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Insects are the dominant herbivores in tropical forests, with a range of mechanisms for exploiting plant

resources. For group-living species, such mechanisms may involve communication. The Neotropical

treehopper Calloconophora pinguis (Hemiptera: Membracidae) is a sap-feeding species in which groups of

siblings feed on new leaves during the brief period of leaf expansion. Using an experimental approach,

a process of cooperative foraging among siblings was documented, in which a few individuals in a group

behave as scouts, locating a new feeding site and advertising it using plant-borne vibrational signals.

Signalling leads to a period of positive feedback in which newly recruited individuals signal in concert with

those already there. The food signalling system of C. pinguis is unique in its use of synchronized group

displays and in the tight coordination of receiver responses with collective signals. Examples from a number

of taxonomic groups show that vibrational communication can allow group-living insects to solve the

challenges of feeding on plants, such as remaining in a foraging group or avoiding predation. While most

research has focused on leaf-feeding species, sap-feeding species may remove just as much biomass. This

study shows that cooperative vibrational communication underlies the ability of a sap-feeding species to

exploit plant resources during a narrow window of availability.
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1. INTRODUCTION
Insects are the dominant herbivores in tropical forests, and

have evolved diverse mechanisms to exploit the changing

array of resources created by the dynamics of plant

growth, maturation and defence (Coley & Barone 1996).

In group-living species, such mechanisms often involve

communication. In highly social insects, for example, the

efficient allocation of a colony’s foraging effort among

potential plant resources arises from an ongoing exchange

of communication signals among workers (Seeley 1995;

Hölldobler & Roces 2000; Wirth et al. 2003). Analogous

communication systems have evolved in other plant-

feeding insects that live in groups for at least part of

their life cycle (Hograefe 1984; Fitzgerald 1995; Costa &

Pierce 1997; Costa & Louque 2001; Fitzgerald &

Pescador-Rubio 2002; Costa et al. 2004). Although most

research on insect herbivory has focused on leaf-chewing

species (Coley & Barone 1996), sap-feeding insects may

remove an equivalent amount of biomass (Leigh 1999).

Furthermore, many fluid-feeding insects feed in groups

(e.g. Eickwort 1981; Wood 1984; Stern & Foster 1997),

indicating the potential for the kind of recruitment

systems seen in leaf- or pollen-feeding species.

The Neotropical treehopper Calloconophora pinguis

(Hemiptera: Membracidae) is a sap-feeding insect in

which individuals develop to adulthood in sibling groups,

and then disperse after reaching adulthood. Groups of

immatures feed at the base of young expanding leaves,

which provide a high-quality nutritional resource (Coley &

Barone 1996; Price & Carr 2000). Because the host plants
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of C. pinguis are light gap specialists in which leaf

expansion occurs rapidly, the location of high-quality

feeding sites changes during the insects’ one-month

development to adulthood. Groups are thus faced with

the challenge of exploiting the irregular, ephemeral

resource provided by a series of expanding leaves—a

challenge that is expected to lead to the evolution of

efficient means of discovering new resources (Coley &

Barone 1996).

Treehoppers communicate by means of vibrational

signals transmitted along the stems and leaves of their host

plants (Cocroft & Rodrı́guez 2005). Vibrational com-

munication occurs on a local scale, of the order of 1–2 m

within a single plant (Cokl & Virant-Doberlet 2003). This

form of communication is widespread in insect social and

ecological interactions, where vibrational signals are far

more prevalent than airborne sounds or other forms of

mechanical signalling (Cocroft & Rodrı́guez 2005). Here I

show that immature C. pinguis produce vibrational signals

during the process of group movement. I then evaluate the

hypothesis that signals function to recruit siblings to newly

discovered feeding sites, by experimentally testing predic-

tions about the context in which signals are produced, and

the effect of signals on the behaviour of individuals

searching for a feeding site.
2. MATERIAL AND METHODS
(a) Background natural history

