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Abstract: A study was undertaken to determine whether Scolypopa australis, the passionvine hopper,
communicates using substrate-borne vibrations, as its use of such signals for communication is
currently unknown. This insect is a costly pest to the kiwifruit industry in New Zealand, where
few pest management tools can be used during the growing season. Vibrations emitted by virgin
females and males of S. australis released alone on leaves of Griselinia littoralis were recorded with a
laser vibrometer to identify and characterise potential spontaneous calling signals produced by either
sex. In addition to single-insect trials, preliminary tests were conducted with female-male pair trials
to determine whether individuals exchanged signals. The signal repertoire of S. australis includes
a male calling signal and two female calling signals. However, no evidence of duetting behaviour
that is potentially necessary for pair formation has been found to date. Our outcome suggests that a
deeper understanding of the role of vibrational communication employed by S. australis is needed,
and by disclosing the pair formation process, a new residue-free pest management tool against this
pest may be developed. In addition, this vibration-based tool could contribute to future biosecurity
preparedness and response initiatives.

Keywords: biotremology; vibration; communication; residue-free; kiwifruit; Actinidia; passionvine
hopper; behavioural manipulation

1. Introduction

The passionvine hopper, Scolypopa australis (Walker, 1851) (Hemiptera: Ricaniidae), is
a polyphagous phloem-feeding insect and is a pest of kiwifruit belonging to the cultivars
Actinidia chinensis (Planch) var. deliciosa and A. chinensis var. chinensis grown in New
Zealand. As it feeds, it exudes honeydew, which promotes the growth of sooty moulds.
Sooty mould-covered kiwifruit cannot be easily cleaned or be exported to international
markets, costing the New Zealand kiwifruit industry ~NZD 77 million per annum [1].
Due to the characteristics of the fruit themselves (particularly the hairiness of the skin)
and because kiwifruit grow under the canopy protected from weathering elements like
ultra-violet light exposure and rainfall, insecticidal sprays do not adequately degrade
before harvesting and cannot be used for much of the season [2,3]. As such, there are few
tools available to manage this pest in the crop during the growing season. For all these
reasons, novel and eco-friendly control strategies are urgently needed.

Biotremology is an emerging field of science providing innovative approaches to
manipulating insect behaviours by transmitting substrate-borne vibrations along plants [4].
Species-specific vibrational signals have been applied in the field against piercing-sucking
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pests like the brown marmorated stink bug, Halyomorpha halys (Stal 1855) (Hemiptera: Pen-
tatomidae) [5,6], and the grapevine leafthopper, Scaphoideus titanus (Ball 1832) (Hemiptera:
Cicadellidae) [7,8]. Biotremology offers an eco-friendly tool (i.e., no residues are created by
the vibrations and due to its spray-free nature, its application is not reliant on fossil fuel-
derived carbon) that could support other integrated pest management strategies, therefore
reducing the application of insecticides. In addition to its potential for pest management,
biotremology could also be used in biosecurity systems, for example, to attract and kill
insects like hemipterans, for which there are few effective surveillance tools available
to traps.

Vibrations have been transmitted along the structures on which plants grow by so-
phisticated devices like electrodynamic exciters or mini shakers [9,10], although cheaper
options like piezoelectric accelerometers may potentially be used as well [11]. Given that
substrate-borne vibrations are optimally transmitted when the plants are supported by
wires (i.e., as in vineyards [10]), a vibration-based pest control tool would be compatible
with several orchard-growing architectures, including those of kiwifruit that have hor-
izontal structural wires to support the growing plants. Very little is known about how
S. australis communicates with con-specific individuals. If S. australis communicates using
substrate-borne vibrations, key behaviours such as mating and feeding could be hampered
by the transmission of species-specific stimuli. For example, biotremology could provide
a mechanism to reduce the sooty mould prevalence from the production of honeydew
by interfering with the feeding of S. australis or by reducing their overall persistence in
orchards. Furthermore, if S. australis behaviour can be successfully manipulated by means
of vibrations, this pest management strategy would support the industry’s transition to
carbon-neutral and residue-free food production [12], therefore meeting or exceeding
targets identified by initiatives like the European Green Deal [13].

In this light, the aim of the present study was to assess whether S. australis uses
substrate-borne vibrations to communicate, as the first step towards developing a future
vibrational control technique against this pest.

