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Abstract. The labium and the external scent efferent system (ESES) are important characters in Heteroptera
systematics. This study provides a comparative morphological analysis of these structures in genera within the
Janeirona clade of Ochlerini (Pentatomidae: Discocephalinae), characterized by a subdivision in labiomere II.
Using light and scanning electron microscopy (SEM), 15 species were investigated, including five outgroups.
Results confirm that the subdivision in labiomere II is a functional intercalary segment, exhibiting articulation and
intrinsic musculature. Two distinct morphological types of intercalary segments were identified: a dilated type
with a wide range of motion, and a flat, short and less mobile type. Regarding the ESES, the clade shares an
elliptical, ventrolaterally oriented ostiole and a spout-shaped peritreme. Detailed SEM imaging further revealed
specialized scale-like microsculptures on the peritremal surface and complex spiracular filter systems. These
findings provide the first high-resolution characterization of the labial intercalary segment and significantly
expand the morphological data available for the tribe Ochlerini. This study offers relevant insights for future

taxonomic and phylogenetic research aimed at refining the classification of Pentatomidae.

Introduction

The suborder Heteroptera is distinguished from other insect groups by the combination of the external scent
efferent system (ESES), and the labium forming an elongated, segmented tube (Grazia et al. 2015; Schuh and
Weirauch 2020). The labium is highly conserved within the Heteroptera infraorders, varying mostly in the number
of segments (labiomeres); most families have four labiomeres, but three are seen in Reduviidae (Weirauch 2008).
In contrast, the ESES morphology is highly variable between and within groups of Heteroptera, being useful for
delimiting characters for phylogenetic inference and for taxonomic identification in different levels (Kment and
Vilimova 2010; Barfo et al. 2017; Weiler et al. 2017; Schuh and Weirauch 2020; Genevcius et al. 2021).

The ESES plays an important role in the chemical communication of true bugs, being indispensable for their
defense against predators. The system is composed by paired metathoracic scent glands, in the adults, which
release repellent secretions (allomones) through specialized cuticular structures such as the ostiole, peritreme and
the evaporatorium. The ostiole is the opening for the draining of the secretions of metathoracic scent glands; the
peritreme consists of a cuticular expansion or excavation adjacent to the ostiole of the thoracic gland, responsible
for conducting secretions to the evaporatorium, which is composed by cuticular mycoid microsculpture present
on the meso- and metapleural surface, responsible for spreading and containing the secretion in a delimited pleural
area (protecting the insect of the secretion toxicity) and helping volatilization (Staddon 1979, 1986; Aldrich 1988;

Kment et al. 2012; Weber et al. 2017).



Although studies of the ESES microsculpture under scanning electron microscopy (SEM) dates from the 1960s
(for a review see Kment and Vilimova 2010), it was only recently that SEM techniques began to be employed in
systematized comparative studies of groups within Pentatomoidea and Pentatomidae. In the seminal work by
Kment and Vilimovéa (2010) the ESES in Pentatomoidea was characterized in detail, and standardized terminology
was proposed. They distinguished six types of peritreme in the superfamily: auricle, spout, groove, ruga, disc and
lobes; and highlighted the different parts composing the mushroom bodies of the evaporatorium: cap, stem,
bridges, alveoli and trabeculae. This work served as a basis for studies in Pentatomidae (Carpocorini) (Bardo et
al. 2017), Aphylidae (Kment et al. 2012) and Scutelleridaec (Weiler et al. 2017), however, the ESES fine
morphology of many other groups remain unstudied.

The labium has been considered of taxonomic value in Pentatomidae, frequently used in keys and diagnoses to
genera and species (e.g., Rolston and McDonald 1979; Grazia et al. 2015; Rider et al. 2018; Schuh and Weirauch
2020), being highly variable in length in most subfamilies. However, in the Janeirona Distant, 1911 clade (sensu
Sampaio and Campos 2023) of Discocephalinae, the proximal portion of labiomere II presents what previous
authors have named as “pseudo-segment" (Kormilev 1949, 1955, 1956), “pseudo-base” (Ruckes 1958), or
"intercalary segment” (Rolston 1992), what suggest different interpretations of the morphology and functionality
of the structure.

Discocephalinae is one of the 10 subfamilies of Pentatomidae, consisting of a Neotropical group with more than
300 species and 77 genera divided in two tribes, Discocephalini and Ochlerini (Grazia et al. 2015; Rider et al.,
2018); in the latter belongs the Janeirona clade composed by Adoxoplatys Breddin, 1903, Neoadoxoplatys
Kormilev, 1956, and Paropsocolis Sampaio and Campos, 2023 (Sampaio and Campos 2023). In this study we
investigate the morphology of the labium and ESES of the genera in the Janeirona clade, following a comparative

approach with species of other pentatomid genera.

