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ABSTRACT. The pine processionary moth Thaumetopoea pityocampa (Denis & Schiffermudiller, 1755) is widely
distributed in Mediterranean areas where its larval phases colonize different Pinus species, often inducing a
complete defoliation. According to the most common pattern in Insects, T. pityocampa shows a size dimor-
phism, with males being smaller than females. Despite its great socioeconomic relevance, the morphological
characteristics of this species are still not well-documented. Available studies mainly focus on general mor-
phology, biological cycle and ecological traits, thus leaving a knowledge gap on this topic. Here, we provide for
the first time a detailed morphological description of T. pityocampa adults with particular emphasis on sexual
dimorphism through an in-depth analysis under both stereomicroscope and scanning electron microscope.
The shape and distribution of scales in the wings of males and females have been evaluated to reveal putative
differences in their morphology and/or location and the hindwings of males have a much greater number of
hairy scales. Since insects rely on their antennal sensilla to accomplish vital cues, including mate selection and
host plant recognition, we investigated the antennal arrangement and the distribution of sensilla in both sexes.
A notable dimorphism in the length of the lateral branches of the antennae was highlighted but no differences
were observed in the general distribution of the sensilla. Males possess exclusively one type of trichoid sensilla
(type 1), which are longer than those observed in females.

KEYWORDS. Morphology, scanning electron microscopy, sexual dimorphism, sensorial pattern, wing scales.
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INTRODUCTION

Thaumetopoeinae includes about 100 species of moths
in 20 genera widely distributed across the Palearctic, Asia,
Australasia, New Caledonia, and Australia (Schintlmeister
2013, Battisti et al. 2017, St. Laurent et al. 2025). The pine
processionary moth, Thaumetopoea pityocampa (Denis &
Schiffermiiller, 1755), is a polyphagous Thaumetopoeinae
species that feeds on Pinus, Cedrus and Larix. It has recently
been distinguished from its sister species T. mediterranea
Trematerra & Scalercio, 2017 and T. hellenica Trematerra &
Scalercio, 2017 (Trematerra et al. 2017) and, in Mediterra-
nean black pine forests, represents the most abundant spe-
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cies among nocturnal macromoth communities (Scalercio
and Greco 2018, Azcdrate et al. 2023).

As with most Thaumetopoeinae, it is considered an
univoltine species, and its caterpillars, which possess urti-
cating setae, colonise the leaves of host plants (Battisti et al.
2017, Pimentel et al. 2006).

The females lay their eggs (70-300) on the ends of the
pine branches, it is building a sticky cocoon and covering
it with the scales from the last segments of their abdomen.
Hatching occurs after 35-40 days. During the development
period, which includes five instars, larvae are gregarious and
can move around the tree while building silky nests where
they overwinter. Once development is complete, they move
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in their characteristic procession, searching for a suitable
ground as a pupation site. Pupae rest in a cocoon below the
ground until the adult flies at night during summer, but some
individuals enter prolonged diapause, which may endure
more than a year (Trematerra and Colacci 2019, Salman et
al. 2016), resulting in a semivoltine life cycle.

Thaumetopoea pityocampa is recognized as one of the
most damaging pests in Mediterranean pine forests because
larval foraging can severely affect the diameter and volume
of the tree, often causing complete defoliation (Bonamonte
et al. 2013, Ferracini et al. 2023, Mantzoukas et al. 2024). As
a thermophilous species, T. pityocampa is widely distributed
in Mediterranean Europe, but its range is expanding rapidly
northward and upward. This phenomenon is largely driven
by improved winter survival rates due to global warming,
as higher winter temperatures significantly influence larval
development (Battisti et al. 2006, Salman et al. 2016). The
observed increase in outbreak areas and the predicted impact
on forests in the coming decades raise great concern about
maintaining tree growth potential and related forest produc-
tivity (Salman et al. 2016, Ferracini et al. 2023, Pimentel et
al. 2006). Caterpillars are also recognized as a serious public
health issue because their urticating setae are known to
induce rashes and severe allergic responses in humans and
domesticated animals (Azcérate et al. 2023, Battisti et al. 2017).