The study was conducted in Parque Nacional Soberanı́a near

Gamboa, Panamá, from June 1998 to February 1999 and in

January 2000. At that site, C. pinguis feeds on three species in

the genus Piper (Piperaceae: Piper auratum, Piper marginatum

and Piper reticulatum), and two hosts identified only to family

(Bignoniaceae, Araliaceae). The three Piper species are light
q 2005 The Royal Society
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gap specialists (Grieg 1993; Dyer et al. 1999; Thies & Kalko

2004), and C. pinguis were found on plants in forest gaps or

growing along the edges of roads or streams. Within their host

plants, C. pinguis feed on stems and petioles just proximal to

actively growing apical meristem.

Calloconophora pinguis spend much of their lives in groups.

Females deposit and guard a single clutch of eggs on a host

plant stem, then remain with the developing offspring.

Immatures (or nymphs) form a tight, stationary aggregation

throughout their approximately one-month development

from hatching to adult eclosion. Aggregations may contain

up to 80 nymphs (xGs.d.Z38.0G22.1, nZ24). Pre-repro-

ductive adults remain aggregated for an additional 1–2 weeks

before dispersing. Parent females face the aggregation from

less than 5 cm away, on the proximal side of the aggregation

with respect to the plant stem. However, adult females did not

reliably remain with their offspring under laboratory

conditions and were not included in the study. Aggregations

remain together in the absence of the female, and groups of

nymphs without an attending female are encountered in the

field (4 out of 28 aggregations in this study).

Family groups move one or more times within their host

plant. The initial move occurs after egg hatch: eggs are

deposited on mature stems, and newly hatched offspring must

move to an appropriate feeding site on new growth. Nymphs

in 12 aggregations for which the egg scar was still visible had

moved 5–175 cm away from the site where they hatched.

Aggregations often move one or more additional times; for

five aggregations for which the history of movements was

known, each group changed feeding locations at least once,

moving 10–175 cm between sites. In four of these cases, the

group moved to the petiole of a younger leaf than the one on

which it had been feeding; in the other case, both feeding sites

were on similar stages of new growth. Laboratory observation

of four family groups on a site in which the quality was

declining revealed that the group did not move as a unit.

Instead, one or a few individuals left the group and explored

other parts of the plant.

(b) Context-dependence of signalling

Preliminary observations suggested the hypothesis that

nymphs signalled to advertise newly encountered feeding

sites. This hypothesis predicts that searching individuals will

signal more when they encounter stems with young, expand-

ing leaves than when they encounter stems with mature

leaves. I tested this prediction by inducing search behaviour,

and placing individuals on host plant stems with and without

suitable feeding sites.

I obtained stems of P. marginatum from plants growing at

the forest edge. Stems 15–25 cm in length were placed in a

florist’s water tube, brought into the laboratory and used

within 2–4 min. The response variable was the number of

signals produced in the 5 min after a nymph was introduced

onto the base of a stem. An experimental unit consisted of two

nearby stems from the same plant (one with an expanding

leaf, one without), plus two nymphs matched for stadium and

family. Aggregations from which nymphs were drawn were

collected in the field 1–2 days previously, and maintained in

the laboratory on cut stems placed in water tubes. Aggrega-

tions consisted of nymphs of the same age, alone or attended

by one female, and were assumed to represent one clutch of

siblings. Removing a nymph from the aggregation and placing

it in a plastic container 15 min prior to testing induced

searching behaviour.
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Vibrational signals were detected with a Knowles

BU-1771 accelerometer, attached with wax to the base of

the stem, and amplified using a custom-built operational

amplifier. The nymphs’ behaviour was filmed using a Canon

ES 2000 Hi-8 video camera, with signals recorded on the

video camera’s audio track and on a Marantz PMD 430

cassette recorder. The temperature range for this and the

following experiments was 27G1.5 8C.