Materials and Methods

A total of 15 species were studied using both light and scanning electron microscopy (SEM) (Table 1; Fig. 1):
nine species of the four genera of the Janeirona clade, Placocoris viridis Mayr, 1864, Macropygium reticulare
(Fabricius, 1803), Edessa rufomarginata (De Geer 1773), Euschistus heros (Fabricius 1798) and Chinavia
obstinata (Stal 1860). The last five species lack an intercalary segment, the usual condition in Pentatomidae, and
were included in the study as a proxy from which the labium of the species in the Janeirona clade is described.

The ESES of all 14 species are described following Barao et al. (2017).



The specimens examined belong to the following collections: AMNH: American Museum of Natural History,
New York, USA; CEIOC: Colecdo Entomolégica, Instituto Oswaldo Cruz, Rio de Janeiro, Brazil; MNRJ: Museu
Nacional do Rio de Janeiro, Rio de Janeiro, Brazil; MRCN: Museu de Ciéncias Naturais do Rio Grande do Sul,
Porto Alegre, Brazil; MZSP: Museu de Zoologia da Universidade de Sao Paulo, Sdo Paulo, Brazil; URFG:
Colegao de Hemiptera, Universidade Federal do Rio Grande do Sul, Porto Alegre, Brazil.

Labia and pleuron were relaxed using a modified Barber’s fluid mixture (Stueben and Linsenmair 2008), removed
using forceps and ophthalmic scalpel, kept submerged in contact lens cleaning solution for 48 hours and then
agitated in an ultrasonic bath (40 kHz) with water and detergent for 10 minutes. In sequence, the structures were
dried at 50°C for 48 hours, sputter-coated with carbon and gold and observed using a Zeiss Evo MA10 and a Zeiss
MEV-FEG/FIB Auriga scanning electron microscopes. The terminology follows Kment and Vilimova (2010) for
the external scent efferent system. Articulation movement of the labial intercalary segment was tested using two

forceps after submersion in hot water for 5 minutes.

Table 1. Species of Pentatomidae by subfamily used in this study. ESES: external scent efferent system.



Subfamily Species ESES Labium

T T
Discocephalinae Adoxoplatys comis Breddin, 1903 X X

Adoxoplatys brasiliensis Kormilev, 1951 X X
Adoxoplatys gallardoi Kormilev, 1951 X
Janeirona insignis Distant, 1911 X X
Janeirona bergi (Kormilev, 1956) X X
Janeirona costalimai (Piran, 1962) X
Janeirona flavipes Sampaio and Campos, 2024 X
Janeirona stenosa Sampaio and Campos, 2024 X
Neoadoxoplatys longirostra Ruckes, 1958 X
Macropygium reticulare (Fabricius, 1803) X X
Paropsocolis convergens Sampaio and Campos, 2023 X X
Placocoris viridis Mayr, 1864 X X
Edessinae Edessa rufomarginata (De Geer, 1773) X X
Pentatominae Chinavia obstinata (Stél, 1860) X X

Euschistus heros (Fabricius, 1798) X X




Fig. 1 Dorsal habitus of the studied species. a Adoxoplatys comis Breddin, 1903; b Adoxoplatys brasiliensis
Kormilev, 1951; ¢ Adoxoplatys gallardoi Kormilev, 1951; d Neoadoxoplatys longirostra Ruckes, 1958; e
Janeirona insignis Distant, 1911; f Janeirona bergi (Kormilev, 1956); g Janeirona costalimai (Piran, 1962); h
Janeirona flavipes Sampaio and Campos, 2024; i Janeirona stenosa Sampaio and Campos, 2024; j Paropsocolis
convergens Sampaio and Campos, 2023; k Placocoris viridis Mayr, 1864; 1 Macropygium reticulare (Fabricius,
1803); m Edessa rufomarginata (De Geer, 1773); n Euschistus heros (Fabricius, 1798); o Chinavia obstinata

(Stal, 1860). Scale bars = 5 mm.



Results
Labium
This section focuses on the proximal portion of the labiomere II, henceafter termed intercalary segment, observed
in all the Janeirona clade. Because we successfully simulated articulation movements between the labiomere 11
(Fig. 2, a) and the intercalary segment (Fig. 2, b), we chose the latter terminology instead of “pseudo-segment” or

“pseudo-base”.

Fig. 2 Labium of Adoxoplatys brasiliensis Kormilev, 1951, with the detail of intercalary segment. Scale bars: a =

1 mm, b =100 pm.

We were also able to identify intrinsic musculature and apodemes in the intercalary segment (Fig. 3), although it
was not possible to discern specific muscles and their insertion points inside the intercalary segment or the other

labial segments.



Fig. 3 Longitudinal section of intercalary segment of Adoxoplatys comis Breddin, 1903. Arrows indicates

apodemes. Scale bars: a =200 um, b =50 pm, ¢ =50 pm.