2. Materials and Methods
2.1. Insects

S. australis nymphs (n ~ 1000) were field-collected in Te Puke, New Zealand (—37.784,
176.328) from a variety of plant species (Melicytus ramiflorus (Forst and Forst), Ficus macro-
phylla (Desf. Ex Pers.), Pteridium esculentum (G. Forst)) and were couriered to Plant & Food
Research, Lincoln (—43.640, 172.474), New Zealand. Nymphs (approximately 50 per cage)
were reared in mesh cages (45 x 45 cm, BugDorm, MegaView Science Co., Taiwan) inside a
temperature-controlled laboratory (25 £ 2 °C) on fresh cuttings of Griselinia littoralis (Raoul),
which were placed in vials filled with water and replaced once per week. Parafilm® M tape
was placed over the top of the vials and around the base of the plant stem to prevent insects
from drowning. Light and humidity were not able to be controlled, so the conditions were
ambient humidity and summer sunlight (approx. 13L: 11D). As soon as adults emerged
from the last nymphal moult, they were removed from the nymph-rearing cage and sexed.
Males and females were separated by gender and age (i.e., adults that emerged in the range
of 2-3 days were released in the same cage) to obtain virgin individuals of similar age to be
used in the trials. These virgin individuals were maintained as above in numbers varying
from 1 to 37, depending on how many had emerged.

2.2. Experiments

To record the vibrations emitted by S. australis, we used a laser vibrometer (PDV 100,
Polytec, Waldbronn, Germany) focused on a piece of reflective tape (1 X 2 cm) superglued
to the vein on the abaxial leaf side of the host plant on which the insects were released.
The latter consisted of a two-leaf G. littoralis cutting placed in a Parafilm-covered vial filled
with water (Figure 1). The recorded signals were digitised at a sample rate of 48,000 kHz
and 24-bit resolution using Raven Lite (The Cornell Lab of Ornithology, Ithaca, NY, USA)



Sustainability 2022, 14, 185

30f9

and then analysed using Raven Pro 1.6.1%. All recordings were performed between 09:00
and 16:00 local time. A calling signal was defined as a signal spontaneously emitted by an
isolated insect [14,15] and containing a series of pulse trains.

Figure 1. Experimental setup for recording vibrational signals emitted from Scolypopa australis.
Recordings were made from leaf 1, and S. australis specimens were placed on leaf 1 in single-insect
experiments. In male-female pair experiments, females S. australis were placed on leaf 1 and males on
leaf 2. Leaf measurements indicate the approximate size and shape of the Griselinia littoralis leaves.

Between February and April 2020 and 2021, we analysed the vibrational behaviour
of both single males (n = 54, in 2020) and single females (n = 33, in 2021) of S. australis.
Given that S. australis males emit vibration sooner than females after their final moult
(authors’” personal observations), males were tested from 5 to 10 days after their emergence
as adults, whereas females were tested from 11 to 28 days post-emergence. A similar delay
in the female vibrational calling activity is common among auchenorrhynchans such as
leathoppers, spittlebugs, and planthoppers [16-18]. The calling behaviour of single males
and females was recorded for 30 min, although the recording was prolonged if the insect
emitted a calling signal at the end of the recording. New individuals were used each trial.
Individual insects were introduced on approximately the middle leaf 1 from a vial by
tapping the end of the vial.

Recordings were conducted in a laboratory at Plant & Food Research, Lincoln, New
Zealand in February—March 2020 under ambient temperature and humidity. A desk-
top lamp was used to provide bright light to the apparatus. From February—April 2021,
recordings were conducted in a recently modified sound-dampened room at Plant & Food
Research, Lincoln, New Zealand, again under ambient temperature and humidity. LED
room lighting provided bright light on the apparatus. Leaves were not cleaned between in-
dividuals. In addition to single individual trials, we recorded the behaviour of male—female
pairs (n = 12) to investigate whether there was an exchange of vibrational signals between
males and females. In the male—female pair experiments, females were introduced on the
middle of leaf 1 and then males were introduced on approximately the middle of leaf 2
(Figure 1).

