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SUMMARY

It has been proposed that levels of fluctuating asymmetry (¥a) may be used in establishing and
maintaining dominance hierarchies, as asymmetry reflects aspects of individual quality. However,
previous manipulations of ¥a have failed to reveal that the level or outcome of agonistic intra-sexual
interactions are alfected by levels of va. In female European starlings (Sturnus vulgaris), corrclational data
suggest that Fa of the speckled chest plumage may be related to dominance status. These data are
confounded, however, by total number of spots on the chest and the proportion of the chest that is white,
both of which positively covary with chest asymmetry. Thus, we deconfounded the cflccts of these
plumage traits on dominance by experimentally manipulating the number of spots and spot number
asymmectry in a factorial design. The results indicated that dominance is influenced by the number of spots
on the chest, but not by spot asymmetry. Birds with spottier chests were dominant over birds with
experimentally decreased spot number. We suggest that female starlings’ chests are exposed to cxtensive
abrasion throughout the breeding scason and so are susceptible to damage asymmetries that may mask
the “truc’ fluctuating asymmetry of the trait. This may devalue the usc of chest asymmetry as a quality
indicator. Spottier chests may be costly to maintain, in part because of incrcased susceptibility to abrasion,

and so may be a better indicator of quality than asymmetry.

1. INTRODUCGTION

Fluctuating asymmetrics (¥as) are randomly produced
deviations [rom perfect symmetrical development in
hilateral (raits (Ludwig 1932). Many studies have
linked absolute ra with indicators of individual quality
(see, for example, Beardmore 1960; Downhower et al.
1990; Harvey & Walsh 1993). Low levels of ¥a may
reveal individuals capable of maintaining develop-
mental homecostasis in the face ol stresses during
growth. T'or these reasons, lemales have been shown to
pay atlention to symunetry information, particularly in
secondary sexual ornamentation, when making mate
choice decisions (Moller 1992, 1993; Swaddle &
Cuthill 19914, b; but see Enquist & Arak 1994;
Johnstone 1994).

The results of investigations of the role of Fa in intra-
sexual encounters are less consistent. Correlational
studies indicate that individuals with low levels ol ra
are dominant over asymmetric individuals {Ihornhill
& Sauer 1992; Liggett ef al. 1993; Manning &
Chamberlain 1993 ; Radesiter & Halldd6rsdéttir 1993).
In contrast, Swaddle & Witter (1994} found that
female starlings (Sturnus vulgaris) with asymmetric
primary fcathers were dominant to those with more
symmetrical primaries. However, Maller (1992, 1993)
found that manipulating levels of asymmetry in male
swallows™ (Herundo rustica) tails had no effect on level or
outcome of aggressive encounters between rival males.
In contrast to our previous work on the starling, which

Proc. R Soc. Lond. B (1995) 260, 219 223
Printed in Greal Britain

has predominantly examined rclations between Fa in
primary feathers and social dominance (Swaddle &
Witter 1994; Witter & Swaddle 1994), here we
examine relations between the chest plumage and
dominance status.

The European starling has sexually dimorphic chest
plumage at the time of mate acquisition. Male starlings
have glossy iridescent chest plumage, whercas the
female has a dark brown or black chest that is speckled
with white spots (Feare 1984). Each individual feather
on the females” chest is dark with a white tp, which is
slowly abraded during the breeding season. Tt is these
white feather (tips that give the breast a spotty
appecarance. Investigations of between-individual vari-
ation in [emale chest plumage have revealed that chest
‘spoltiness’ (number of spots per unit arca) is related to
follicular development in captive birds (A. R. Gold-
smith & I. C. Cuthill, unpublished results). Females
with spottier chests (at the beginning of the breeding
scason) start their ovarian development, and lay their
first clutch, before those with less spotty chests (A, R.
soldsmith & 1. G Guthill, unpublished results). This
may give them filness advantages, for example, the
opportunity to lay a second clutch (Price e/ al. 1988;
Perring 1991). Ilence, female chest plumage may
reveal aspects of individual quality; higher quality
individuals have spotticr chests. This type of quality-
related (rait may act as a signal o scitle intra-sexual
conflicts without escalation to costly fights (e.g. Jirvi &
Bakken 1984 ; Fickert & Weatherhead 1987 ; Roskaft &
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Rohwer 1987; Fvans & Hatchwell 1991). Here, we
report two experiments that have investigated the role
of chest plumage asymmetry in agonistic interactions
between female starlings. The first experiment investi-
gated the relation between chest spottiness, chest
asymmetry and  social dominance in  birds with
unmanipulated plumage. The second experiment
examined these relations  further through  direct
manipulations of the female plumage.