Species in the Janeirona clade
Adoxoplatys comis Breddin, 1903 (Figs 1a, 4a)
Intercalary segment constricted in the anteromedian portion, measuring approximately 1/5 of labiomere II;

ventroproximal surface with a row of three sensillae on each side; dorsal surface strongly dilated in distal portion.



Adoxoplatys brasiliensis Kormilev, 1951 (Figs 1b, 2, 4b)
Intercalary segment not constricted, measuring approximately 1/7 of labiomere II; ventroproximal surface with a

row of three sensillae on each side; dorsal surface strongly dilated in distal portion.

Adoxoplatys gallardoi Kormilev, 1951 (Figs 1c, 4¢)
Intercalary segment slightly constricted in the anteromedian portion, measuring approximately 1/6 of labiomere
II and wider than its proximal portion; ventroproximal surface with a row of three sensillae on each side; dorsal

surface strongly dilated in distal portion; laterodistal surface with a sensilla.

Neoadoxoplatys longirostra Ruckes, 1958 (Figs 1d, 4d)
Intercalary segment slightly constricted in the anteromedian portion, measuring approximately 1/5 of labiomere
II and wider than its proximal portion; ventroproximal surface slightly projected as flaps, with a row of three

sensillae on each side; ventrodistal surface with scale-like microsculptures; dorsal surface surface strongly dilated;

laterodistal surface with one long sensilla.

Fig. 4 Comparison of intercalary segments of a Adoxoplatys comis Breddin, 1903; b Adoxoplatys brasiliensis
Kormilev, 1951; ¢ Adoxoplatys gallardoi Kormilev, 1951; d Neoadoxoplatys longirostra Ruckes, 1958. Scale

bars = 100 pm.



Janeirona insignis Distant, 1911 (Figs le, 5a)
Intercalary segment not constricted, measuring approximately 1/10 of labiomere II and as wide as its proximal
portion; ventroproximal surface slightly projected as flaps, with a row of three sensillae on each side; ventrodistal

surface with scale-like microsculptures; dorsal surface not dilated; laterodistal surface with three long sensilla.

Janeirona bergi (Kormilev, 1956) (Figs 1f, 5b)
Intercalary segment not constricted, measuring approximately 1/8 of labiomere Il and as wide as its proximal
portion; ventroproximal surface slightly projected as flaps, with a row of three sensillae on each side; ventrodistal

surface with scale-like microsculptures; dorsal surface not dilated; laterodistal surface with three long sensilla.

Janeirona costalimai (Piran, 1962) (Figs lg, 5¢)

Intercalary segment not constricted, measuring approximately 1/5 of labiomere II and slightly wider than its
proximal portion; ventroproximal surface slightly projected as flaps, with a row of three sensillac on each side;
ventrodistal surface with scale-like microsculptures; dorsal surface not dilated; laterodistal surface with one long

sensilla.

Janeirona flavipes Sampaio and Campos, 2024 (Figs 1h, 5d)

Intercalary segment not constricted, measuring approximately 1/7 of labiomere II and slightly wider than its
proximal portionwider than it; ventroproximal surface slightly projected as flaps, with a row of three sensillae on
each side; ventrodistal surface with a scale-like microsculptures; dorsal surface not dilated; laterodistal surface

with one sensilla.

Paropsocolis convergens Sampaio and Campos, 2023 (Figs 1j, Se)
Intercalary segment not constricted, measuring approximately 1/10 of labiomere II and as wide as its proximal
portion; ventroproximal surface slightly projected as flaps, with a row of three sensillae on each side; ventrodistal

surface with scale-like microsculptures; dorsal surface not dilated; laterodistal surface with minute sensillae.
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Fig. 5 Comparison of intercalary segments of a Janeirona insignis Distant, 1911; b Janeirona bergi (Kormilev,
1956); ¢ Janeirona costalimai (Piran, 1962); d Janeirona flavipes Sampaio and Campos, 2024; e Paropsocolis

convergens Sampaio and Campos, 2023. Scale bars = 100 um.

Species outside the Janeirona clade

In all the other species studied (Fig. 6) the labiomere II is not subdivided by a surrounding suture. In P. viridis
(Fig. 6a), M. reticulare (Fig. 6b) and E. rufomarginata (Fig. 6¢) there is no discernible delimitation at all, but E.
heros (Fig. 6d) and C. obstinata (Fig. 6e) have a shallow impression on the lateral and dorsal surfaces, although
it does not surround the labium and lacks a membranous ventral surface. We failed to simulate articulation

movement in the proximal portion of labiomere II in any of these species, unlike in species of the Janeirona clade.

