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Abstract
In this study, we use for the first time the electropenetrography (EPG) technique to characterize and describe the feeding activities
of Collaria scenica (Stål) adults and their respective waveforms on wheat, Triticum aestivum L. plants. It comprised of four
waveforms, two related to non-feeding (Np and R) and two with feeding activities (CR and I). The Np wave represents the insect
resting or walking on the plant surface (75% of the recording time). R wave was associated to sensory evaluation of leaf surface
with the tip of the labium (labial dabbing activity—ca. 1% of the recording time). Feeding activities were of relative short
duration; cell rupture waveform (CR—ca. 49 min—ca. 15% of the recording time) was highly irregular due to constant
movement of the stylets internally in the plant tissue. The waveform I (ca. 28 min—ca. 9% of the recording time) showed
stereotypical and repetitive pattern and represents ingestion of the cell contents previously degraded via cell-rupturing activities.
The damage caused byC. scenica in wheat leaflets is a result of cell-rupturing activities, generated by action of digestive enzymes
plus mechanical action of serrated mandibular stylets. This results in whitish streaks, dots, or spots on the leaflet of wheat plants
which cause significant damage and eventually plants’ death.
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Introduction

The true bugCollaria scenica (Stål) is a mirid species found in
a wide range of hosts, with a greater preference for
graminaceous plants (Poaceae), including those cultivated
such as wheat, oat, rice, and barley (Carlessi et al. 1999;
Salvadori 2000; Ferreira et al. 2001; Goellner and Floss
2001) and pastures (Ferreira et al. 2001). Collaria scenica
has been reported in Argentina, Uruguay, Colombia,
Venezuela, and Brazil (Briceño 2007); in Brazil, it has been
reported mainly in the South Region since the 1980s
(Kalvelage 1988; Schuh 2002–2013). This bug is commonly

known as “percevejo-raspador” (rasping bug in English) be-
cause its feeding causes damage that resembles scraping of the
leaf (Carlessi et al. 1999; Ribeiro et al. 2020). Such damage is
described as whitish streaks, dots, or spots that occur in leaf-
lets of different stages of the plant development. It results in
the insertion of the mouthparts (stylets) in the longitudinal
direction of the leaf veins and later ingestion of the cellular
content (Auad et al. 2011).

Collaria scenica occurs throughout the year, but its popu-
lation increases significantly in dry and cold conditions of
winter (Gaitán and Riveros 2002), becoming an important
pest of winter plants (Naranjo et al. 2013). In some regions
of South America, there are reports of C. scenica and other
congeneric species, C. oleosa (Distant), causing significant
damage to forage grasses (e.g., Urochloa decumbens Stapf,
U. brizantha Stapf cv. marandu, Andropogon gayanusKunth,
Digitaria swazilandensis Stent, Panicum maximum Jacq.),
and crop plants, such as rice (Oriza sativa L.), wheat
(Triticum aestivum L.), barley (Hordeum vulgare L.), and oats
(Avena sativa L. and Avena strigosa Schieb.) (Granja and
Triana 1998; Melo et al. 2004; Menezes 1990; Silva et al.
1994; Nogueira et al. 2019).
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Despite the relevance of C. scenica, sometimes reaching
pest status, little is known about its feeding activities. The
knowledge of these activities might reveal relevant informa-
tion of their behavior and potential to cause damage in the
attacked cultivated plants. In addition, this knowledge could
be employed to development of control strategies and, conse-
quently, improving management programs, since the main
control method of this insect is via the use of insecticides
(Naranjo et al. 2013).

The electropenetrography technique (EPG) is the most ex-
act and rigorous method to elucidate the feeding behavior of
hemipterans (Backus et al. 2019). In this technique, a low
electrical current flow through the electrical circuit was creat-
ed between the insect and food, which allows generating
waveforms that represent different stylet activities into the
tissue (Walker 2000). This technique has been used for more
than 50 years in studies to determine the feeding activities of
several species of piercing-sucking insects, including species
of the family Miridae (see Lucini and Panizzi 2018a and
references therein). Therefore, herein, we used the EPG to
evaluate the feeding behavior of adults of C. scenica while
feeding on leaf of wheat seedlings, characterizing the wave-
forms, their proposed biological meanings, and quantification.

