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For specialized herbivorous insects, shifts to novel host plants can have dramatic evolutionary consequences. If mating traits
diverge, assortative mating can develop between ancestral and novel host populations and facilitate speciation. Mating signals
may diverge under a variety of scenarios. Signal differences may be a consequence of divergence in correlated traits, such as body
size. If local communication environments differ, mating signals may also diverge through selection for enhanced transmission.
We tested these hypotheses using 2 closely related species in the Enchenopa binotata complex of treehoppers. Each member of this
complex specializes on a different host plant species. Their communication modality may make signal divergence likely after
a host shift: like many plant-dwelling insects, Enchenopa communicate using substrate-borne vibrations for which the plant itself is
the transmission channel. Each species’ mating signal is a relatively pure tone, and differences between species in signal
frequency are critical for mate recognition. Whereas no support was found for a correlated selection hypothesis, we found



larger species have lower frequency signals, although there is
considerable scatter around the best-fit line (Cocroft and De
Luca 2006). Body size can change as a result of host shifts
(Messina 2004), and if the larger of the 2 Enchenopa species
has a lower frequency, this would be consistent with the hy-
pothesis that the difference in frequency is a by-product of
a change in body size. In contrast, if the 2 species do not differ
in size or if the species with the lower frequency is smaller, this
hypothesis is rejected. Second, we test the hypothesis that
signal frequencies have diverged as a result of adaptation to
host plants with different signal transmission properties. For
the many plant-feeding insects that communicate with vibra-
tions, the stems and leaves of host plants represent the trans-
mission environment. Plant tissues act as frequency filters that
attenuate signals and limit the long-range transfer of informa-
tion (Bell 1980; Michelsen et al. 1982; Bradbury and Vehren-
camp 1998). If there is selection on males to use a signal
frequency that propagates with little loss through the substrate
and/or on females to favor frequencies that allow males to be
detected and assessed from a greater distance, then popula-
tions on hosts with different physical properties might be un-
der selection for use of different optimal signal frequencies.

The hypothesis that frequency differences are a consequence
of adaptation to host plants with different transmission prop-

erties makes 2 predictions. The first is that the hosts of species
with different signal frequencies must differ in their signal
transmission properties. Transmission properties can be repre-
sented by plotting attenuation as a function of frequency (see
below). These transmission curves are analogous to adaptive
landscapes (Simpson 1944), where a peak in the attenuation
curve represents a frequency range of optimal signal trans-
mission. Transmission curves are likely to differ between hosts
because of variation in physical structure and plant mechan-
ical properties (Michelsen et al. 1982; Read and Sanson 2003).
However, if transmission curves do not differ between the host
plants of 2 species with different signal frequencies, then the
hypothesis is rejected.

The second prediction is that, given differences in transmis-
sion properties of the host plants, male signal frequency should
match the peak of optimal transmission, thereby maximizing
long-range transmission and signal detection (Endler 1992;
Schluter and Price 1993). Studies of the green stink bug have
shown that the frequency of its vibrational signals matches
the transmission curves of some of its common host plants
(Miklas et al. 2001; Cokl et al. 2005), whereas a study of 2
lacewing species, one of which signals on conifers and the
other on herbaceous plants and grasses, found no match
(Henry and Wells 2004). However, no study has yet investigated
the role of sensory drive in signal divergence where it would be
most expected: closely related species, each restricted to a sin-
gle host plant. If there is a signal–environment match, then
signals should transmit better through the substrate where they
are typically used than through other substrates, such as plant
parts where the insects do not occur, or the substrate used by
closely related species. In contrast, if signals do not match the
optimum frequency more closely in the environment in which
they are used, then adaptation to different host plants cannot
explain the divergence in frequency.

MATERIALS AND METHODS

Study system

Members of the E. binotata species complex are a widely cited
example of sympatric speciation through shifts to novel host
plants (Wood and Guttman 1983; Wood 1993; Coyne and Orr
2004). These species occur sympatrically throughout much of
the eastern United States on host plants that are evolution-
arily diverse, being represented in several different plant
families (Rutaceae, Celastraceae, Fabaceae, Juglandaceae,
Adoxaceae, Thymelaeaceae, Rhamnaceae, and Magnolia-
ceae). Pair formation in E. binotata is mediated by their
plant-borne vibrational signals (Hunt 1994; Cocroft et al.
2008). Males use a ‘‘call-fly’’ strategy while searching for mates,
producing advertisement signals to which receptive females
respond. Female response then stimulates males into a local-
ized search. Results of the most recent phylogeny of the E.
binotata complex (Lin and Wood 2002) show that the 2 species
used in this study are closely related, but their precise relation-
ship is unresolved.

Body size measurements



Signaling sites

Before testing the hypothesis that the frequency difference be-
tween E. binotata Cercis and E. binotata Ptelea reflects adapta-
tion to different host plant transmission properties, it was
crucial to determine where on the host plant communication
takes place. Behavioral observations were made in 2003 and
2004 throughout the breeding seasons on host plants found
within a 20-km2 area in Boone County, MO, in local commu-
nity parks and natural recreation areas. To identify specific
plant stems and branches used for transmitting signals, we
clipped onto host plant stems a Signal Flex SF30 Universal
Tuner Pickup and monitored signaling behavior using a bat-
tery-powered Johnson JA-004 Mini-amp/speaker. For some
stems and branches, communication was inferred if multiple
individuals were observed on the stem 3 or more times
throughout the breeding season. The rationale for this infer-
ence is that adult treehoppers spend most of their time feed-
ing, and there is no spatial separation between feeding and
signaling sites (Shugart 2004). Consequently, if males and
females are present on a stem during the mating season, sig-
naling is almost certainly occurring on that stem.

Frequency attenuation curves of the host plants

We tested the predictions of the signal transmission hypothesis
by comparing plant transmission properties between host
plant species. Each E. binotata species was found almost exclu-
sively on the stems and leaf petioles of its host plant, although
the species differed with respect to the plant part most fre-



support for the hypothesis that size differences are responsi-
ble for the difference in frequency in these 2 species.

Signaling sites

Both species preferred the distal portions of branches, as do
other membracids (Price and Carr 2000), instead of basal
positions nearer the trunk. Within these distal branch por-



transmission, where available (e.g., Bennet-Clark 1987; Heindl
and Winkler 2003; Elias et al. 2004), males will be constrained
in their choice of signaling sites by the distribution of females.
Females, in turn, are likely to be under fecundity selection,

maximizing access to nutritional resources (Roff 1992) rather
than to male signals. Accordingly, given that 1) we have found
no evidence for immediate changes in signal frequency
after a host shift (Sattman and Cocroft 2003); 2) within the

Figure 3
Transmission function curves (attenuation per distance 6 standard error) showing differential filtering in stems and petioles of Cercis canadensis
and Ptelea trifoliata (n = 20 stems, 1 from each of 20 plants). Transmission curves are relative to the frequency transmitting with the least
attenuation (0 dB) in that module. Histograms above each curve represent the distribution of male signal frequency. The boxed curve for each
species represents the transmission properties of the plant module predominantly used for communication.

Figure 4
Signals of each species transmit best in the host plant part typically used for communication. Relative attenuation (decibels 6 SD) of the mating
signals of Enchenopa binotata ‘Cercis’ (n = 20 males) and E. binotata ‘Ptelea’ (n = 20 males). For each species, the average attenuation for 3 plant
parts is given. Filled circles represent signal attenuation on the native host plant, in the plant part commonly used (e.g., woody stems for
E. binotata Cercis) and the plant part rarely used (e.g., leaf petioles for E. binotata Cercis). Open circles represent signal attenuation on the
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