Fig. 6 Comparison of intercalary segments of a Placocoris viridis Mayr, 1864; b Macropygium reticulare

(Fabricius, 1803); ¢ Edessa rufomarginata (De Geer, 1773); d Euschistus heros (Fabricius, 1798); e Chinavia

obstinata (Stal, 1860). Scale bars = 100 pm.
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ESES

Species in the Janeirona clade (Fig. 7)

All species within the Janeirona clade share the following general ESES morphology. Ostiole elliptical, oriented
ventrolaterally, visible in lateral view, and placed closer to the metacoxal cavity than to the lateral margin of
metapleuron. Peritreme spout-shaped. Evaporatorium well-developed on meso- and metapleuron; on metapleuron,
extending from the area between the coxal cavities to the last third of the ostiolar plate; on mesopleuron, covering
part of the mesepimeron along the spiracular margin to the lateral pleural margin; evaporatorium with several

minute sensillac; mushroom bodies irregular, alveoli with several trabeculae. Metathoracic spiracle with filter

system processes of irregular diameter and connected to each other by lateral expansions.

Fig. 7 External scent efferent system map over the meso- and metapleuron of Janeirona insignis Distant, 1911.
Abbreviations: mf = peritremal median furrow; mse = mesopleural evaporatorium (blue shaded); mte =
metapleural evaporatorium (green shaded); o = ostiole; op = ostiolar plate (dashed line); p = peritreme (orange

shaded); s = spiracular filter system (pink shaded). Scale bar = 500 um.
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Adoxoplatys comis Breddin, 1903 (Figs 1a, 8)

Peritreme directed laterally; lateral margin round, elevated and parallel to the surrounding pleuron; median furrow
developed basally (Fig. 8b); peritremal surface covered with scale-like microsculptures and sparse sensillae (Fig.
8c). Metapleural evaporatorium with posterior and lateral margins elevated, lateral margin convex. Metathoracic

spiracle wide; filter system processes of irregular diameter and connected to each other by lateral expansions,

space between processes subequal to the width of one process (Fig. 8e).

Fig. 8 External scent efferent system of Adoxoplatys comis Breddin, 1903. a meso- and metapleuron; b peritreme;
¢ peritremal surface; d detail of evaporatorium; e spiracular filter system. Scale bars: a =500 um, b =100 pum, c,

d=10 pm, e =20 pm.

Adoxoplatys brasiliensis Kormilev, 1951 (Figs 1b, 9)

Peritreme directed laterally; lateral margin round, elevated and parallel to the surrounding pleuron; anterior margin
slightly folded backwards; median furrow well-developed (Fig. 9b); peritremal surface covered with scale-like
microsculptures (Fig. 9c). Metapleural evaporatorium with posterior and lateral margins elevated, lateral margin
convex. Metathoracic spiracle narrow; filter system processes of irregular diameter and connected to each other

by lateral expansions, space between processes subequal to the width of one process (Fig. 9¢).
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Fig. 9 External scent efferent system of Adoxoplatys brasiliensis Kormilev, 1951. a meso- and metapleuron; b
peritreme; ¢ peritremal surface; d detail of evaporatorium; e spiracular filter system. Scale bars: a = 500 um, b =

100 um, c—e =10 um.

Janeirona insignis Distant, 1911 (Figs le, 7, 10)

Peritreme directed anterolaterally, tapering towards its apex, elevated and parallel to the surrounding pleuron ;
median furrow well-developed (Fig. 10b); peritremal surface covered by scale-like microsculptures with serrate
margins (Fig. 10c). Metapleural evaporatorium with lateral margin elevated, sinuous. Metathoracic spiracle wide;
filter system processes of irregular diameter and connected to each other by lateral expansions, space between

processes approximately twice the width of one process (Fig. 10e).

Fig. 10 External scent efferent system of Janeirona insignis Distant, 1911. a meso- and metapleuron; b peritreme;

¢ peritremal surface; d detail of evaporatorium; e spiracular filter system. Scale bars: a =500 pm, b =300 um, c,

d=10 pm, e =20 pm.
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Janeirona bergi (Kormilev, 1956) (Figs 1f, 11)

Peritreme directed anterolaterally, tapering towards its apex, elevated and parallel to the surrounding pleuron;
median furrow well-developed (Fig. 11b); peritremal surface covered by scale-like microsculptures with serrate
margins (Fig. 11c). Metapleural evaporatorium with posterior and lateral margins slightly elevated, lateral margin
slightly convex. Metathoracic spiracle wide; filter system processes of irregular diameter and connected to each

other by lateral expansions, space between processes approximately twice the width of one process (Fig. 11e).

X

2 NG

Fig. 11 External scent efferent system of Janeirona bergi (Kormilev, 1956). a meso- and metapleuron; b
peritreme; ¢ peritremal surface; d detail of evaporatorium; e spiracular filter system. Scale bars: a = 500 um, b =

300 pm, ¢, b=10 pm, e =20 um.