Materials and methods

Insect colony and plants

Adults of C. scenica were field-collected on A. sativa and
A. strigosa plants and taken to the laboratory of entomology
of the Embrapa Trigo located in Passo Fundo, Rio Grande do
Sul state, Brazil (latitude 28°15′46″S, longitude 52°24′24″W)
and placed in plastic rearing cages (20 × 20 × 25 cm), lined
with filter paper. As food source and oviposition substrate,
seedlings of spring cereals were provided: black oat (Avena
strigosa Schieb.), wheat (Triticum aestivum L.), barley
(Hordeum vulgare L.), and rye (Secale cereale L.).
Seedlings were replaced three times/week and the leaf sheaths
(preferred oviposition site) were inspected to obtain eggs,
which were placed in plastic cages (11 × 11 × 3.5 cm), lined
with filter paper plus a plastic lid (2-cm diameter) containing
moistened cotton. After hatching, nymphs were fed with
pieces of leaves of black oat, wheat, barley, and rye, and
replaced three times/week until they reached adulthood. The
rearing cages were kept in a walk-in chamber (25 ± 2°C tem-
perature, 65 ± 2% relative humidity and 14 h of photophase).

Seeds of the spring cereals, i.e., black oat cv. ‘BRS
Neblina,’ barley cv. ‘BRS Quaranta,’ rye cv. ‘BRS Serrano,’
and wheat cv. ‘BRSReponte,’were mixed and seeded weekly
in plastic pots (200 mL); these plants were used to keep the
bug colony in the laboratory. In addition, wheat plants in
plastic pots kept in a greenhouse were used in the tillering

(seedling) developmental stage (V3 stage) (Large 1954) for
the EPG bioassays.

EPG recordings

The feeding behavior of adult females of C. scenica on leaflet
of wheat seedlings was recorded using a four-channel AC-DC
EPG monitor (Backus et al. 2019) which was adjusted to
apply an input impedance of 107 Ohms, and 50 mV of alter-
nating current (AC). Waveform rectification and gain
(amplitude) were adjusted as necessary. Before wiring, the
insects were previously starved for 24 h. After that, insects
were separated from colony and placed individually in a test
tube; this tube was sunk in a pot containing ice for a few
seconds to anesthetize the insects, then they were immobilized
using an adhesive tape. The electrode (a piece of gold wire;
3 cm long and 38.1 μm in diameter [Sigma-Aldrich, Saint
Louis, MO, USA]) was attached in the insect dorsum using
water-based silver glue (white household glue:water:silver
flake—1:1:1 [vol:vol:wt]). The wired bug was connected to
the EPG probe and the plant electrode (copper wire 3 cm long)
was inserted into the soil of the potted plant to close the elec-
trical circuit and start recordings. The feeding activities of
C. scenica were recorded continuously for 7 h (9 AM–4
PM) under laboratory conditions with continuous light and
temperature of 25 ± 2°C. In total, 15 insects were successfully
recorded. The nomenclature, description, and biological
meanings of the waveforms recorded for C. scenica were
based on EPG studies with plant bugs of the species Lygus
spp. (Cervantes et al. 2016). During EPG recordings, we per-
formed visual observations of the insect behavior (e.g., insect
walking, resting, stylet movements) and annotated them; this
information was later essential to determine the biological
meaning of each waveform recorded.