For statistical purposes, individual nymphs are nested

within aggregations. To incorporate aggregation identity into

the analysis for this experiment, a two-tailed binomial test was

used for each aggregation to calculate the probability of

obtaining results as extreme as or more extreme than those

observed. An overall p-value across aggregations was then

calculated using Fisher’s method of combining probabilities

(Sokal & Rohlf 1995). Statistical analyses were conducted

with SPSS v.10 (SAS Institute, Inc., Cary, NC, USA) unless

otherwise noted.

(c) Response to signals: searching behaviour

A second prediction of the hypothesis that nymphs advertise

feeding sites is that signals should influence the behaviour of

searching individuals. I tested this prediction using

vibrational playback of the signals produced at a feeding

site. In the first of two experiments, searching nymphs were

placed individually on a broad leaf of a potted P. auratum host

plant and played a series of recorded signals from an

individual in a different aggregation. Noise bursts of the

same amplitude, duration and timing were used as a control.

This playback addressed two questions about the influ-

ence of signals on search behaviour. First, do natural

signals elicit more searching than noise control? The search

behaviour of C. pinguis nymphs is intermittent (e.g. Kramer &

McLaughlin 2001), consisting of short periods of walking

separated by motionless pauses, and the response variable

was the number of walking bouts initiated during each

stimulus type. The effect of stimulus type on the number of

search movements was evaluated using a repeated-measure

ANOVA. Second, do nymphs coordinate the timing of

walking bouts with that of the playback stimuli? This

potential coordination was tested by varying the inter-signal

interval during playbacks (as is typical of natural signalling

behaviour; see §3). Each playback stimulus was constructed

using a recorded signal and four different inter-signal intervals

(3, 5, 7 and 9 s) in an unpredictable series chosen using a

random numbers table. A series of 12 intervals was generated

(e.g. 5 3 3 9 7 5 7 3 5 7 3 7), and this was repeated during the

playback. A separate playback stimulus was constructed for

each nymph, using a different signal (drawn from recordings

of nymphs in the previous experiment) and series of intervals.

The nymph’s behaviour was filmed with the camcorder

while recording the playback signal via an accelerometer

attached to the base of the leaf. The video signals were then

digitized and the timing of each bout of walking was

measured to the nearest full frame (1/30 s) using FINAL CUT

PRO v.1.2.5 (Apple Computer, Inc., Cupertino, CA, USA) on

a Macintosh G4 computer. The timing of the playback signals

was measured from the audio track.

Stimuli were played from the stem just below the base of the

leaf, using an electromagnet held approximately 3 mm away

from a small magnet glued to the stem (e.g. Michelsen et al.

1982). Signals were played from a Macintosh PowerBook

2400 laptop computer with a Pioneer A-305 amplifier.

Filtering properties of the plant stem were estimated by
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playing a broadband noise stimulus through the magnet and

recording it with an accelerometer approximately 5 cm away

on the leaf. The filter characteristics of the stem were then used

to create a compensating digital filter using MATLAB v.5.0

(Mathworks, Inc., Natick, MA, USA), so that the frequency

spectrum of the stimulus matched that of the original

recording to within G1.5 dB (see Cocroft 1996; Cocroft &

Rodrı́guez 2005). Signal amplitude was adjusted to that of a

signalling nymph by setting the amplitude of each signal to be

equal to that of the original recording.

A randomization test (Manly 1991) was conducted in

MATLAB v.5.2.1 to evaluate the relationship between the

timing of an individual’s bouts of walking and that of the

playback signals. First, a cross-correlation score was obtained

between a vector representing the start times of the first 20

playback signals (time increment: 0.25 s), and a vector

representing the start times of the walking bouts that occurred

during the same period. This score was compared with a

distribution of scores obtained by randomizing the order of

the intervals between walking bouts and cross-correlating the

new vector with the playback signal vector (1000 iterations).

An overall p-value was obtained by using Fisher’s method of

combining p-values first within an aggregation, then across all

aggregations (Sokal & Rohlf 1995).