Janeirona stenosa Sampaio and Campos, 2024 (Figs 1i, 12)

Peritreme directed anterolaterally, tapering towards its apex, elevated and parallel to the surrounding pleuron;
median furrow well-developed (Fig. 12b); peritremal surface covered by scale-like microsculptures with serrate
margins (Fig. 12¢). Metapleural evaporatorium with posterior and lateral margins elevated, lateral margin sinuous.
Metathoracic spiracle wide; filter system processes of irregular diameter and connected to each other by lateral

expansions, space between processes approximately twice the width of one process (Fig.12e).
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Fig. 12 External scent efferent system of Janeirona stenosa Sampaio and Campos, 2024. a meso- and
metapleuron; b peritreme; ¢ peritremal surface; d detail of evaporatorium; e spiracular filter system. Scale bars: a

=500 um, b =300 um, ¢, d =10 um, e =20 pm.

Paropsocolis convergens Sampaio and Campos, 2023 (Figs 1j, 13)

Peritreme directed anterolaterally, tapering towards its apex, elevated and parallel to the surrounding pleuron (Fig.
13b); median furrow poorly developed; peritremal surface covered by scale-like microsculptures with serrate
margins (Fig. 13c). Metapleural evaporatorium with posterior and lateral margins elevated, lateral margin
subrectilinear. Metathoracic spiracle wide; filter system processes of irregular diameter and connected to each

other by lateral expansions, space between processes aproximately twice the width of one process (Fig. 13e).

Fig. 13 External scent efferent system of Paropsocolis convergens Sampaio and Campos, 2023. a meso- and

metapleuron; b peritreme; ¢ peritremal surface; d detail of evaporatorium; e spiracular filter system. Scale bars: a

=500 um, b =300 um, ¢, d =10 um, e =30 pm.
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Species outside the Janeirona clade

All species outside the Janeirona clade share the following general ESES morphology. Ostiole elliptical, oriented
ventrolaterally, visible in lateral view. Evaporatorium well-developed on meso- and metapleuron; on
mesopleuron, covering part of the mesepimeron along the spiracular margin to the lateral margin of the

mesopleuron; evaporatorium with several sensillae; mushroom bodies irregular, alveoli with several trabeculae.

Placocoris viridis Mayr, 1864 (Figs 1k, 14)

Ostiole closer to the lateral margin of metapleuron than to the metacoxal cavity (Fig. 14a). Peritreme spout-shaped,
directed laterally, elevated and parallel to the surrounding pleuron; median furrow poorly developed (Fig. 14b);
peritremal surface with sparse sensillae, and covered by scale-like microsculptures (Fig. 14c). Evaporatorium, on
metapleuron, extending from the area adjacent to the mesocoxal cavities to the last third of the ostiolar plate, not
covering the postero-mesial part of the ostiolar plate; posterior margin concave, lateral margin slightly elevated
and convex (Fig. 13a); mushroom bodies irregular, alveoli with several trabeculae (Fig. 14d). Metathoracic
spiracle narrow; metapleural margin of spiracle with several sensillae; filter system processes of irregular diameter

and connected to each other by lateral expansions, space between processes approximately twice the width of one

process (Fig. 14e).

Fig. 14 External scent efferent system of Placocoris viridis Mayr, 1864. a meso- and metapleuron; b peritreme; ¢
peritremal surface; e detail of evaporatoriu; e spiracular filter system. Scale bars: a =500 um, b = 100 pm, c-e =

10 pm.

Macropygium reticulare (Fabricius, 1803) (Figs 11, 15)
Ostiole closer to the metacoxal cavity than to the lateral margin of metapleuron (Fig. 15a). Peritreme spout-shaped,

directed laterally, lateral margin round, elevated and parallel to the surrounding pleuron; median furrow poorly

17



developed (Fig. 15b); peritremal surface with wrinkled microsculpture (Fig. 15¢). Evaporatorium, on metapleuron,
extending from the area adjacent to the coxal cavities to half of the ostiolar plate, lateral margin slightly elevated,
subrectilinear (Fig. 15a). Metathoracic spiracle narrow; filter system processes of irregular diameter, surface with

numerous large, spine-like projections, some merging and connecting the processes to each other, space between

processes 1.5 times to twice the width of one process (Fig. 15¢).

Fig. 15 External scent efferent system of Macropygium reticulare (Fabricius, 1803). a meso- and metapleuron; b
peritreme; ¢ peritremal surface; d detail of evaporatoriu; e spiracular filter system. Scale bars: a=1 mm, b =200

pm, c-e = 10 um.