Waveform quantification

EPG waveforms were manually measured using WinDaq
Waveform Browser software (DATAQ Instruments, Akron,
OH). Four non-sequential EPG variables (Backus et al. 2007)
were calculated for each waveform type, as follows: (1) num-
ber of waveform events per insect (NWEI); (2) waveform
duration per event per insect (WDEI; duration of each indi-
vidual event of a waveform); (3) waveform duration per insect
(WDI; sum of all events of a waveform); and (4) percentage of
the recording time (PRT). Herein, the term “event” defines a
continuous and uninterrupted occurrence of one waveform
type. Descriptive statistics of the EPG variables were per-
formed using the Backus 2.0 program (complete program is
available in http://www.crec.ifas.ufl.edu/extension/epg) for
Statistical Analysis Software (SAS, Cary, NC).
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Results

The overall waveforms structure recorded during feeding ac-
tivities of C. scenica on wheat seed leaf included both non-
feeding and feeding waveforms. Non-feeding included two
waveforms visually associated with standing still/walking
(Np) and labium tapping on the plant surface (R). Feeding
comprised another two waveforms: cell rupturing (CR), and
ingestion (I). Electrical characteristics and proposed biological
meaning of those waveforms are summarized in Table 1.

Non-feeding waveforms (Np and R)

Both waveforms occurred interspersed with each other and rep-
resent activities on which the bug was not with the stylets
(mouthparts) inserted into the plant tissue.WaveformNp (base-
line of the recording) presented either a flat line appearance
(observed when insect was standing still) or irregular peaks
randomly distributed (when insect was walking) (Fig. 1).
Waveform R was characterized by a sudden voltage rise,

followed by an irregular and high-amplitude peak, often show-
ing long flat plateaus (Fig. 1).

Feeding waveforms (CR and I)

The CR waveform always started with a high-amplitude spike
positively (Fig. 2(a–c)) or negatively going oriented (the
highest in each feeding event). Following the initial peak,
CR presented a highly irregular waveform appearance (i.e.,
without a clear pattern) (Fig. 2(d)) greatly variable in appear-
ance among insects and evenwithin the same individual insect
recorded. The fine structure of CR showed that this waveform
is in general composed by sections with almost flat appear-
ance (i.e., very low frequency and amplitude) (Fig. 2(d)), but
sometimes some sections with variable frequency (sometimes
with high-frequency) and amplitude are also recorded (Fig.
2(c); first CR event). In several cases, multiple CR events
were recorded in a short period of time, which was marked
by brief stylet withdrawal backing to baseline (Np waveform)
followed by immediate stylet penetration (CR waveform). In
contrast, the I wave was a stereotypical waveform with a very

Table 1 Summary of EPG AC–DC waveforms, their electrical characteristics, and proposed biological meanings for each waveform recorded during
feeding behavior of Collaria scenica on leaf of wheat seedlings

Behavior Type Relative amplitude (%) Frequency (Hz) Proposed biological meaning

Non-feeding Np – Flat/irregular Standing still or walking on plant surface

R 100 Irregular Insect touches the plant surface with labium

Cell rupturing CR 100 Irregular Stylet maceration of plant tissue

Ingestion I 22.1 4.1 Hz
(3.1–4.8)

Ingestion of degraded plant tissue

Fig. 1 Overview of a feeding section recorded from Collaria scenica adults on leaf of wheat seedlings (a). Fine structure of waveforms Np and R (b). a
has Windaq compression 20 (4 s vertical/division), gain 2×; b has compression 5 (1 s vertical/div.), gain 4×
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regular pattern of waves without peaks (Fig. 2(e)) with a fairly
frequency of 4 Hz.

Waveform quantification

Number of waveform events per insect (NWEI), waveform
duration per event per insect (WDEI), and waveform duration

per insect (WDI; overall) were calculated (Table 2). The
waveformNp presented the largest waveform duration of each
event and overall per insect among all waveforms recorded,
representing 75% of the recording time. CR activity had the
second longest overall duration (ca. 49 min), by far, caused by
a larger numbers (NWEI) of short-duration (WDEI) events
(Table 2). Ingestion waveform (I) presented the third longer

Fig. 2 Overview of a feeding section recorded from Collaria scenica
adults on leaf of wheat seedlings (a). Initial stylet insertion recorded
after a Np event (b). Overview of multiple cell-rupturing (CR) events
(c). Fine structure of waveform CR (d). Fine structure of sustained

ingestion waveform I (e). a has Windaq compression 100 (20s vertical/
division), gain 16×; b has compression 2 (0.4 s vertical/div.), gain 8×; C
has compression 5 (1 s vertical/div.), gain 16×; d and e have compression
2 (0.4 s vertical/div.), gain 64×
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overall waveform duration (ca. 28 min), which was caused by
a combination of few numbers (NWEI) of intermediate-
duration (WDEI) feeding events. Labial dabbing (R) repre-
sented the shortest event and overall duration per insect, ca.
1% of the recording time (Table 2).