2. METHODS
(a) Natural chest plumage variation

In the fixst experiment, we used thirty five wild-caught
adult female starlings, which were housed individually and
taken through moult under lood manipulation treatments
(the same experiment reported in Swaddle & Witter 1994)
At the end of moult, birds were randomly assigned to five
groups of seven individuals to obtain dominance scores.
Llach social group was housed in a cage measuring
05x0.5x0.9m, 4h before the dominance obscrvations
began. Birds were supplied with ad fibitum food for 2 h. After
this period, the lood was removed for 2 h. Food was then
returned and all agonistic interactions, over food or other-
wise, were recorded for a period of 30 min for cach group.
The majority of the agonistic interactions observed resulted
from competition for perch sites. These types of mteractions
arc common amongst groups ol female starlings in natural
(fiekd and large outdoor aviary) conditions (Feare 1984).
Alfter observation, all birds were returned to their individual
cages. This procedure was repeated five times, once a day,

over an eight day period. On cach occasion, new groups ol

seven birds were created by random allocations. All birds
were

gned a novel coloured leg-band combination, to
facilitate mdividual recognition. A single dominance score
was calculated lor cach bird by subtracting the number of
iteractions lost from the number of interactions won. Over
the {ive obscrvation periods, dominance was recorded for
cach bird from interactions with most other birds, allowing
meaningful comparisons of dominance across all birds.
Chest spottiness, absolute spottiness asymmetry (|[L—R]),
whiteness and absolute whiteness asymmetry measures were

obtained for each bird by analysis of video images taken of

the starlings’ chest plumage on the day of the fist
observations. All chest plumages were filmed in identical
lighting conditions with specified camecra scttings and all
birds were held vertically at the same distance from the lens.
The video images were digitized using the Optimas soltware
package (BioScan Incorporated 1992) to calculate the
number of spots per unit area and proportion of white arca
to black on both sides of the chest. The midline of the chest
was determined from a vertical line drawn from the midpoint
of the bill, when the bird was held vertically. These spottiness
and whiteness measurements were subsequently shown to be
highly repeatable  (spottiness, f7, ,, = 21.48, p < 0.0001;
whiteness, I, ., = 24.786, p < 0.0001; see Swaddle ¢ al.
1994) and exhibit the propertics ol Fa, ie. a normal
distiibution (Filliben Correlation cocefficients, i.e. correlations
ol raw data with predicted normal probability scores (Aitken
el al. 1989), spottiness, r = 0959, n= 33, p < 0.0001;
whiteness, ¥ = 0.955, n = 53, p < 0.0001) around a mean of
zero (one sample ftests, spottiness, £, = 0.93, = 0.180;
whiteness, £,, = 0.62, p = 0.270).

(by Manpulated chest plumage

The second experiment was performed on thirty two wild-
caught adult female starlings, housed in large outdoor
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aviaries with approximately 50 non-experimental indi-
viduals. Aviaries were exposed to natural photoperiod; the
experiment was performed in June 1994, At this time, birds
were in full breeding plumage (i.c. immediately pre-moult).
Birds were randomly assigned to four treatment groups. The
manipulations altered the chest plumage by partially or
wholly removing white (eather tips, with fine scissors, from
corresponding positions on the left and right sides of the
chest. The groups wexe as follows: (i) spotty symmetiic, ss,
where (our complete and twelve partial feather tips were
removed from both sides of the chest; (11) spotty asymmetric,
sa, cight whole and eight partial tips were snipped off'on one
side, and sixteen tips were partially removed on the other
(manipulations randomly assigned to left and right sides);
(i) less-spotty symmetric, LS, cight whole and eight partial
tips were removed from both sides; (iv) less-spotty asym-
metiic, 14, twelve whole tips and four partial tips were
removed {rom one side of the chest whilst four whole and
twelve partial tips were removed from the other (manipu-
lations randomly assigned to left and right sides). This
experimental design was balanced so that the same numbers
of feathers were manipulated between all treatment groups
and this allowed us to investigate the eflects ol spottiness and
spottiness asymmetry on social dominance. In the first
experiment, number of spots on the females’
from 39-92 (mean =681, se. =245), and the mean
absolute spottiness asymmetry ranged rom 0 18 (mecan =
6.20, se. =0.80). The manipulations in the second ex-
periment increased asymmetry by cight spots between
symmetric and asymmetric treatments. Similarly, the num-