Edessa rufomarginata (De Geer, 1773) (Figs lm, 16)

Ostiole closer to the metacoxal cavity than to the lateral margin of metapleuron (Fig. 16a). Peritreme ruga-shaped,
directed anterolaterally, tapering towards its apex, elevated and parallel to the surrounding pleuron; median furrow
poorly developed (Fig. 16b); peritremal surface smooth (Fig. 16¢). Evaporatorium, on metapleuron, extending
from the area between the coxal cavities to the last third of the ostiolar plate, posterior and lateral margins slightly
elevated, lateral margin concave (Fig. 16a). Metathoracic spiracle narrow; filter system processes of irregular
diameter and connected to each other by lateral expansions, space between processes approximately twice the

width of one process (Fig. 16¢).
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Fig. 16 External scent efferent system of Edessa rufomarginata (De Geer, 1773). a meso- and metapleuron, b
peritreme; ¢ peritremal surface; d detail of evaporatorium; e spiracular filter system. Scale bars: a =1 mm, b =

200 pum, c-e =10 um.

Euschistus heros (Fabricius, 1798) (Figs 1n, 17)

Ostiole closer to the metacoxal cavity than to the lateral margin of metapleuron (Fig. 17a). Peritreme very reduced,
spout-shaped, directed laterally, lateral margin round, elevated and parallel to the surrounding pleuron; median
furrow well-developed (Fig. 17b); peritremal surface slightly wrinkled (Fig. 17¢). Evaporatorium well-developed
on meso- and metapleuron; on metapleuron, extending from the area between the coxal cavities to the last third
of the ostiolar plate, posterior and lateral margins slightly elevated, lateral margin slightly sinuous (Fig. 17a).
Metathoracic spiracle narrow; filter system processes of irregular diameter, not connected to each other; surface

with numerous spine-like projections, space between processes at least twice the width of one process (Fig. 17¢).

Fig. 17 External scent efferent system of Euschistus heros (Fabricius, 1798). a meso- and metapleuron; b

peritreme; ¢ peritremal surface; d detail of evaporatorium; e spiracular filter system. Scale bars: a = 500 um, b =

100 uym, ¢, d =10 um, e =20 um.
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Chinavia obstinata (Stal, 1860) (Figs 1o, 18)

Ostiole closer to the metacoxal cavity than to the lateral margin of metapleuron (Fig. 18a). Peritreme ruga-shaped,
directed anterolaterally, tapering towards its apex, parallel to the surrounding pleuron; median furrow well-
developed (Fig. 18b); peritremal surface covered with scale-like microsculptures with marginal spine-like
protuberances (Fig. 18c). Evaporatorium well-developed on meso- and metapleuron; on metapleuron, extending
from the area between the coxal cavities to the last third of the ostiolar plate, posterior and lateral margins not
elevated, lateral margin concave (Fig. 18d). Metathoracic spiracle narrow; filter system processes of irregular

diameter; surface with numerous spine-like projections, some merging and connecting the processes to each other,

space between processes approximately twice the width of one process (Fig. 18e).

Fig. 18 External scent efferent system of Chinavia obstinata (Stal, 1860). a meso- and metapleuron; b peritreme;
¢ peritremal surface; d detail of evaporatorium; e spiracular filter system. Scale bars: a=1 mm, b =100 um, ¢, d

=10 um, e =20 um.

Discussion

Labium

Arthropod mouthparts share developmental processes and controlling genes, a conserved feature in insect
evolution. Despite the underlying shared mechanisms, there is a strong tendency for morphological diversification
of the different mouthparts within restricted groups as a consequence of adaptations to lifestyle and diet, as seen
in most insect orders (Angelini and Smith 2019). Such plasticity led to the evolution of the unique hemipteran
segmented labium. In Heteroptera, the ancestral condition of a four-segmented labium is conserved in almost all
lineages, having evolved to three-segmented only in the Reduviidae as a result of the reduction of the first segment

(Weirauch 2008). The Corixoidea present a highly modified labium, shortened and triangular, without apparent
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segmentation (Brozek 2014). More subtle variation is found in several lineages presenting the conserved four-
segmented labium, as documented in a few Pentatomoidea. The predacious pentatomids in the subfamily Asopinae
show a modified labium-head articulation that allows the rostrum to turn full forward, a feature that has been
linked to predation (De Clerq 2000) along with the labium being robust, thickened (Gapud 1991). In Cydnidae
the genus Prolobodes Amyot and Serville has an expanded second labial segment, forming a sacciform
compartment where the stylets are coiled (Costa Lima 1940; Martinez 2002). The presence of an intercalary
segment has not been observed, to our knowledge, in any group of ground Heteroptera other than the Janeirona
clade.