2.3. Data Analysis

When a male or female calling signal was recorded, we analysed the time of day
when the signal occurred, the time from the insect’s release to the first emission of a signal
(namely, the calling latency), and the signal characteristics. We measured the length of
the calling signal, the number of pulse trains within the calling signal, and the dominant
frequency and amplitude of the pulse trains. The duration of the pulses and their dominant
frequency were measured by analysing five pulses at the beginning and five pulses at
the end of each calling signal. Because there was no true replication (male and female
recordings were done at very different times), valid formal statistical comparisons could
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not be made. Therefore, data were examined using exploratory summaries (summary
statistics, figures) only.

3. Results

In the single male and female trials, 14 males (thus, 25.9% of the 54 recorded) and
12 of the 33 recorded females (36.3%) produced at least one calling signal within 30 min.
Thirteen male and 11 female calling signals were analysed, and low-quality recordings
were discarded. The male calling signal (MC) comprised pulses arranged in pulse trains,
whose amplitude increased as the signal progressed (Figure 2A). In contrast, the signal
repertoire of the S. australis females comprised two calling signals. The female calling
signal 1 (FC1) was emitted by 11 females (Figure 2B,C), whereas the female calling signal 2
(FC2) was recorded from only two females (Figure 2D,E). The two female signals differed
in the arrangement of the pulse trains, which were more dispersed in FC2 than in FC1
(Figure 2B-E). Exploratory analyses were performed solely on FC1 because of the low
number of FC2 calling signals recorded.
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Figure 2. Oscillograms (top) and spectrograms (bottom) of the identified calling signals of Scolypopa
australis (A) male calling signal (MC), (B) female calling signal 1 (FC1) at the same time scale as MC
and FC2, (C) female calling signal 1 (FC1) on an increased time scale, (D) female calling signal 2 (FC2)
at the same time scale as MC and FC1, (E) female calling signal 2 (FC2) on an increased time scale.

Four pairs out of 12 exchanged vibrational signals in the pair trial, but none of the
recorded duets led to mating. No mating was observed at any point during the trials.
Common behaviours observed included wing-swinging (the individual swayed from side
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to side) and walking around the edge of the leaf. Both males and females displayed these
behaviours; however, males appeared to move around the leaf more than females.

Similar to the MC, the FC1 comprised a series of pulses arranged in pulse trains.
However, the call latency and call length were longer, and a greater number of pulse trains
were emitted within the MC than within the FC1 (Figure 3). The male calling latency was
more than twice as great as that of females, and the call length and number of pulse trains
were, respectively, 5 and 4.9 times greater in males than in females. Males exhibited greater
variation around the three parameters recorded than females (Figure 3). We observed that
~30% of males and ~60% of females emitted short (~0.14 s) pre-calling signal pulses before
the calling signal. All tested females emitted post-calling signal pulses, whereas only ~25%
of the males emitted similar pulses after the MC.
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Figure 3. Dot-histograms for the calling latency (s), call length (s), and number of pulse trains per
calling signal for each sex of Scolypopa australis. Red bars represent the means.

On average, the dominant frequency of the pulses tended to be higher for males than
for females. In both male and female calling signals, the mean dominant frequency was
higher for the pulses at the end of the calling signal than for the pulses at the beginning of
the signal. However, there was substantial variation around the means (Figure 4). Finally,
males and females tended to emit vibrational signals later in the day (Figure 5).
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Figure 4. Dot-histograms of pulse train lengths (s) and dominant frequencies (Hz) of the pulses at the

start and end of male and female calling signals of Scolypopa australis. Blue bars indicate the means.



Sustainability 2022, 14, 185

6 0f 9

100 — [ I ) e oo o0 O oo @

80 -
2
— 60 -
= /
(&]
-E o °
(]
S 40 y
[} e
o s -

e
20 - e
,/////
7
04 eoe oO@O @O - o000 00 o - o

T T T T T T T T
09:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00

Time of day

Figure 5. Percentage of recordings where Scolypopa australis emitted a calling signal, plotted against
recording start time. The trend is highlighted with a cubic smoothing spline (red line).