(d) Response to signals: orientation

If vibrational signals function in recruitment to a feeding site,

then responding individuals should not only alter their

searching behaviour, but also approach the source of the

signals. This prediction was tested using a Y-maze. Woody

stems of P. reticulatum with a symmetrical Y-shaped branch

were cut and brought into the laboratory with the stem base in

a water tube. The stems contained no appropriate feeding

sites, and all leaf material was removed except for the leaf base

at the tip of each side. Eight different stems were used for 1–2

days each. The stem bases below the Y were 15–20 cm long,

as were the side branches, for a total path length from stem

base to playback magnet of 30–40 cm. Stems were positioned

vertically using a clamp just above the point where the stem

base entered the water tube.

To test for orientation to the playback signals, each nymph

was placed at the base of the stem, then played a series of

vibrational signals from a sibling at a rate of one every 5 s for

5 min. Each individual was tested first with no signals. It was

then tested with the signal played from one side of the Y, and

again with the signal played from the opposite side, with the

side order of the playbacks alternated between nymphs.

There was a 20 min interval between successive treatments.

To provide the same visual cues on both sides of the Y, an

identical electromagnet/magnet pair was positioned on each

side. The signal’s frequency and amplitude characteristics

were adjusted as above.

An experimental unit consisted of one unique playback

signal and one nymph. Two response variables were

examined, based on video recordings. The 5 min trial period

was divided into three periods: time spent on the base of the

Y, time spent on the left branch and time spent on the right

branch (and thus there are two degrees of freedom). The first

response variable was the arcsine-transformed proportion of

time spent searching on the left side during each treatment

(arbitrarily chosen; the prediction was that more time would

be spent on the left when the playback was from the left, and

less when the playback was from the right). The influence of

stimulus location was evaluated using a repeated-measures
Proc. R. Soc. B (2005)
ANOVA (Littell et al. 1996) with one within-subjects fixed

factor (playback type: none, on left or on right) and one

between-subjects random factor (aggregation of origin). The

second response variable was the nymph’s initial choice of

which side of the Y to ascend. The influence of stimulus

location on initial turn direction was evaluated using logistic

regression (Allison 1999) in SAS v.6.12 (SAS Institute, Inc.);

the dependent variable was turn direction (leftZ1, rightZ0),

and the predictor variables were stimulus location (absent,

left or right) and aggregation.

(e) Coordination among signallers

Field observations suggested that newly arrived individuals

contribute to a growing chorus by signalling in unison with

those already there. This apparent coordination among

signallers was evaluated by introducing a second individual

onto a stem with a growing shoot on which the first individual

was already signalling. The signalling behaviour of both

individuals was recorded with the camcorder, with the signals

on the audio track (signalling is accompanied by a slight

raising of the abdomen, allowing identification of the signaller

from the video recording). The coordination of signalling

among pairs was evaluated using a randomization test similar

to that described above for the coordination of walking bouts

with signals. In this case, an initial cross-correlation score was

calculated for vectors representing the starting times of the

signals of both individuals, using a time increment of 0.1 s

(results of this test were not sensitive to the particular time

increment used). This score was compared with a distribution

of 1000 scores obtained by randomizing the order of inter-

signal intervals of the second signaller. Signalling behaviour

was analysed for eight pairs, with one pair drawn from each of

eight aggregations.
(f) Variation in vibrational signals

If nymphs do advertise feeding sites, it is possible that

variation in signals may correlate with variation in feeding site

quality (Seeley et al. 1990). In this study that correlation was

not evaluated. Instead, as a first step, signal variation was

quantified within and between individuals to identify signal

features with high coefficients of variation and thus the

potential to convey information about differences among

feeding sites. Signals were measured using CANARY v.1.2.4

(Cornell University Laboratory of Ornithology, Ithaca, NY,

USA) for a sample of individuals recorded during the course

of the ‘context-dependence of signalling’ experiment. Signals

(see figure 1a) consist of a set of harmonics with a

fundamental of approximately 100 Hz and the majority of

the energy below 1 kHz. Inter-signal interval, signal length

and frequency of the third harmonic were quantified, as

measured from audiospectrograms (the third harmonic was

chosen arbitrarily to provide a measure of frequency variation

among signals). A second, much shorter signal type was

occasionally produced, but was not included here.
3. RESULTS
(a) Context-dependence of signalling