Despite its great economic importance and being the
most studied species of the Thaumetopoea genus, the mor-
phological characteristics of this species are surprisingly not
well-documented. Previous studies have primarily focused
on general morphology, biological cycles, and ecological
traits, leaving a knowledge gap in detailed morphological
characterization (Agenjo 1941, Basso et al. 2016, 2017, 2023,
Trematerra and Colacci 2018).

On this basis, we provide a detailed morphological
description for the first time of T. pityocampa, with particular
emphasis on sexual dimorphism.

One of the most characteristic features of butterflies
and moths (Lepidoptera) are wings covered with scales.
These chitin extensions may confer different colour patterns
to wings depending on pigmentation and light interaction
(Wang et al. 2022, Zeng et al. 2011, Gomez et al. 2021). They
are not limited to the wings and typically cover the entire
body, being involved in several functions, including thermo-
regulation, antipredator strategies, signaling during mating
behavior,communication, and water repellency (Zeng et al.
2011, Gomez et al. 2021). Research on the scales of T. pityo-
campa is currently limited, with only three studies focusing
on the color and shape of scales covering egg batches as
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diagnostic characters for species recognition (Tsankov et al.
1991, Doganlar et al. 2005, ipekdal et al. 2016).

To fill this gap, here we evaluated the shape and distri-
bution of scales in the wings of males and females to reveal
potential differences in their morphology and/or location.

The antennae of insects act as sensory organs that
allow them to explore and perceive their environment.
They are equipped with a series of sensilla, each perform-
ing distinct sensory functions: olfactory, tactile, gustatory,
and thermo-/hygro-reception (Amat et al. 2022, Varga et al.
2023). Sensilla are classified according to their morphology
which, along with their distribution in the body region,
allows their functional determination (Schneider 1957,
Steinbrecht 1970, Zacharuk 1985, Taszakowski et al. 2023).
The general structure of the antenna and sensilla varies
among taxa, and an outstanding variety has been reported
in Lepidoptera, within and between diurnal and nocturnal
species (Li et al. 2024). Moreover, previous investigations
revealed a sex-related difference in the types and functions
of antennal sensilla (Ma and Du 2000, Ndomo-Moualeu et
al. 2014). In moths, the morphology of antennae has been
investigated in several species (Pophof et al. 2005, Sun et
al. 2011); however, as far as we know, no previous study has
investigated the antennal sensilla of T. pityocampa.

Given that antennal morphology, as well as the
number and types of sensilla, vary among many Noctuidae
moths, we performed a qualitative morphological assess-
ment to define the sensilla types and their distribution in
males and females. Moreover, a morphometric analysis of
antennae and sensilla in both sexes has been carried out to
allow for a more objective evaluation.

The present study aimed to gather significant morpho-
logical data on Thaumetopoea pityocampa, emphasising the
sexual dimorphism, to address a gap in the existing literature.
To the best of our knowledge, this is the first study docu-
menting the morphological, morphometric, and functional
features of wings and antennae in T. pityocampa by Ultra
High-Resolution SEM. Given the ecological and economic
significance of T. pityocampa, one of the most destructive
pests affecting Mediterranean black pine forests, the findings
of this study provide essential knowledge to support the
development of novel control strategies.

MATERIAL AND METHODS
Studied specimens (n = 16,8 males and 8 females) were

collected in Calabrian black pine (Pinus nigra J.F. Arnold
subsp. laricio Palib. ex Maire) dominated forests of the Sila
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Massif, Calabria, southern Italy. Samplings were performed
by using UV-LED light traps (Infusino et al. 2017) during
comprehensive monitoring of forest macro-moth commu-
nities (Scalercio and Greco 2018). Both males and females
were collected on 5th of July 2016 in the locality Mangia-
toie (coordinates: 39.2380°N; 16.6647°E), San Giovanni in
Fiore municipality, Cosenza province, at an altitude of 1,270
meters. Specimens were preserved pinned, then, they were
spread on setting boards for Lepidoptera in accordance with
standard protocols (Gullan and Cranston 2014). Forewings
were positioned on the setting board the morning after
their collection, with the posterior margin forming about
90° with the body axis. Only the anterior margin of the
hindwings was settled below the forewings, with most of
the hindwing surface visible. The material was deposited in
the Lepidoptera collection of the Wildlife Management and
Forest Biodiversity Lab of the Research Centre for Forestry
and Wood, Rende, Italy.

