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Examples of distinct morphological classes within
the males of a species include numerous insects (scarabaeid beetles, figwasps, and others [Eberhard, 1979;
Hamilton, 1979]), birds (ruffs [Hogan-Warburg, 1966]),
fish (bluegill sunfish [Gross and Charnov, 19801 and
Pacific salmon [Gross, 19851); and mammals (red deer
[Darling, 19371). Such polymorphisms in the elaboration of horns, antlers, exaggerated mandibles, and
fighting ability are related to mating competition and
may evolve through disruptive selection acting on the
trade-off between the mating advantage of sexually selected traits versus the survivorship cost of bearing
them (Gadgil, 1972).
Polymorphisms also occur in females but usually
only in populations in which males are also polymorphic, e.g., the light and dark morphs of the peppered
moth (Kettlewell, 1958), the lesser snow goose (Cooke
and Findley, 1982), and the arctic skua (O'Donald and
Davis, 1959) and also wing-length polymorphisms in
homopteran leafhoppers (Denno, 1979), and water
striders (Vepsalainen, 1978); and the mimetic complexes observed in Heliconius (Turner, 1965). Such
shared polymorphisms are usually related to predator
avoidance or to life-history organization.
Because the potential for increasing reproductive
success through enhanced mating effort is much less
for females than for males in most mating systems,
dichotomization of female mating types into distinct
morphs is comparatively less likely to arise. An exceptional example in which females alone are polymorphic involves the mimetic complexes in Papilio
butterflies (Clarke and Sheppard, 1963). Other examples of female polymorphism are the two color morphs
in damselflies of the genus Zschnura (Robertson, 1985)

and in the mayfly Dolania americana (Peters and Peters, 1977). The damselfly females show a cryptic morph
and a brighter one that may function as a male mimic
(Robertson, 1985). The mayfly females have either light
or dark abdomens, but because they are active only in
the pre-dawn (Peters and Peters, 1977), it is difficult
to ascribe a mating or predator avoidance function to
the color patterns.
Here we report a striking case of female dimorphism
in a male monomorphic species. In the treehopper Microcentrus perditus (Insecta: Homoptera: Membracidae [Deitz, 19751) females may possess either greatly
enlarged, or very small, pronotal "horns," while males
possess only small horns. We describe these morphologies and examine possible causes of both the dimorphism and its sex-limited expression.
Insects of this small genus are solitary, sedentary,
and highly cryptic. They are widespread in eastern North
America (Kopp and Yonke, 1973), feeding on the sap
of oak (Van Duzee, 19 17; Kopp and Yonke, 1973; pers.
observ.) and possibly hickory (Quisenbeny et al., 1978).
Adults feed and mate on exposed twigs, and after ovipositing in such twigs, females may guard the eggs until
they hatch (Loye, unpubl.). Observations reported here
are from central Oklahoma in 1983 and 1985.
As in other membracids, the pronotum of this species
is enlarged dorsally and covers portions of the head
and abdomen as well as the thorax. Rising forward
from the thorax, the pronotum expands into a pair of
projections that are either laterally bent and sharp
(males) or more upright and rounded (females). Females may be classified as either "long-horned" or
"short-homed," whereas males fall into a single distinct class (Fig. 1). The lack of overlap between the

NOTES AND COMMENTS

HORN TYPE
FIG. 1. Horn lengths for long-horned females (LH),
short-homed females (SH), and males of treehopper
Microcentrusperditus. Vertical lines indicate the range,
large cross lines indicate the mean, and pairs of small
cross lines show i 1 SD. Mean f SD for LH: 2.14 i
0.13 mm, SH: 1.30 i 0.13 mm, males: 1.31 i 0.16
mm. There is no overlap in horn lengths between LH
and the other classes; LH values are significantly greater than SH (2 = 4.75, P < 0.0001, one-tailed MannWhitney U-test).
female horn types strongly implies that these are distinct morphs rather than extremes of a continuous distribution. Female body length is quite uniform (8-9
mm) and does not differ between the two types. We
have observed males mating with or courting females
of each morph.
The bizarre pronotal elaborations of treehoppers have
traditionally been explained in terms of crypsis, but
they may also serve a sensory function (Wood and
Morris, 1974; Wood, 1975). Crypsis seems an obvious
function in M. perditus, since the adult color and form
resemble that of oak twigs so strongly as to make visual
detection exceedingly difficult. But what factors have
led to pronotal dimorphism in females and not in males?
In temperate North America, birds are undoubtedly
the most important treehopper predators (pers. observ.), and the sharply pointed, laterally directed horns
of male M. perditus should reduce their chances of
being swallowed (as has been shown for lizard predation on a tropical treehopper [Wood, 19771). Stickytrap collections indicate that male M. perditus disperse
aerially up to 10 times more frequently than do females
(assuming an initial 1:1 adult sex ratio, Loye, ~mpubl.),
and the sharp male horns may be particularly effective
against aerial insectivores that cannot readily employ
a solid substrate for dismantling the prey, as can gleaning birds. Thus, there may be strong selection on males
for conformation to a mechanically protective horn
morphology.
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Maternal egg-tending, in addition to the more sedentary female habit, may increase the intensity of selection favoring cryptic females, and ultimately explain
the existence of female dimorphism in this insect. When
guarding their progeny from parasitoid wasps or predatory mites, egg-tending females doggedly maintain their
position on the twig even if molested (Loye, pers. observ.; Brown, 1976). In contrast, males deftly slip beneath the twig and may fly off if further disturbed.
Maternal behavior thus exposes females to greater potential danger from gleaning insectivores and crypsis
may be their only defense. The female horn dimorphism is remarkable in that long-horned females
strongly resemble the dead, woody spurs that are numerous along oak twigs during the treehopper's late
summer and autumn reproductive period, while the
short-homed females resemble the oak leaf buds present in the spring when overwintering adults resume
feeding, and when gleaning insectivores return. The
cryptic advantage afforded by the short-homed morph
in the spring may thus be reduced relative to the longhomed morph as the season progresses.
The exact selective regime responsible for the origin
and maintenance of this polymorphism is not yet identified. The polymorphism may have resulted from disruptive selection if females of intermediate horn size
were less cryptic, as suggested above (sensu Clarke and
Sheppard, 1960), coupled with temporal variation in
selection due to seasonal differences between the morphs
in cryptic advantage. Any frequency-dependence in the
search images of predators (Clarke, 1962) would further contribute to the stability of the female dimorphism.
The fact that the mean horn size of males is identical
to that of short-homed females lends credence to the
hypothesis of disruptive selection, in that the shorthomed condition may be one of the peaks of cryptic
advantage. At this point we do not know enough about
the genetics of pronotal size in treehoppers to evaluate
which models are most likely to apply. However, in
the case of M. perditus, the contrast between a mechanical constraint on male pronotal morphology and
variation in the background environment of females
constrained to cryptic defense may account for this
unusual case of female dimorphism in a male monomorphic species.
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