chests ranged

ber of spots on the chest was reduced by cight in the spotty
treatment and by 16 in the less spotty treatment. Thus, these
manipulations represent values that are within the natural
range observed in female starlings.

One bird was randomly chosen {rom cach of the four
groups, and placed in a metal cage, measuring
0.5x0.5%x 0.3 m, so that cight groups of four birds were
formed, and all treatment groups were represented by one
individual in each cage. Within each group, birds were
randomly assigned two novel coloured leg-bands, allowing
individual recognition. The group cages were placed within
a larger outdoor aviary. The birds were supplicd with ad
lihitum tood and water lor 2 h. Food was removed for 1.5 h,
and then retuwrned when the dominance observations hegan.
Dominance scores, during 30 min observation periods, were
then determined as described for experiment 1. Dominance
scores were ranked to obtain a dominance hicrarchy of one to
four for each group of four birds. Four was the most
dominant bird, and onc was the least dominant.

{¢) Statistical analyses

Analyses for the first experiment were perlormed on
residual data, partitioning out the effects of the food
deprivation groups (see Swaddle & Witter 1994). 'The
spottiness and whiteness data were analysed on MINITAB
(Ryan el al. 1985) by lincar regression. As a result of the
particular half-normal distribution of unsigned absolute
asymmetry data (see Swaddle e al. 1994), the relations
between dominance and spottiness asymmetry and whiteness
asymimelry were investigated by non-parametric Rank
Spearman Correlations (Siegel &  Castellan 1988). Two
individuals  were excluded from  these analyses duc to
extensive feather damage. The data from the second
experiment were analysed by Friecdman non-parametric two-
way analysis ol variance (Sicgel & Castellan 1988), mvesti-
gating the ellects ol the manipulations on dominance rank,
blocked by cage. This analysis treated each group as an
independent statistical unit, not each individual, to avoid
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Figure 1. Social dominance versus (a) proportion of white
arca to black on the chest plumage (‘whiteness’) and ()
number of spots per unit area (‘spottiness’), from experiment
I. Values control for effects of treatment group. Lach data
point represents one individual.

pseudoreplication  (IMurlbert 1984). Two-tailed tests of
probability have been used throughout

3. RESULTS

Analysis of the data from the first experiment
indicated that chest whiteness 1s positively related to
social dominance (residual dominance = 0.0+ 674 re-
sidual whiteness, 7* = 9.99%,, F, 5, = 4.53, p = 0.041;
see figure 1 a). There was a similar, but non-significant,
trend between spotiiness and dominance (residual
dominance = 0.0+ 9.99 residual spottiness, 7** = 4.5%,,
Iy =249, p=0.124; sec [ligure. 15). That is,
individuals with whiter or spoticer chest plumage
tended to be dominant. There was also an indication of
a positive relationship between chest plumage asym-
metry and social dominance (whiteness asymmetry,
r, = 0.3537, n = 33, p = 0.035; spottiness asymmetry,
r, = 0273, n=233, p=0.113). However, chest
spottiness/whiteness and chest asymmetry were almost
positively related (whiteness, residual whiteness asym-
metry = 0.0+0.184 residual whiteness, »* = 8.6,
Iy 4 = 4.02, p = 0.054; spoltiness, residual spottiness
asymmetry = 0.04+0.165 residual spottiness, * =
8.5%, I, 5, = 3.99, p = 0.055), so it is not possiblc to
disentangle the relative importance of spottiness from
spottiness asymmetry and whiteness from whiteness
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IFigure 2. Mean (and s.c.) dominance rank of female starlings
[rom the different treatment groups in experiment 2: ss,
spolty symmetric; sA, spotty asymmetric; 18, less-spotty
symmetric; TA, less-spotty asymmetric,