For morphological observations, the dried specimens
were photographed using a Nikon Research Stereo Micro-
scope SMZ25. For scanning electron microscope (SEM), the
dried samples were attached to a holder using electrically
conductive adhesive tape, sputter-coated with graphite
in a Sputter-Carbon Coater (QUORUM Q150T-ES) and
examined under Ultra High-Resolution UHR-SEM ZEISS
CrossBeam 350, operating at an accelerating voltage of 15
kV. Observations were performed at the Microscopy and
Microanalysis Centre (CM2), University of Calabria, Italy.
For sensilla terminology were referred to Schneider (1964)
and Varga et al. (2023).

Statistical analyses were run in GraphPad Prism 8.00
(GraphPad Software Inc., San Diego, CA, USA) at a significance
level of 0.05. The data, presented as mean + standard error
of the mean, were analyzed using the “unpaired t test”, the
normality assumption was verified using the Shapiro-Wilk
test and equality of variances was evaluated with the F-test.

RESULTS

Sexual dimorphism in T. pityocampa is evident. Males
are smaller and equipped with bipectinate antennae with
elongated rami, while females are larger and have antennae
with shorter branches (Fig. 1A, B).

Females

The head of the female is light brown and has bipecti-
nate antennae. In the central middle region of the head,
a chitinous brown and shiny frontal process (canthus) is
well distinguishable, showing five teeth, the first of which
is longer than the remaining four (Fig. 2A). The eyes are
large and located in a ventrolateral position. Females show
athorax covered by light-brown hairs (Fig. 2B) and a promi-
nent cylindrical abdomen. The abdomen is ochraceous with
dark bands, and its last segments hold a tuft of long hairs
that partially covers the large anal papillae scales (Fig. 2C).
The bipectinate antennae, from which arise short lateral
branches, are ochraceous (Fig. 2D).

The coloration pattern of the forewing and hindwing
is different (Fig. 1A). The forewings have a light brown
background with three thin, blackish transverse bands and

Figure 1. Adults Thaumetopoea pityocampa: (A) female and (B) male. The coloration pattern of both forewing and hindwing
did not differ between the sexes. The thorax and abdomen of the male show longer and more numerous hairs. Note the

bipectinate antennae of the male holding long branches.
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Figure 2. Thaumetopoea pityocampa female. (A) canthus in ventral view, a chitinous brown and shiny frontal process show-
ing five teeth. (B) thorax in dorsal view, covered by light-brown hairs -like setae; (C) abdomen in dorsal view, patterned
with ochraceous abdomen and dark bands, note the tuft of long hairs that covers the large anal scales; (D) bipectinate
antennae bearing short lateral branches; (E) forewings in dorsal view showing an obscure pattern, note the fringed termen
alternatively, colored in brown and white; (F) hindwing in dorsal view exhibiting a disruptive coloration, note the round
black spot. Scale bar = 1Tmm.
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are crossed by dark and evident brown veins (Fig. 2E). The
margins of the costa are darkly marked, while the fringed
termen alternating brown and white. Hindwings (Fig. 2F)
are whitish-cream with hairy-fringed margins and a defined
dark analspot. The distal margin is light-brown-cream, and
honey-colored veins cross the wing.

Males

Head morphology of males is similar to described for
females except for the dimorphic antennae (see below, Fig. 3A)
and the thorax is covered by numerous long dark brown hairs
(Fig.3B). The abdomen is less developed than that of females,
and it is equipped with a greater amount of hair. It has a char-
acteristic conic shape and is dark ochre, with smaller and less
evident brown bands than those observed in females (Fig. 3C).
Antennae, bipectinate, ochraceous colored, lateral branches
much more developed than those observed in females, giv-
ing them a plumose appearance (Fig. 3D). As in females, the
forewing and hindwing exhibit different coloration patterns
(Fig. 1B). Forewings (Fig. 3E) light brown with a darker costal
margin. The margins of the costa are darkly marked, and the
termen shows brown and white fringe. Yet, the males’forewing
surface is crossed by darker veins that branch across and by
three vertical dark brown to black lines (Fig. 3E). Hindwing
(Fig. 3F) coloration pattern is similar to that of females with a
whitish cream base color, suffused with brown along the distal
margin and with an evident circular dark analspot.