Nymphs produced over 14 times more signals on stems

with new growth than on stems without new growth

(c14
2 Z34.55, p!0.01; nZ37 pairs of nymphs in seven

aggregations; figure 2a). Overall, 93% of signals were

produced on stems with new growth. Signalling began



2

1

0

2

1

0
0 4

time (s)

fr
eq

ue
nc

y 
(k

H
z)

8

Figure 1. Spectrograms of vibrational signals of C. pinguis
nymphs. (a) One individual signalling after discovery of a new
shoot; (b) two individuals signalling together, with arrows
indicating the start of a second individual’s signals.

Table 1. Variation in the vibrational signals produced by
individual C. pinguis nymphs at a newly discovered feeding
site.
(CV, coefficient of variation. nZ18 individuals, 10 signals per
individual.)

signal trait xG s.d CV (within-
individual, %)

CV (among-
individual, %)

length (ms) 682G127 14 22
interval (sK1) 6.9G1.1 34 24
frequency

(Hz)
300G17 1.4 5.4
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once the nymph encountered the new leaf and inserted its

feeding stylets.
(b) Response to signals: searching behaviour

Natural signals were more effective than noise bursts in

eliciting walking behaviour (repeated-measures ANOVA:

F1,5Z12.4, p!0.05; figure 2b; no effect of aggregation

from which nymph was drawn: F5,10Z0.96, pZ0.48;

nZ16 nymphs in six aggregations).

Searching individuals responded to playback by initiat-

ing a short burst of walking (xGs.d.Z5.2G2.1 s, nZ16),

then stopping and remaining motionless until after the

next signal. The timing of initiation of walking bouts

(1.07G0.51 s after the beginning of the playback signal)

was significantly correlated with the timing of signals

(Fisher’s method of combining p-values: c12
2 Z55.26,

p!0.01; figure 2c).
(c) Response to signals: orientation

Nymphs approached the source of the signals on a

Y-shaped stem (F2,12Z49.33, p!0.001; figure 2d; no

effect of aggregation from which an individual was drawn:

F6,19Z0.74, pZ0.62; nZ26 nymphs in seven aggrega-

tions). Of 26 nymphs tested, 24 (92%) spent more time

searching on the side of the Y from which signals were

played. Individuals walked upward along the stem,

typically coming to a temporary stop just at or before the

branching point (88% of trials). An individual’s initial

choice of which stem to ascend was influenced by the

playback location, according to the logistic regression

(c2
2Z10.86, p!0.01), but not by the aggregation from

which it was drawn (c6
2Z6.74, pZ0.35; nZ26 nymphs in

seven aggregations). Individuals made a ‘correct’

initial choice in about 73% of the playback trials.
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When individuals ascended the side opposite to that

from which the signals were played, they often stopped a

few centimetres above the branching point and then

reversed direction and ascended the side from which the

signals were played.

The behaviour of searching nymphs appeared to be

influenced by the location of signals alone, rather than by

chemical cues associated with prior individuals on the

stem. There was no evidence that the initial direction an

individual took when first placed on the stem (with no

signal played back) was influenced by the last turn made

by the previous individual on the stem, or by the amount

of time the previous individual spent on each side (nZ18,

logistic regression, for both tests pO0.5). Furthermore,

there was a significant influence of playback stimulus

location (as in figure 2d), even when only the first

individual on each stem was included in the analysis

(nZeight individuals, repeated-measures ANOVA:

F2Z10.5, p!0.01).
(d) Coordination among signallers

Individuals placed onto a stem with another individual

already signalling from a new shoot began walking in

coordination with the signals. Once they arrived at the

feeding site, they signalled in concert with the first

individual. The timing of signals from the second individ-

ual was significantly correlated with that of the first

individual (Fisher’s method of combining p-values:

c16
2 Z75.64, p!0.01; also see figure 1b and the Electronic

Appendix). Signals of the second individual were given

284G234 ms (nZ8 pairs) after the beginning of the signals

of the first individual, and overlapped those signals.