We have identified two types of intercalary segments, both represented by the subdivision of labiomere II by a
surrounding suture. The first type is found in Neoadoxoplatys and Adoxoplatys, in which the dorsal surface is
strongly dilated in the distal portion, and the distal articulation is completely functional, allowing a wide angular
range of motion. The second type, in Janeirona and Paropsocolis, shows a more flat, not dilated dorsal surface,
and the distal articulation partially functional, allowing only a restricted angular movement. The first type is more
easily discernible in steromicroscopy, and usually represented by longer intercalary segments compared to the
second type. It is important to highlight that although the total length of the labium varies among species in the
Janeirona clade, there is no correlation between the labial length and the length of the intercalary segment; the
latter shows no significant variation between species within each genus (Sampaio and Campos 2023; Sampaio et
al. 2024, in press). Additionally, we observed in the pentatomines E. heros and C. obistinata a dorsal suture at the
distal portion of the base of labiomere II, though not surrounding the labiomere and thus not characterizing an
articulation.

Based on the genera presenting each type of intercalary segment, and considering the phylogenies available (Roell
and Campos 2019; Sampaio and Campos 2023), we hypothesize the intercalary segment arose in the ancestor of
the Janeirona clade, then reduced in the ancestor of the clade formed by the genera Janeirona and Paropsocolis.
A more complete understanding on the ontogeny, function and evolution of the intercalary segment will require

behavioral, histological and developmental studies.

ESES
We found little correspondence between the ESES structure and taxonomy. Most species studied have well
developed metapleural evaporatoria (reduced in the ochlerine M. reticulare) with elevated lateral margins (not

elevated in the pentatomine C. obstinata). The most frequent peritreme was the spout-shaped (ruga-shaped only
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in C. obstinata), reduced in the pentatomine E. heros. The filter system of the metathoracic spiracle in most species
showed processes connected to each other by lateral expansions, but not connected in E. heros, and presenting
spine-like projections in M. reticulare, E. heros, and C. obstinata.

The edessine E. ruformarginata was the non-Ochlerini species sharing more morphological features of the ESES
with the Janeirona clade. Although a robust phylogeny of subfamilies of Pentatomidae is still lacking,
morphological and molecular data indicate a possible closeness between Discocephalinae and Edessinae (Roell
and Campos 2019; Roca-Cusachs et al. 2022; Genevcius 2024). Whether our results reflect an evolutionary
relationship is yet to be investigated with the inclusion of more taxa under a phylogenetic framework. The same
applies to the possible relationship between Placocoris and the Janeirona clade, which has been proposed by
Thomas (2021) based on characters of pronotum, legs and genitalia, a hypothesis also not yet submitted to
phylogenetic testing.

The scale-like microstructure present on the peritreme surface of several studied species, such as 4. brasiliensis,
J. bergi, and P. convergens, may facilitate the movement of odorous secretion from the ostiole towards the
evaporatorium. A directional flux facilitation has been demonstrated in similar peritreme surfaces of the
pentatomine Palomena prasina and Rhaphigaster nebulosa (Hischen et al. 2018) in a study on biomimetic
materials. However, we cannot ascertain if fluid secretion would behave the same way in the species we studied,
due to the differences between the shape of their scales compared to those in P. prasina and R. nebulosa.

This study expands the investigation into the fine morphology of ESES, providing novel information for the tribe
Ochlerini, in addition to presenting the first characterization, via scanning electron microscopy, of the labial
intercalary segment in species of the Janeirona clade. The data presented herein may be useful in future studies
focusing on the morphology of Discocephalinae and Pentatomidae, as well as in broader taxonomic and

phylogenetic studies aiming to establish a natural classification of the subfamilies in Pentatomidae.
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TABLE AND FIGURE CAPTIONS

Table 1. Species of Pentatomidae by subfamily used in this study. ESES: external scent efferent system.

Fig. 1 Dorsal habitus of the studied species. a Adoxoplatys comis Breddin, 1903; b Adoxoplatys brasiliensis
Kormilev, 1951; ¢ Adoxoplatys gallardoi Kormilev, 1951; d Neoadoxoplatys longirostra Ruckes, 1958; e
Janeirona insignis Distant, 1911; f Janeirona bergi (Kormilev, 1956); g Janeirona costalimai (Piran, 1962); h
Janeirona flavipes Sampaio and Campos, 2024; i Janeirona stenosa Sampaio and Campos, 2024; j Paropsocolis
convergens Sampaio and Campos, 2023; k Placocoris viridis Mayr, 1864; 1 Macropygium reticulare (Fabricius,
1803); m Edessa rufomarginata (De Geer, 1773); n Euschistus heros (Fabricius, 1798); o Chinavia obstinata

(Stal, 1860). Scale bars = 5 mm.

Fig. 2 Labium of Adoxoplatys brasiliensis Kormilev, 1951, with the detail of intercalary segment. Scale bars: a =

1 mm, b =100 um.

Fig. 3 Longitudinal section of intercalary segment of Adoxoplatys comis Breddin, 1903. Arrows indicates

apodemes. Scale bars: a =200 um, b =50 pm, ¢ =50 pm.