asymmetry. In an attempt to tease apart these cffects
statistically, we performed further regression analyses
on residual data controlling for chest spottiness/
whiteness and chest asymmetry in turn. There was no
cffect of asymmetry once chest spottiness/whiteness
were controlled for (whiteness asymmetry, residual
dominance = 0.004+1.62 residual whiteness asym-
metry, 77 = 0.19%, I 5, = 0.03, p = 0.872; spottiness
asymmetry, residual dominance = —0.005-0.205 re-
sidual spottiness asymmetry, 7* = 2.99%,, F, ,; = 0.93,
p =10.343). However, there were indications of a
relationship between spottiness/whiteness and domi-
nance when asymmetry was controlled for (whiteness,
residual dominance = 0.1 4+20.5 residual whiteness,
7 =10.7%, I ,, =3.72, p =0.063; spottiness, re-
sidual  dominance = 0.0+ 19.6 residual spottiness,
=989, F,, =336, p=20.077). This provides
weak cvidence that overall spottiness and whiteness
may play a more important role in establishing and
maintaining dominance hierarchies than asymmetry.
However, it does not rule out the possibility that
dominance is influenced by other {unmeasured) vari-
ables that may covary with these aspects of plumage.
In experiment two, we have removed these possible
conlounding influences by experimentally manipu-
lating the chest plumage directly.

In experiment two, there was a significant effect of
the chest manipulations on dominance rank (§ = 9.62;
df. =3; p=0.022; sce figure 2). There was no
diflerence in dominance between the symmetric and
asymmetric treatments (sa and La versus ss and rs,
S =0.00; dtf =1; p=1.00). However, there was an
cffect of spottiness (ss and sa versus 18 and 1A, S=
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4.50; dt. = 1;
nant over less-spotty birds. There was no evidence of

p = 0.034); spottier birds were domi-
an interaction between spottiness and spotiiness asym-

metry (difference between ss and sa versus dillerence
between 15 and La, S = 1.00, d.f. = 1, p = 0.318).

4. DISCUSSION

Tt has been suggested that Fas reveal aspects of

individual quality, and that this information is used
when making mate choice decisions (Moller 1992,
1995, Swaddle & Cuthill 19944, b). Fuarthermore,
correlational studies have mdicated that individuals
with lower levels of Fa are more likely to win intra-
sexual encounters (Thornhill 1992; Liggett et al. 1993
Radesiter & Halldorsdottir 1993 ; but see Swaddle &
Witter 1994; Witter & Swaddle 1991). Experimental
manipulations of plumage ra, however, have [ailed to
find evidence that level of asymmetry influences intra-
sexual encounters (Moller 1992, 1993). Our data
support the latter findings. In the first experiment,
there was a weak indication of a relation between
asymmetry and dominance, but this was confounded
by chest spottiness/whiteness. In the second cxper-
iment, where overall spottiness and spottiness asym-
metry were deconfounded experimentally, we found
that spottiness per s¢ influcnced dominance, whereas
spottiness asymmetry did not. These results indicate
that overall chest spottiness may be more important as
a signal in Intra-sexual interactions than spottiness
asymmetry. We expect selection pressures (o favour the
evolution of preferences for the most reliable indicators
ol individual quality. In this case, spottiness may be a
more reliable indicator of condition than spottiness
asymunetry, because lemale starlings appear to make
use of chest spottiness in establishing and maintaining
dominance hierarchies. This naturally raises two
related points.

1. Does chest asymmetry reflect some aspect of

individual quality and if so why is it not used as a cue
in agonistic intra-scxual cncounters?

2. Why might chest spotuness convey useful in-
formation about quality or dominance if spottiness
asymmelry docs not? We address each of these points
below.