However, signals of the second individual were also shorter,

such that both signals typically ended at approximately the

same time (see figure 1b). When the two individuals

changed the order of signalling (nZ3 pairs), their relative

signal lengths changed accordingly. Additional field (nZ4)

and laboratory (nZ5) observations revealed that the

number of signallers continued to increase as more

individuals located the advertised feeding site, and that

signalling continued to be synchronized. Signalling con-

tinued for several minutes after the last individual had

joined the group.
(e) Variation in vibrational signals

Inter-signal interval and signal length had relatively high

within- and among-individual coefficients of variation

(table 1). In contrast, signal frequency had a relatively low

coefficient of variation.
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Figure 2. Signalling behaviour and its influence on receivers in C. pinguis nymphs. (a) Boxplot showing signalling as a function of
the presence or absence of a suitable feeding site, with extreme values indicated by asterisks; (b) the number of walking bouts
elicited by playback of 20 stimuli; (c) the coordination of walking with signals, in an example from a playback experiment. Grey
vertical bars show timing of playback signals, solid horizontal bars show timing of walking bouts by the responding individual;
(d) influence of signal playback location on searching behaviour of nymphs on a branching stem.
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4. DISCUSSION

Herbivory in tropical forests is especially intense on young

leaves, which are high in nitrogen and water content,

and anti-herbivore defence for many species involves rapid

leaf expansion and maturation (Coley & Barone 1996).

The ephemeral nature of this valuable resource may select

for efficient resource-finding mechanisms on the part of

herbivores. In the treehopper C. pinguis, group-living

immatures feed on a series of young leaves, and

communication with plant-borne vibrational signals

underlies their ability to locate new resources. During

the transition from one feeding site to another, searching

individuals signal when they have discovered a new

feeding site. A positive feedback process then occurs, in

which newly recruited individuals signal in concert with

those already there, and the process ends after all of the

group members have been recruited to the new site.

Food signalling in C. pinguis is cooperative, in that there

is a benefit to the group—the location of a new feeding

site—that requires collective action (Mesterton-Gibbons &

Dugatkin 1992). What are the costs and benefits of

signalling? The energetic costs of signalling (and the

mechanism of signal production) are unknown. However,

there are probably predation risks of producing signals that
Proc. R. Soc. B (2005)
can be detected by vibration-sensitive predators (Cocroft &

Rodrı́guez 2005). The inclusive fitness benefits of signal-

ling may be substantial, depending on within-brood

relatedness, the extent to which advertising a feeding site

reduces search costs for siblings and the relationship

between group size and individual fitness. The influence

of grouping on predation risk has not been assessed for C.

pinguis, but individual benefits from dilution effects will

vary with group size, position within the group and the

effect of grouping on the probability of predator encounters

(Hamilton 1971; Mooring & Hart 1992; Krause 1994;

Cocroft 2002). In C. pinguis, maternal defence against

predators may also be important (e.g. Wood 1978), and

such defence will probably be more effective when offspring

are clumped (Windsor 1987). Other possible benefits to

insect herbivores from groups range from enhanced

thermoregulation to more efficient use of food resources

(Fitzgerald 1995; Costa & Pierce 1997; Cocroft 2001).

Signalling by individuals that have arrived at a new feeding

site is thus likely to have a range of fitness benefits. Indirect

evidence suggests that signalling may also recruit individ-

uals from a different aggregation. During playbacks in this

study, nymphs responded to signals of both siblings and

non-siblings. In the field, 40% of females (21/52) with eggs
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or nymphs occurred together on the same host plant with

one or more other aggregations, and three aggregations

contained two broods, as evidenced by the presence of two

attending females and distinct size classes of nymphs (R. B.