Fig. 4 Comparison of intercalary segments of a Adoxoplatys comis Breddin, 1903; b Adoxoplatys brasiliensis
Kormilev, 1951; ¢ Adoxoplatys gallardoi Kormilev, 1951; d Neoadoxoplatys longirostra Ruckes, 1958. Scale

bars = 100 pm.

Fig. 5 Comparison of intercalary segments of a Janeirona insignis Distant, 1911; b Janeirona bergi (Kormilev,
1956); ¢ Janeirona costalimai (Piran, 1962); d Janeirona flavipes Sampaio and Campos, 2024; e Paropsocolis

convergens Sampaio and Campos, 2023. Scale bars = 100 um.

Fig. 6 Comparison of intercalary segments of a Placocoris viridis Mayr, 1864; b Macropygium reticulare

(Fabricius, 1803); ¢ Edessa rufomarginata (De Geer, 1773); d Euschistus heros (Fabricius, 1798); e Chinavia

obstinata (Stal, 1860). Scale bars = 100 pm.
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Fig. 7 External scent efferent system map over the meso- and metapleuron of Janeirona insignis Distant, 1911.
Abbreviations: mf = peritremal median furrow; mse = mesopleural evaporatorium (blue shaded); mte =
metapleural evaporatorium (green shaded); o = ostiole; op = ostiolar plate (dashed line); p = peritreme (orange

shaded); s = spiracular filter system (pink shaded). Scale bar = 500 pm.

Fig. 8 External scent efferent system of Adoxoplatys comis Breddin, 1903. a meso- and metapleuron; b peritreme;
¢ peritremal surface; d detail of evaporatorium; e spiracular filter system. Scale bars: a =500 um, b =100 pum, c,

d=10 pm, e =20 pm.

Fig. 9 External scent efferent system of Adoxoplatys brasiliensis Kormilev, 1951. a meso- and metapleuron; b
peritreme; ¢ peritremal surface; d detail of evaporatorium; e spiracular filter system. Scale bars: a = 500 um, b =

100 pm, c—e =10 um.

Fig. 10 External scent efferent system of Janeirona insignis Distant, 1911. a meso- and metapleuron; b peritreme;
¢ peritremal surface; d detail of evaporatorium; e spiracular filter system. Scale bars: a =500 um, b =300 pum, c,

d=10 pm, e =20 pm.

Fig. 11 External scent efferent system of Janeirona bergi (Kormilev, 1956). a meso- and metapleuron; b
peritreme; ¢ peritremal surface; d detail of evaporatorium; e spiracular filter system. Scale bars: a = 500 um, b =

300 pm, ¢, b =10 pm, e =20 um.

Fig. 12 External scent efferent system of Janeirona stenosa Sampaio and Campos, 2024. a meso- and
metapleuron; b peritreme; ¢ peritremal surface; d detail of evaporatorium; e spiracular filter system. Scale bars: a

=500 um, b =300 um, ¢, d =10 um, e =20 pm.

Fig. 13 External scent efferent system of Paropsocolis convergens Sampaio and Campos, 2023. a meso- and

metapleuron; b peritreme; ¢ peritremal surface; d detail of evaporatorium; e spiracular filter system. Scale bars: a

=500 pm, b =300 pm, ¢, d =10 um, e =30 um.
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Fig. 14 External scent efferent system of Placocoris viridis Mayr, 1864. a meso- and metapleuron; b peritreme; ¢
peritremal surface; e detail of evaporatoriu; e spiracular filter system. Scale bars: a =500 pum, b = 100 pm, c-e =

10 pm.

Fig. 15 External scent efferent system of Macropygium reticulare (Fabricius, 1803). a meso- and metapleuron; b
peritreme; ¢ peritremal surface; d detail of evaporatoriu; e spiracular filter system. Scale bars: a =1 mm, b =200

pm, c-e = 10 um.

Fig. 16 External scent efferent system of Edessa rufomarginata (De Geer, 1773). a meso- and metapleuron, b
peritreme; ¢ peritremal surface; d detail of evaporatorium; e spiracular filter system. Scale bars: a =1 mm, b =

200 um, c-e =10 um.

Fig. 17 External scent efferent system of Euschistus heros (Fabricius, 1798). a meso- and metapleuron; b
peritreme; ¢ peritremal surface; d detail of evaporatorium; e spiracular filter system. Scale bars: a = 500 um, b =

100 pm, ¢, d =10 pm, e =20 um.

Fig. 18 External scent efferent system of Chinavia obstinata (Stal, 1860). a meso- and metapleuron; b peritreme;

¢ peritremal surface; d detail of evaporatorium; e spiracular filter system. Scale bars: a=1 mm, b =100 um, ¢, d

=10 pm, e =20 um.
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