Patterns of fluctuating asymmetry in earwig forceps:
no evidence for reliable signalling
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SUMMARY

Fluctuating asymmetry theory can be useful in predicting the mode of selection acting on morphological
traits, in particular the patterns that emerge when fluctuating asymmetry is regressed against trait length.
Flat, U-shaped and positive slopes that are associated with high levels of fluctuating asymmetry are
thought to be indicative of traits under sexual selection as arbitrary traits, whereas negative slopes, again
with high fluctuating asymmetries, are thought to arise in traits whose expression is dependent on
condition. By measuring asymmetries in the forceps and elytra of 30 earwig (Dermaptera, Forficulina)
genera, we find that, although fluctuating asymmetry values are not greater in the forceps than the elytra
as predicted, across species fluctuating asymmetry does increase with increasing forceps exaggeration as
expected for sexually selected traits. The overall relation between forceps length and fluctuating
asymmetry is flat, suggesting that in general forceps are not condition-dependent traits.

1. INTRODUCTION

The potential for fluctuating asymmetry (FA) to play a
role in sexual selection has recently been recognized
(Mopller & Pomiankowski 1993 a; Watson & Thornhill
1994). The random deviations from bilateral symmetry
that characterize FA results from genetic and en-
vironmental stresses on the homeostatic mechanisms
that govern the development of an organism (Parsons
1990, 1992). Interspecific studies have revealed associ-
ations between the degree of FA and male dominance
status (Liggett et al. 1993; Malyon & Healy 1994;
Witter & Swaddle 1994), body condition (Radesdter
& Halldérsdéttir 1993 a; Solberg & Saether 1994) and
female mating preferences (Moller 19924, 19934;
Thornhill 1992; Radesiter & Halldésdottir 1993 a;
Swaddle & Cuthill 1994). The assessment of FA may,
therefore, provide information about the quality of
potential adversaries and mates (Meller 1990,
19924, b; Moller & Pomiankowski 1993a).

Under the ‘good genes’ models of sexual selection,
secondary sexual traits are believed to be reliable
indicators of male genetic quality (Zahavi 1975;
Kirkpatrick & Ryan 1991). Females benefit indirectly
from mate choice by producing offspring with
superior genotypes. In contrast, under the arbitrary
traits models of sexual selection, secondary sexual traits
and mating preferences are believed to have coevolved
through runaway selection; females that prefer males
with exaggerated traits produce daughters that prefer
males with exaggerated traits and sons that have
increased mating success because of the preference in
females (Fisher 1958; Kirkpatrick & Ryan 1991).

Directional selection, either through female choice
(Meller 1993a; Moller & Pomiankowski 1993 a) or an
evolutionary arms race of weaponry (Mgller 19924), is
expected to relax developmental control and favour
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genes for the exaggeration of secondary sexual traits,
thereby predisposing them to higher degrees of Fa than
other morphological traits that are subject to
stabilizing selection (Meller & Pomiankowski 19934).
Moller & Hoglund (1991) report just such a relation in
avian feather ornaments; sexually selected traits show
greater FA than either morphological traits, or hom-
ologous non-exaggerated traits in conspecific females
and confamilial males. Similarly, beetle horns show
greater FA than elytra and bird spurs greater FA than
wings (Meller 199256). In contrast, a study of the tails
of 50 families of long-tailed birds found that Fa in tail
length was no greater in the longer-tailed sex (Balmford
et al. 1993).

Moller (19934, b) suggests that the patterns of
fluctuating asymmetry with respect to trait size may be
good predictors of the types of selective forces acting on
morphological traits. First, in several taxa (Soulé &
Couzin-Roudy 1982; Thornhill 1992; Moller &
Pomiankowski 1993a), ordinary morphological traits
show flat or U-shaped curves with individuals at the
tails of the distribution showing greater asymmetries.
Second, the expression of traits that are under fisherian
selection are not expected to be condition dependent.
While Fa might be high because of past directional
selection for exaggeration, the flat or U-shaped relation
should be maintained because, at equilibrium, run-
away selection is expected to be stabilized by natural
selection against increased trait size (Fisher 1958;
Kirkpatrick & Ryan 1991; Moller & Pomiankowski
19934, b). A positive relation between Fa and trait size
might also be expected for traits currently subject to
runaway  directional  selection (Moller &
Pomiankowski 19934, b). Finally, where there is selec-
tion for genetic quality the expression of a secondary
sexual trait should become condition dependent;
symmetry as well as size may become the target of
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Apachyus feae
[ Nala lavidipes
Forcipula gariazzi
Labidura riparia
Nesogaster amoenas
Parasparatta guyanensis
Marava arachidis
Spongovostox assiniensis
Spongiphora crociepennis
Chaetospania feae
Chelisochella superba
Adiathetus tenebrator
Chelisoches morio
Eunkrates variegatum
Proreus ludekingi
Timomenus aeris
Cordax forcipatus
Cosmiella rebus
Diaperasticus erythrocephal
Anechura bipunctata
Chellidurella acanthopygia
Oreasiobia stoliczkae
Allodahlia scabruiscula
Doru taeniatum
Eluanon bipartitus
Forficula auricularia

Tl

Figure 1. The taxonomic relations of the forficulid genera
used in this study (after Sakii 1982).

selection (Meller 19924, 19934, ). The secondary
sexual trait becomes a reliable signal of male quality
because only individuals of high quality will be able to
produce large traits while maintaining symmetry.
Good genes selection should be characterized therefore,
by a negative relation between symmetry and trait size
(Moller 19934, b; Moller & Pomiankowski 19934, 4).
Negative associations between FA and trait size have
been found in the secondary sexual traits of a variety of
taxa (Moller 1990; Manning & Hartley 1991; Moller
& Hoglund 1991; Manning & Chamberlain 1993).
However, across species of long-tailed birds the relation
between Fa and tail length was flat (Balmford et al.
1993), questioning the generality of the role of FA in
sexual selection.