4. Discussion

We observed that both virgin males and females of S. australis spontaneously emitted
vibrational signals when placed on a plant (G. littoralis), as reported for other auchenor-
rhynchan species [18-21]. A male calling signal (MC) was recorded, where the amplitude
and frequency progressively increased towards the end of the signal. A male calling signal
increasing in amplitude through time was also observed in the leathopper S. titanus [8,17].
Similar to this and other auchenorrhynchan species, S. australis males emitted a calling sig-
nal sooner than females after the final moult to the adult life stage [17-19]. In addition, the
female calling signal (FC2) of S. australis resembled the female signal emitted by the spittle-
bug Philaneus spumarius (Linnaeus 1758) to express their willingness to find a mate [16,19].
It is therefore possible that either the FC1 or FC2 of S. australis expresses female proceptivity,
although more data are needed to unveil the role(s) of male and female signals.

Regarding the signal structure, there was a large variation in the duration of each
S. australis male calling signal, which, on average, lasted one minute. Female signals
were, in contrast, shorter, lasting on average 12 s. Moreover, female pulses had a more
constant amplitude than male pulses. Given that vibrational signalling is energetically
demanding, especially if the signals emitted are long and complex [22], S. australis male
signals are likely to be more energetically costly than those of the females. Therefore, the
passionvine hopper female may use the MC to evaluate the male quality and therefore
decide whether to engage in a vibrational duet with the calling male, as suggested for other
auchenorrhynchans [16,19,22,23]. In this regard, although we recorded signal exchanges
between males and females of S. australis, we could not observe a vibrational duet leading
to mating, and we did not analyse the signal characteristics because we had relatively few
replicates. However, our preliminary results, and comparisons with the existing literature
dealing with other auchenorrhynchans [16,19,22,23] suggest that the MC and FC2 are
probably used in the initial part of the mating sequence.
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S. australis calling activity increased later in the day. It is possible this could have been
due to an increase in temperature during the day, or a build-up of chemical cues on the
leaf apparatus, as leaves were not cleaned between individuals; however, this was not
measured, as it was not the aim of the study. Given that the S. australis calling activity
increased as the day progressed, it is possible that we could not record a vibrational duet
because the insects may have responded to mating signals later in the day and/or into the
evening. In the citrus flatid planthopper, Metcalfa pruinosa (Say 1830), for example, mating
is achieved by means of vibrations and occurs at night [24]. In this light, further trials
should be performed into the evening and night to assess whether the S. australis males
and females engage in a vibrational duet at this time of the day. Similar to M. pruinosa and
other auchenorrhynchans, S. australis can reach high population densities [16,18,20,24]; it is
therefore possible that the substrate-borne vibrations emitted during the day by S. australis
underlie aggregation, whereas the signals used in the evening and/or night are used to
find a mate.

Indeed, further research should be conducted to unveil the vibrational repertoire of
S. australis males and females and to assign a behavioural role to each signal. Once the
vibrational signals and mating sequence of this pest are characterised, pre-recorded signals
could be used to induce behavioural responses in order to assess whether they could be
used as a management tool.

Our outcomes suggest that S. australis emit vibrations to communicate, although more
research is still needed to confirm this by, for example, recording responses of conspecific
insects to spontaneously emitted calling signals. If responses to calling signals can be
demonstrated, assessments can be undertaken to determine whether mass traps or mating
disruption tools based on vibrations could be developed, or whether they could comple-
ment the existing population-monitoring tools. If S. australis mating relies on vibrational
signals, a future control strategy could involve the transmission of specific vibrations along
the kiwifruit structural wires to interfere with the male—female communication. However,
as S. australis is a polyphagous insect and moves into the kiwifruit orchard from the sur-
rounding host plants [25], a management strategy could also involve the application of
repellent vibrational signals, which could reduce the settling of the pest in the orchard.
Harnessing gains in power production and storage, multi-modal traps including com-
munication signals like vibrations and odours could be developed to catch novel pest
insects. Moreover, the devices used to transmit the vibrational stimuli for one species will
be able to play back disruption or repellent cues for a variety of species. The ultimate
outcome is to reduce the persistence of multiple pests that communicate with vibrations
(e.g., stinkbugs) [5], and thereby contribute to biosecurity preparedness and/or response.
In the future, listening devices [26] in orchards to detect pests by detecting their calling
signals from the foliage, when coupled with a call library, could provide early warning
systems of the new pest as it expands its range.

The use of substrate-borne vibrational signals to lure and kill, disrupt mate-finding,
or repel pests has the potential to be a paradigm shift, transforming the way horticultural
industries like kiwifruit tackle insect pests.
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