Wings

Three types of scales can be distinguished: type a)
piliform scales, monofid, thin and elongated, similar to
bristles; type b) lamellar scales, showing a notched apex;
type c¢) border scales, deeply elongated with two or more
projections on an apical border (Fig. 4A-C).

The overall morphology of each type of scale is the
same in both sexes, but they are arranged differently in
males and females.

In female forewings, lamellar scales cover the central
area, while piliform scales are less numerous and scattered
throughout the entire wing surface (Fig. 4B, C). Lamellar scales
mainly show a single notch at their apical fin (Fig. 4C). Border
elongated marginal scales are found only along the wing’s
outer edge (Fig. 4A, D). The piliform and lamellar scales are
distributed in the central area on the hindwings. Along the
termen, in addition to the long border scales, numerous pili-
form scales could be seen, forming a dense covering (Fig. 4E).

In male forewings (Fig. 4F), the central area is cov-
ered by lamellar scales and sparse piliform scales (Fig. 4G).
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Lamellar scales often have three or more apical projections
(Fig. 4H). Near the upper edge of the wing, lamellar scales
are positioned like roof tiles (Fig. 4I). The border scales are
distributed only along the wing margin. Both lamellar and
piliform scales on the hindwings in the central area (Fig. 4)),
but the latter are much more numerous and densely cover
the other scales (Fig. 4K). As in females, along the termen,
we found border scales and numerous piliform scales that
form a hairy covering of the wings (Fig. 4L).

Chitinous wing scales have a highly structured upper
lamina, which consists of a series of parallel ridges/ribs made
of slightly overlapping lamellae running along their entire
length. From the lateral wall of each rib, short micro-ribs
depart perpendicularly. Due to their different lengths, not
all the micro ribs extend to the adjacent ridge. They are
called cross-ribs when they reach the adjacent ridge, con-
necting them to each other. Parallel cross-ribs originate in
a structure with more or less large windows that open onto
the scale lumen. This general arrangement is similar across
the three scale types, but some differences become evident
upon further magnification.

In the piliform scales (type a), the ribs are distant from
each other by 1+0.05 pum. Cross ribs that join adjacent ribs
leave a large window (Fig. 5A). In the lamellar and border
elongated scales (types b and c), the ribs are distant from
each other by 1.3+0.07 um. Cross-ribs appear like a reverse
C-shaped structure; no large window is found at the center
of this membranous structure, but there are some small
perforations (Fig. 5B, C).

Antennae

Antenna consists of a scape, a pedicel, and a bipecti-
nate flagellum. The length of the antennae is significantly
greater in females, and this results from a significantly longer
flagellomeres, while the number does not differ significantly
between males and females (Fig. 1A, B; Table 1). Two lateral
branches arise from flagellomeres, which differ significantly
between sexes, with males having longer branches (Table 1).
The length of the branches is not uniform along the flagel-
lomeres and increases progressively from the proximal to the
median region and then decreases towards the distal region.
At tip of antenna some elongated scales are visible. The sur-
face of the scape and peduncle, as well as the dorsal surface
of the flagellum, is covered with overlapping lamellar scales.

Females

Antennae total length measure 8.9 + 0.4 mm, and each
flagellomere measures 208.99 + 8 um. The length of lateral

5/15



siLEn

&% ZOOLOGIA

o5+ An International Journal for Zoology F. Talarico et al.