Discussion

In this study, we used for the first time the EPG technique to
characterize and describe the feeding activities C. scenica
adults and their respective waveforms. The feeding activities
of C. scenica comprised four waveforms, two related to non-
feeding (Np and R) and two with feeding activities (CR and I).
Waveform Np represents the insect resting or walking on the
plant surface. These activities are well known and discussed
for several species of hemipterans, including plant bugs (e.g.,
Cervantes et al. 2016). Waveform R was associated with sen-
sory evaluation where the bug touches the wheat leaf surface
with the tip of the labium before inserting its stylets into the

plant tissue (named labial dabbing activity). To our knowl-
edge, this sensory activity is reported for the first time for a
plant bug species.

The labial behavior has been reported in the pentatomids
Nezara viridula L. (Mitchell et al. 2018), and Piezodorus
guildinii (Westwood) (Lucini et al. 2016), which was recorded
before stylet insertion into the plant tissue. In contrast, for the
pentatomid Halyomorpha halys (Stål), Serteyn et al. (2020)
described a different tapping activity which they called “epi-
dermal scanning.” This behavior represents the bug dragging
its labium on plant surface and probably involving a slight
breakage of the epidermal cells to select a penetration site.
Thus, R waveform ofC. scenica is probably related to sensory
evaluation of the tissue before insertion of the stylets.
However, our observations cannot ensure whether the bug
use the labium only to touch the plant surface or if they slight-
ly break the plant cuticle to perform epidermal scanning while
search a suitable place to penetrate their stylets.

The feeding activities of C. scenica on wheat leaflet pre-
sented, in general, a very short duration; about one quarter of

Table 2 Calculated number of waveform events per insect (NWEI),
waveform duration per event per insect (WDEI; min ± SE), waveform
duration per insect (WDI; min ± SE), and percentage of the recording

time (PRT) of non-feeding and feeding waveforms performed by
Collaria scenica on leaf of wheat plants

Waveform/biological activity NWEI WDEI (min) WDI (min) PRT (%)

Np Resting or walking 13.3 ± 1.9 28.1 ± 6.8 239.8 ± 12.6 75.0

R Labial dabbing activity 7.1 ± 1.2 0.5 ± 0.1 3.2 ± 0.6 1.0

CR Cell-rupturing activities 14.5 ± 1.9 3.3 ± 0.5 48.9 ± 10.1 15.4

I Ingestion of cell contents 5.2 ± 0.7 5.4 ± 0.8 27.5 ± 5.3 8.6

Fig. 3 Microscopy images of the
mouthparts of Collaria scenica
showing details of the labium and
stylets (a) and of mandibles with
multiple mandibular teeth in the
tip and the maxillae (b)
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the recording time is represented by feeding behaviors. This
result is similar to the one observed for the plant bug Lygus
lineolaris (Palisot de Beauvois) and Lygus hesperus Knight
(Cervantes et al. 2016). The CR waveform showed a highly
irregular appearance without any resemblance to ingestion
waves. This irregularity is result of the constant movement
of the stylets internally in the plant tissue. CR waveform from
C. scenica strongly resembles the pattern of the analogous
waveform CR described for L. lineolaris and L. hesperus,
using the same input impedance (Ri level) and applied signal,
which encompasses stylet movements and enzymatic saliva-
tion into the plant tissue, but with little or no ingestion activity
(Cervantes et al. 2016).

