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Patterns of fluctuating asymmetry in beetle
horns: no evidence for reliable signaling
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Negative relations between trait size and levels of fluctuating asymmetry in secondary sexual traits have been claimed to be
indicative of honest signaling of male quality. Comparative studies of beetle horns have been used to illustrate the required
negative relation between trait size and asymmetry. However, such studies may be confounded by measurement error or sampling
bias due to population differences or differences within species in the phenotypic expression of hornedness. We examined the
patterns of fluctuating asymmetry within two species of horned beetle. We found that, in agreement with theory, horns exhibit
greater asymmetry than naturally selected traits. However, we found a strong positive relation between horn size and asymmetry
in Onthophagus taurus, a species with male dimorphisms, and a flat relation in Bubas bison, a species with continuous variaton
in horn size. We suggest that these differences may reflect functional differences in horns. We conclude that patterns of
asymmetry in horned beetles do not support the notion of honest signaling. Ksy words: beetle horns, Bubas bison, fluctuating
asymmetry, honest signaling, Onthophagus taurus, sexual selection. [Behav Ecol 9:465—470 (1998)]

orphological traits differ in the degree to which they are
developmentally canalized during development, ac-
cording to their functional importance (Mgller, 1993a; Mgller
and Pomiankowski, 1993; Palmer and Strobeck, 1986). Traits
that have high functional importance are typically highly can-
alized and developmentally stable and thus demonstrate low
levels of fluctuating asymmetry (FA). Traits that have less func-
tional importance are frequently less stable and have higher
levels of FA. This has been highlighted by an apparent di-
chotomy between secondary sexual and nonsexual morpho-
logical traits. Various studies have demonstrated that the de-
gree of FA in male sexual ornaments and/or weapons gen-
erally exceeds that in other nonsexual morphological traits
such as legs or wings (Meller, 1992; Mgller and Eriksson, 1994;
Mgller and Hoglund, 1991; but see Balmford et al., 1993).
Similarly, sexual traits in males generally possess higher levels
of FA than homologous, and presumably nonsexual, traits in
females (Manning and Chamberlain, 1993; Mgller and Hog-
lund, 1991).

Mpgller (1993a) argued that the relationship between trait
size and FA may be a potendal indicator of individual quality.
Individuals of low phenotypic and/or genetic quality are pro-
posed to invest relatively more in the production of small
traits, with the cost of high investment manifest as high levels
of FA. In contrast, individuals of superior quality are proposed
to invest relatively less and to be able to produce larger yet
more symmetrical traits. Mpller (1990, 1992, 1998a,b) and
Mgller and Hoglund (1991) thus propose that negative rela-
tions between trait size and asymmetry serve as honest signals
of male quality. Negative relations between FA and trait size
have been demonstrated for some taxa ( ing and Cham-
berlain, 1993; Manning and Hartley, 1991; Mgller, 1990,
1998b; Mgller and Eriksson, 1994, 1995) but not others (Allen
and Simmons, 1996; Evans et al., 1995; Mateos and Carranza,
1996; Mgller et al., 1996; Tomkins and Simmons, 1995).

In his comparative study of the patterns of FA in the horns
and clytra of eight species of hormed beetles, Mgller (1992)
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demonstrated that the degree of FA in horns was considerably
larger than in elytra. In addition, he found that, on average,
the relation between absolute FA and trait size was negative
for horns and flat or Ushaped for elytra. From this Mgller
(1992) concluded that the patterns of FA in the horns of bee-
tles may honestly signal male competitive ability. There are
several problems with this study and with many of the studies
of FA cited above. Rarely do these studies adequately account
for measurement error which has statistical properties iden-
tical to FA, and often, particularly with comparative studies,
they may be confounded by sampling bias; since both the level
of FA and the size of the trait are often environmentally de-
termined, a negative relation between FA and trait size might
be expected as a confounding result of heterogeneous sam-
pling (Simmons et al., 1995; Swaddle et al., 1994). One par-
ticular problem with Mgller’s (1992) study of beetle horns is
that, within species males are often dimorphic for the expres-
sion of horns (Eberhard and Guderrez, 1991; Otte and Stay-
man, 1979); only males of high phenotypic quality produce
horns (Emlen, 1994; Hunt and Simmons, 1997) so that pool-
ing data on FA across morphs may represent a form of sam-
pling error (Tomkins and Simmons, 1996). This may be par-
ticularly rue because, in beetles, horned males can represent
a cohort of superior phenotypic quality (e.g., Brown and Bar-
talon, 1986; Cook, 1990; Emlen, 1994; Hunt and Simmons,
1997; Goldsmith, 1987), so that large horns and symmetrical
horns may represent dichotomous, rather than continuous,
conditions. Beetle horns are subject to strong sexual selection;
horned males outcompete their hornless conspecifics (Emlen,
1997; SivajJothy, 1987) and, among horned males, those with
longer horns are superior competitors (Conner, 1989; Emlen,
1997). To test Mpller's (1992) findings regarding the levels
and patterns of FA in horned beedes, we examined the rela-
tions between FA and trait size in the sexual and nonsexual
traits within populations of both Onthophagus taurus and Bu-
bas bison (Coleoptera: Scarabacidae).

METHODS

We collected taurus from Narikup (34°45’ S,
117°41’ E), approximately 370 km south of Perth, Western
Australia, and Bubas bison from Kojonup (38°51’ S, 117°01’
E), approximately 260 km south of Perth. Animals were col
lected by overturning fresh dung pads and extracting bectles