(SPADE
>
%%0013°

Figure 3. Thaumetopoea pityocampa male. (A) head in dorsal view, canthus could be observed along with the eyes located
in a ventrolateral position;.(B) thorax in dorsal view, covered by long dark brown hairs-like setae; (C) abdomen in dorsal
view, less developed than in females, equipped with a greater amount of hair; note the characteristic conic shape; (D)
bipectinate antenna bearing well-developed lateral branches;(E) forewings in dorsal view; (F) hindwing. Scale bar=1 mm.
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Figure 4. Scanning Electron Microscopy (SEM) images of wing scales of females (A-E) and males of Thaumetopoea pityocam-
pa (F- L). (A) differential distribution of piliform, lamellar, and border scales, scale bar = 200 um; (B) further enlargement
showing the elongated monofid piliform scales and the lamellar scales, scale bar = 30 pm; (C) detail of lamellar scales
showing a notch at their apical fin, scale bar = 30 um; (D) detail of elongated border scales, note the apical border with
two or more projections, scale bar = 30 pum; (E) numerous piliform scales that cover border scales along the termen, scale
bar = 100 um; (F) differential distribution of piliform, lamellar, and border scales, scale bar = 300 um; (G) lamellar scales
and sparse piliform scales in the central area of forewings, scale bar = 40 um; (H) further enlargement showing three or
more projections at their apical border, scale bar =10 pum; (1) lamellar scales positioned like roof tiles near the upper edge
of the wings, scale bar =10 um; (J) lamellar and piliform scales on the hindwings in the central area, scale bar = 10 um; (K)
numerous piliform scales that densely cover the other scales, scale bar = 30 um; (L) numerous piliform scales cover border
scales along the termen, scale bar = 200 pm. arrow black: piliform scales; arrow white: lamellar scales; white arrowhead:
border scales.
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Figure 5. Scanning Electron Microscopy (SEM) images of scales of Thaumetopoea pi

ityocampa in high magnification showing

the highly structured upper lamina. (A) piliform scales (type a), scale bar = 2 um; (B) lamellar scales (type b), scale bar =1
um; (C) border scales (type c), scale bar =1 um. star: ribs; #: crossribs; white arrow: lamellae; white head arrow: windows;

black arrow: perforations.

branches is 248.5 + 35 um (Table 1). The dorsal surface of the
antenna is widely covered by scales, whereas the sensilla are
only distributed on the lateral branches (Fig. 6A). Coeloconic
sensilla are the most abundant and almost uniformly cover
the branch surface and exhibit a typical leaf-like shape (Fig.
6B). Each sensillum shows a flattened rough surface with
numerous pores (Fig. 7A, B). They exhibit a certain degree
of morphological variability, and it is possible to recognize
narrow sensilla with a single tip and larger sensilla with
two or more apical tips (Fig. 7A). Each tip shows a pore at
its apical end, and in females, they are significantly more
developed than in males (Table 1).

There are three sensilla chaetica of similar length
(45.7 £ 15 um) at the apical region of each branch which
are significantly longer than in males (Table 1). Each sen-
sillum arises from a socket and has a robust appearance,
with a single pore at its end. The diameter of their setal
shaft gradually decreases from the proximal to the distal
portion. The external surface is thick and shows longitudinal
grooves (Fig. 8A).

In the same area, it is possible to observe a few long,
flagellate trichoid sensilla (type 1) (Fig. 8B). Numerous

shorter trichoid sensilla (type 2) of 26.668 + 1.1 um in length
(Tab.1) are distributed along the axis of the branches scat-
tered through the coeloconic sensilla. The surface of trichoid
sensilla, both type 1 and 2, shows a spiral annulations pattern
(Figs 6B and 8B, C).

Males

Antennae of males (Fig. 8D) measure 7.75 + 0.3 mm
in length, and each flagellomere is 169 + 5 um long. The
length of lateral branches is 417.3 + 20.8 um (see Table 1).
As in females, the dorsal surface of the antenna is densely
covered by scales, whereas sensilla cover the lateral branches.
Coeloconic sensilla densely covered the surface of branches.
As in females, they are characterized by one or more tips
that show a length of about 1.4+0.4 pm. It is also possible
to recognize three long sensilla chaetica with a length of
27.6x7.3 um in the apical portion of each branch.

In males, only one type of sensillum trichodeum (type
1) was observed (Fig. 8D). They are significantly longer than
those observed in females (86.7 + 6.2 pum) and are mainly
distributed on the ventral side of the branches (Fig. 8D).
Their surface shows the typical spiral annulation pattern.

Table 1. Morphometric measurements of antennae of T. pityocampa (significance level of 0.05). SEM: standard error of the
mean; df: degree of freedom; F: F-test; p: p-value). Asterisk indicates significance.