Phytophagous mirids do not secrete a salivary sheath as
part of their feeding activities; in fact, they are exclusively
cell-rupturing feeders, employing the macerate-and-flush tac-
tic (Miles and Taylor 1994; Backus et al. 2005). In this tactic,
the cell degradation involves some cell laceration caused by
the slow, but continuous, movements of the stylets, and pri-
marily by the secretion of watery saliva highly concentrated in
digestive enzymes, i.e., saliva-induced maceration. These ac-
tivities result in the formation of a slurry of plant cell contents
that were ingested afterwards (Backus et al. 2005). Visual
observations from C. scenica showed that during CR wave-
form the bug moved their stylets into the tissue often follow-
ing the veins of the leaf (longitudinally) (see video recording
in Electronic Supplementary Material). Thus, CR waveform
of C. scenica probably combines some stylet laceration plus
enzymatic salivation to liquefy the plant tissue to create a
slurry for ingestion.

In general, multiple cell rupture events (CR wave) were
performed lonely (i.e., CR events were followed by periods
of walking or resting behaviors) before ingesting the cell con-
tents (waveform I). According to Cervantes et al. (2016), after
injecting saliva into the plant tissue during these multiple lone
CR events, the bug (Lygus) presumably waits the enzymatic
degradation of the cells during non-feeding activity before

ingestion. Thus, it is plausible that this similar behavior might
be occurring in C. scenica.

In L. lineolaris and L. hesperus, Cervantes et al. (2016)
reported for the first time a transition waveform (T wave) in
a cell rupture feeder, which was recorded after CR waveform
and always preceding the I waveform. The authors suggested
that T wave presumably represents the taste/test of the plant
tissue previously degraded to obtain the optimum level of cell
liquefaction prior to ingestion. However, for C. scenica, a
transition waveform was not observed. Perhaps, the electrical
characteristics (low Ri level applied [107 Ohms]) applied in
this study might have masked the recording of this waveform,
since in Lygus spp., the transition wave was much more vis-
ible when applied a high Ri level (109 Ohms). Additional
studies, applying higher Ri levels, are required to determine
whether C. scenica produces a transition waveform.

The waveform I was always recorded after one or multiple
CR events. The stereotypical and repetitive pattern of I wave
is probably related to the cibarial pumping (Dugravot et al.
2008), and it has strong similarities with sustained ingestion
waveforms recorded for several heteropterans species (e.g.,
Backus et al. 2013; Cervantes et al. 2016; Lucini and
Panizzi 2018b). Therefore, we propose that the I waveform
of adult C. scenica represents ingestion of the cell contents
previously degraded via cell-rupturing activities.

The damage caused by the feeding activities of sucking in-
sects is a sum of many factors that include frequency (number
of times) and duration of stylet activities, depth reached by
stylets, salivation, saliva composition, and susceptibility of
plant tissues to stylet activities (Cooper and Spurgeon 2013).
Our results show that the damage caused byC. scenica in wheat
leaflets is a result of the cell-rupturing activities, probably gen-
erated by the action of digestive enzymes and enhanced by the
mechanical action of the mandibular stylets that contain multi-
ple “teeth” at their tip, which break the cells (Fig. 3). In hemip-
terans, the tip of their mandibular stylets is often barbed, be-
cause they are the principal structure used by the insect to

Fig. 4 Adult of Collaria scenica
and visual damage caused by the
feeding activities of the bug on
wheat leaflets (large whitish
areas) (a). Damage observed on
wheat plants under high level of
infestation in field conditions (b)
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penetrate the tissue (Chapman 1998). In addition, the ingestion
of the cell contents further evidences the damage to plant tissue.
The feeding activities of C. scenica cause whitish streaks, dots,
or spots that occur on the leaflet of the plants (Fig. 4), which
might cause significant damage and even cause the death of the
attacked plants.

In conclusion, this study used for the first time the EPG
technique to evaluate and characterize the waveforms related
to feeding behavior of adults of C. scenica on leaf of wheat
plants. Results showed that bugs use the cell rupture feeding
strategy to degrade the plant tissue, via maceration-and-flush
tactic (slowly cell laceration plus saliva-induced enzymes), to
later ingest the degraded cell contents. The knowledge obtain-
ed with this study serves as groundwork for future quantitative
studies for this insect, such as evaluating the feeding behavior
on different host plants (e.g., different spring cereals), and the
effect of tolerant/resistant cultivars and chemical compounds,
aiming to improve the management tactics to control this pest.
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