The Dermaptera are characterized by the fusion of
the tenth abdominal tergum and sternum to form
a single pair of unsegmented cerci or forceps (Giles
1963; Popham 1965). The forceps are highly variable
across species and in many are sexually dimorphic
(Giles 1963; Richards & Davies 1977). Forceps are
used both in intrasexual competition between males
(Knabke & Grigarick 1971; Eberhard & Gutierrez
1991; Moore & Wilson 1993; Radesiter & Hall-
dérsdéttir 19936; Bricefio & Eberhard 1994) and in
courtship (Moore & Wilson 1993; Bricefio & Eberhard
1994), supporting the idea that sexual dimorphism has
arisen through sexual selection (Moore & Wilson
1993). Radesdter & Halldérsdéttir (19934a) found ra
to be negatively correlated with forceps length in male
European earwigs Forficula auricularia, but not in their
elytra or the forceps or elytra of the females, supporting
the notion that forceps are reliable indicators of male
quality. Here we examine patterns of Fa in the forceps
and elytra of 30 genera of earwig and interpret the
results in the light of current theories of sexual selection
and FA.

2. METHODS

We measured male specimens of the Dermapteran sub-
order Forficulina from collections at the British Museum of
Natural History and the Manchester Museum. To reduce the
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Asymmetry in earwig forceps

problems of non-independence of data, we measured only
one species from each of 30 different genera. Genera were
selected that appeared to have bilaterally symmetrical forceps
(some genera show directional asymmetry). Further, we
selected species that had approximately 20 intact males.
Individuals from the same geographical area were selected
and, where possible, from the same collecting trip. Several
species showed male dimorphism; the brachylabic (minor)
morphs are used in this analysis, except Spongovostox assiniensis
in which the brachylabic morph showed significant
directional asymmetry.

Measurements of left and right forceps were taken from the
point of articulation with the ultimate tergite to the tips. Left
and right elytra lengths were measured from the posterior
edge of the pronotum, to the furthest point of the curve where
the two elytra separate. Pronotum width was measured as an
index of body size. Measurements were made under binocular
microscopes with eyepiece graticules. Each specimen was
measured twice, once by each of us, under the same
microscope. Specimens which showed signs of damage to the
pronotum or forceps were not measured. Elytra were
sometimes damaged by pinning, in which case they were not
measured, reducing the within species sample size for elytra.

Asymmetry was calculated as the measurement of the left
side of the trait minus that of the right. The repeatability and
its standard error for our signed measures of asymmetry in
elytra and forceps, and for our actual measures of pronotum
width were calculated for each species (Becker 1984).
Repeatability ranged from 0.99 to 0.64 for pronotum width
(cross species meanzs.e. 0.934+0.017), 0.97 to 0.28 for
forceps asymmetry (0.80+40.034), and 0.82 to 0.11 for elytra
asymmetry (0.4940.05). In general, repeated measures
aNova (Palmer & Strobeck 1986) confirmed significantly
greater variance between individual earwigs than between
our repeated measures (F ratios ranged from 4.48-387.9, p <
0.001, for pronotum width, 3.16-98.21, p < 0.01, for forceps
FA, and 2.17-9.91, p < 0.05, for elytra ra). However, one
analysis of forceps Fa and three analyses of elytra Fa were not
significant. In general, the greater the number of repeated
measures of FA, the greater the accuracy (Swaddle et al.
1994). We therefore calculated mean values of pronotum
width, forcep Fa and elytra Fa from our repeated measures
and used these in subsequent analyses.

We accepted as showing fluctuating asymmetry those
forceps or elytra in which the actual (signed) asymmetries
were normally distributed (Kolmogorov—Smirnov) about a
mean of zero (one-sample Student’s £) (Palmer & Stobeck
1986), or if they did differ from normality, only did so
through leptokurtosis and not skewness or platykurtosis. We
assume that leptokurtosis in the adult population may arise
through selection acting against asymmetrical individuals
during the course of development (Naugler & Leech 1994;
Ueno 1994). However, skewness or platykurtosis is likely to
reflect a developmental bias leading to directional asymmetry
or anti-symmetry, respectively (Palmer & Strobeck 1986).
The absolute value of fluctuating asymmetry was used for
inter- and intraspecific comparisons. Further, we controlled
for variation in trait size by calculating relative asymmetry,
as the absolute asymmetry of the trait, divided by the mean
length of the left and right traits (Palmer & Stobeck 1986).
The allometric relation across species between log-trans-
formed mean rA and log-transformed mean trait length
demonstrated isometry (H,f =1: forceps, 1.06540.147,
t=0.44, d.f. 24, ns.; elytra, 2.083 £0.640, ¢ = 1.69, d.f. 13,
n.s.) so that relative asymmetry thus calculated was a
suitable control for trait size. Finally, we examined the
distributions of pronotum widths to ensure that there was no
sampling bias toward large or small phenotypes (Swaddle et
al. 1994).