Chest asymmetry may not be used during intra-
sexual encounters either because starlings are unable to
perceive chest plumage asymmeltrics or because chest
asymmetry does not convey reliable quality-related
information. There are reasons for believing that both
effects may be important. Firstly, symmetry 1 dot
texture patterns may be relatively difficult to perceive
and assess in comparison with spottiness per se. 1t has
been shown that humans find these symmetries difficult
to detect (sce, for examples, Wagemans et al. 1992).
Also, the symmetry information used by the visual
system in this kind of symimetry detection falls in a very
narrow central strip, approximately 1° wide (Jenkins
1982), and the manipulations may have fallen outside
this focal area. Thus, birds may not pay attention to
the symmetry information because 1t is difficult o
detect, whereas spottiness per se 1s more easily assessed
and may reliably indicate condition.
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There appear two broad reasons why chest asym-
metry may not rclay reliable information about
quality. Firstly, it 15 possible that the chest plumage ol
the female starling, as a whole trait, docs not exhibit
‘true’ Fa o as it is made up of a large number ol
individual feathers. This sort of composite trait may
statistical propertics of Fa (a
distribution around a mean of zero) but may not be
under the same developmental processes as a single
bilateral trait {(cf. Evans & Hatchwell 1993). Thus, it
may be more relevant (o consider single chest-feather
whiteness and lengths, However, starlings do moult

show the normal

their chest plumage in bilateral leather tracts, so there
is some justification in viewing the chest as a bilateral
composite trait that exhibits Fa. Furthermore, asym-
melries in composite plumage traits, such as the ocellus
number of peacocks, have previously been shown to be
negatively related to degree of ornamentation, which
may influence mate choice decisions (¢.g. Manning &
Hartey 1991). Sccondly, and perhaps more import-
antly, the female chest plumage suflers continual
abrasion, particularly during the breeding season when
the bird is entering and leaving nesting sites. Females
start the breeding season with extremely spotty chests.
These spots are formed by white feather tps that are
slowly abraded, decrcasing overall chest spottiness.
This form of damage asymmetry may mask the “true’
FA of the females’ chests (cf. Cuthill e al. 1993)
throughout most of the year.

[mportantly, the ability to resist damage and
related  to individual quality.
Feathers, or arcas of feathers, without melanin abrade
more rapidly than darker feathers with a high melanin
content (Averill 1923; Bergman 1982; Burtt 1986).
Therelore, white feather tps may be dillicult to

abrasion may be

maintain as they are susceptible to damage and wear
{(cf. Bonser & Witter 1993). This damaged plumage
may-incur energetic thermoregulatory costs (see, for
example, Brush 1965). Thus, while the speckled chest
of the starling may be beneficial in terms of reduced
conspicuousness for predation (sce, [or example, Baker
& Parker 1979), costs of increased abrasion may act
against extensive development ol non-melanic plumage
arcas. Such costs may enforce the honesty ol'a plumage
signal based on chest spottness (cf. Johnstone & Norris
1993). T'hus, degree ol spottiness in the chest plumage
may represent a measure of an individual’s ability to
resist damage and abrasion. This may occur because
only those individuals that are best able to resist
abrasion can alford (o pay the cost ol developing highly
speckled  plumage, or degree of spottiness directly
reveals the amount of abrasion that has occurred.
Because asymmetry in spot patterns may be dillicult to
detect, assessment of overall chest spottiness may
represent a more straight-forward method of assessing
damage and abrasion avoidance than, say, examining
the extent of damage asymmetrics.

In summary, we have found that the chest plumage
ol [emale starlings influences the outcome of agonistic
interactions. Chest spottiness is known to be related to
one aspect of individual quality (timing and rate of
follicular development) and may also reliably reveal an
individual’s ability to resist plumage damage and
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abrasion. The present data further indicate that the
number of spots on the chest is positively related to
dominance status; spot asymmetry was not related to
dominance. Spot asymmetry may not influence domi-
nance measurcs because it is difficult to perceive or
because levels of chest Ta are masked by damage
asymmetrics. Thus, spottiness per se may represent a
more reliable indicator of individual quality. This
increased dominance status may convey fitness advan-
tages to the individuals with better chest plumage.
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