal number of gains and losses) there
were 10 where x was greater than ¢, two with ties,
and one where ¢ was greater than x. This result
implies that males react by stealing when they are
stolen from.
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Figure 2. The number of feathers lost from a bower versus the number of feathers gained by the owner.

Stealing and the erection of new bowers

The establishment of males at new bower sites
may be related to the occurrence of active stealing
associations. In 1981 there were two new bowers
established (31, 38) and one bower (11) still in the
process of being established after several failed
attempts in the previous year. Males from bowers
11 and 31 were involved in two of the six most
active stealing associations.

In 1982 males were newly established at bowers
47, 54 and 60, and the male at bower 31 was again
active. These males were involved in five of the six
most active stealing associations. Males replaced
established males at adjacent bowers 6 and 7, but
were relatively inactive. The inactivity of the new

male at the bower-7 site may have occurred because
he positioned the bower 70 m NNW in a direction
away from bower 18, the owner of which actively
stole from bower 7 in the previous year. The
neighbours of the male at bower 6 were relatively
young males. Adjacent males along the same ridge
included the male at bower 7 who moved his bower
to the west, and the male to the east (5), who was
established late in 1980. The behaviour of the male
at bower 60 is especially interesting because he had
attempted to set up his bower in 1981 but it stood
for only 3 days and was repeatedly destroyed by
males from bowers to the east (9) and west (29). The
male from bower 29 disappeared in 1982 and bower
60 was established 60 m WNW of where it was built
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Figure 3. The number of thefts by males at different
distances from the victim’s bower.

in 1981. The male at bower 54 set up his bower at a
previously unoccupied site late in 1981. His bower
was repeatedly destroyed by the male at nearby
bower 4. Overall, among the males who set up
bowers at new sites, six of seven became involved in
an active stealing association. Males who replaced
other males at established bower sites did not
become involved in active stealing associations.
Thus there is evidence that high rates of theft may
be related to attempts by new males to establish
new bowers in the matrix of existing bowers. This
often results in reciprocal stealing associations, but
where stealing is not reciprocal, the inactive
‘partner’ is the new bower owner.

735
DISCUSSION

Stealing feathers provides dual benefits to thieves:
their decoration displays are augmented to the
same extent as those of their victims are dimi-
nished. However, it is difficult to determine the
relative importance of each of these effects in
shaping stealing behaviour. The strong correlation
of male mating success with the number of feathers
on bowers (Borgia 1985a), taken together with the
observation that theft from other bowers is the
main source of feathers (Borgia, in preparation),
suggests important benefits from stealing. The
highly directed nature of feather theft, especially
toward new males, implies that negative effects of
stealing on neighbours is important. Males com-
pete for a limited pool of females which seek mates
over a relatively small area (Borgia, in prep-
aration). By evicting other males that are attempt-
ing to establish new bower sites near their own,
males may increase their own probability of mat-
ing. Males programmed primarily to maximize
feather gain should steal wherever there are avail-
able feathers, and unless there are important
advantages to stealing from a particular bower, it is
unlikely that they would choose one bower as the
focus for their stealing. The highly directed nature
of stealing associations, the frequent involvement
of new bower holders and the short term of these
associations suggest that indirect gains from losses
to neighbours have an important effect on deter-
mining male stealing patterns.

The comparison of patterns of feather theft and
bower destruction give another indication of the
importance to victims of feather losses due to
feather theft. Borgia (1985b) has analysed bower
destruction patterns in satin bowerbirds. He found
that bower destructions were common and, like
feather thieves, bower destroyers tended to interact
most with near neighbours. Bower destructions
were less frequent than the theft of feathers, and
occurred in conjunction with stealing in most cases
(61%;). It was more common for feather thefts to
occur without bower destruction than vice versa.
The commonness of bower destruction suggests
that harm to the bower display of other males is
important, but the more frequent occurrence of
stealing implies that stealing, which directly aids
the thief in addition to harming the victim, carries a
greater overall advantage.

The above data suggest that a male’s tendency to
steal is strongly influenced by the distance between
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Figure 4. Mean distance to the five nearest bowers versus the number of feathers gained by the bower owner,

adjacent bowers and the level of decoration on
those bowers. When bowers are farther apart,
established males appear to find theft less reward-
ing. Inactive bower decorators often have neigh-
bours with few decorations on their bower and are
inactive as decoration thieves. Their failure to
actively decorate and participate in stealing sug-
gests that they may be subordinates attempting to
control display sites near the bowers of established
males. If these males attempted to decorate elabor-
ately, nearby established males might be more
likely to steal decorations and destroy their bower.
Less ornate bowers would provide these males with
an opportunity to produce a display, albeit of lower
attractiveness to females.

Several lines of evidence demonstrate that some
males may avoid high levels of decoration on their
bowers in order to reduce the threat of interference
by nearby males. The above data show that males
with few feathers on their bowers are inactive in
stealing. In addition, most decorations other than
feathers, such as yellow straw, yellow leaves, and
blue and yellow flowers, are abundant in the
vicinity of bowers, but are not used in large
numbers by inactive males. The total number of all
types of decorations on a male’s bower is positively
correlated with the number of feathers on his bower
(Borgia 1985a) and how often he steals (1981:
rs=0-327, N=27, P=0-032; 1982: r,=0-330,
N=33, P=0-030). Males in juvenile plumage may
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steal decorations and decorate temporary plat-
forms (Vellenga 1970, personal observation). Thus,
the inability of juvenile males to steal or collect
decorations cannot be the sole explanation for their
poorly decorated bowers.

Feather stealing appears to be an important
element in shaping the sexual display of male satin
bowerbirds. The generally high rates of feather
theft and the significant correlations between the
net gain from stealing and the number of feathers
on each bower show that stealing has a direct
influence on the number of feathers on a male’s
bower. Taken together with evidence that the
number of decorations (particularly feathers) is
highly correlated with male mating success (Borgia
1985a), these results suggest that males can
enhance their own fitness at the expense of nearby
competing males through stealing. Moreover, the
results are consistent with models of sexual selec-
tion in which females assess a male’s quality based
on his success in conflict with other males.

The important role of competition in shaping the
quality of display among male satin bowerbirds
may serve as a model for sexual competition in
other species with extravagant display. Bowers
provide a focus for the study of interactions that
would be much more difficult to evaluate among
species in which male interactions involve acousti-
cal contests or combat that is not focused at a
specific site. Our investigation of sexual competi-
tion in satin bowerbirds raises the possibility that
high levels of male interaction influence the inten-
sity and quality of male display in other exploded
arena species.
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