Cocroft, personal observations, this study). Whether

recruitment of individuals from a second aggregation

represents a benefit or a cost is unclear.

There may be less overlap of interests between siblings

at the exploratory stage of a move. Because a solitary

individual moving onto new areas of the host plant is likely

to be at a relatively high risk from spiders or other

predators attracted to moving prey, there may be a higher

fitness pay-off of remaining at the old site while other

individuals search. What then determines which individ-

uals behave as ‘scouts’? The present study provides two

insights into this question. First, the experiments above

show that virtually any individual can be induced to search

and signal by removing it from a group and placing it on a

stem with new growth. Second, in four groups filmed in

the pre-dispersal period (R. B. Cocroft, personal obser-

vations, this study), there was a characteristic pattern of

behaviour that suggests an assessment process. Individuals

began periodically rocking or ‘walking in place’, bringing

them into contact with adjacent individuals, some of

which responded with a similar behaviour. This episodic

rocking behaviour gradually spread to more and more

individuals, after which a few individuals eventually left

the group and walked down the stem towards the rest of

the plant. Strikingly similar patterns of tactile stimulation

occur in other nomadically foraging insects prior to a

move by the group (Fitzgerald & Pescador-Rubio 2002;

Fitzgerald et al. 2004). Determination of which individ-

uals leave the group to discover new sites is thus more

likely to depend on variation in nutritional state, position

in the group, or other factors that influence response

probability than on variation in the ability to signal when a

new site is discovered.

The use of synchronized acoustical displays to advertise

a food resource is a striking feature of communication in

C. pinguis, with no clear parallels even among the highly

social insects (Kirchner 1997). Since the interval between

group displays is variable, synchrony must be maintained

on a cycle-by-cycle basis, rather than through adjustment

to a common rate, as occurs, for example, in the

synchronous visual signalling of some fireflies (Greenfield

2002). Mirroring this synchrony are the responses of

receivers, which approach in short bursts during the

intervals between signals. This alternation of signals and

responses probably facilitates signal detection and local-

ization. The principal vibration receptors in insects are in

the legs (Kalmring 1985), and walking reduces the

number of legs in contact with the substrate. Furthermore,

movement along a plant stem, especially by multiple

individuals, generates vibrational noise (R. B. Cocroft,

unpublished data) that may interfere with the detection of

signals. Receivers will thus experience a higher signal-to-

noise ratio if signals and movement are alternated, rather

than if they occur simultaneously.

Vibrational communication underlies the social beha-

viour of other species of herbivorous insects with group-

living immatures, with functions that vary among species

with different foraging ecologies. For nomadically foraging

species, signalling can be important during the formation

of foraging groups (Cocroft 2001; Greenfield 2002),
Proc. R. Soc. B (2005)
in ‘activation’ of existing groups (Costa et al. 2004), and

in recruiting other group members to feeding sites

(Hograefe 1984). By contrast, in species that complete

their development to adulthood on a single stem,

vibrational communication may have an anti-predator

rather than a foraging function. In some treehoppers,

females remain with stationary broods of offspring (Wood

1983), and sibling groups produce synchronized

vibrational signals to elicit maternal defence against

predators (Cocroft 1996, 2002).

Given that substrate-borne vibrational communication

is the predominant form of mechanical signalling in

insects (Cocroft & Rodrı́guez 2005), and that short-

range vibrational signals are easily overlooked, many more

such communication systems probably await discovery.

The above examples show that vibrational communication

can allow group-living insects to solve a range of

challenges faced by social herbivores, from remaining in

a foraging group to avoiding predation. This study

describes a cooperative communication system underlying

the ability of a sap-feeding species to make use of a series

of ephemeral plant resources. For group-living species,

vibrational communication may be a widespread and

important feature of insect–plant interactions.
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