Female Male Unpaired t test
Structures

Mean SEM Mean SEM F df p
Antennae (mm) 8.9 0.4 7.75 0.3 1.778 9 0.0340*
Flagellomere (um) 208.9 8.0 169.00 5.0 2.560 9 0.0005%**
Lateral branches (um) 248.5 35.0 417.30 20.8 2.831 9 0.0006***
Sensilla chetica (um) 45.7 15.0 27.60 7.3 4.222 9 0.0431*
Tips (s. coeloconica) (um) 2.2 0.2 1.40 0.4 7111 9 0.0074**
Sensilla tricoidea type 1 (um) 82.6 2.4 86.70 6.2 6.674 9 0.0093**
Sensilla tricoidea type 2 (um) 26.7 1.1 - - - - -
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Figure 6. Scanning Electron Microscopy (SEM) images of
antennae of females of Thaumetopoea pityocampa.(A) dorsal
surface, scale bar = 100 um; (B) antennal branch (pectin),
scale bar =10 pm. black arrow: scales; white arrow: branch-
es; star: coeloconic sensilla. The dorsal surface is covered
by scales; note the short lateral branches equipped with
sensilla (A). Coeloconic sensilla, representing the most abun-
dant type of sensilla, uniformly cover the branches’surface.
Scattered through the branches, trichoid sensilla of type 2
could also be seen (B).

DISCUSSION

In this study, we provide a description of Thaume-
topoea pityocampa, with particular emphasis on sexual
dimorphism, thus enhancing the limited information
available on this subject. Regarding general morphology,
we have confirmed that males are smaller than females but
are characterized by antennae equipped with significantly
more developed lateral branches. Additionally, the male’s
thorax and abdomen are covered with a dense layer of hair.
Although wing coloration is not a reliable characteristic for

ZOOLOGIA 43: 25055 | https://doi.org/10.1590/S1984-4689.v43.e25055 | May 25,2026
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Figure 7. Scanning Electron Microscopy (SEM) images of
antennal branch of Thaumetopoea pityocampa female. (A)
equipped with coeloconic sensilla, scale bar = 10 um. It is
possible to recognize narrow sensilla that end with a single
tip and larger sensilla with two or more tips at their apex;
(B) higher magnification showing a flattened rough surface
of coeloconic sensilla, scale bar = 3 um. Note the pore at
the apical end of tips. star: coeloconic sensilla; white circle:
tips; white square: rough surface of tips; black arrow = pore.

distinguishing males from females, microscopic examina-
tions show that males have a number abundance of hairy
structures on their hindwings.

Wings

Lepidoptera wings are characterized by the presence of
scales, which are colored by both structural and pigmentary
phenomena, resulting in opaque color patterns (Stavenga
2014, Gomez et al. 2021). These patterns could be involved
in different functions, including mate attraction, antipreda-
tor defences (camouflage, deflection, and aposematism),
thermoregulation, sound production, or sound resonation
(Mallet and Singer 1987, Nakano et al. 2008). As reported in
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Figure 8. Scanning Electron Microscopy (SEM) images of sensilla chaetica of Thaumetopoea pityocampa (A-C) female and

(D) male located at the apical region of each antennal branch; (A-B) note the socket at the base of each sensillum and
longitudinal grooves on their external surface scale bar = 10 um. (B) trichoid sensilla of type 1, note the elongated shape
and the annulation in their external surface, scale bar = 10 um. (C) shorter trichoid sensilla of type 2 in female antennae,
scale bar = 3 um. (D) shorter trichoid sensilla of type 2 along the ventral side of the branches in the male antenna, scale
bar = 20 um. white head arrow: sensilla chaetica; white square: longitudinal grooves; black arrow: trichoid sensilla type 1;

white arrow: trichoid sensilla type 2; white circle: spiral annulation; star: coeloconic sensilla.

many moths, in T. pityocampa the forewings and hindwings
display distinct patterns. Forewings show an obscure pattern
in the dorsal surface, while hindwings are whitish-cream
colored, with hairy-fringed margins and an evident rounded
dark spot. No differences in coloration patterns could be
seen in males and females.

The coloration of the forewings of T. pityocampa is
cryptic, which is not surprising, as it is well-established that
moths adapt their color patterns to their surroundings to
evade predators. A significant body of literature indicates
that such mimetic phenotypes reduce the likelihood of
detection and enable the moths to hide during daytime
rest (Nokelainen et al. 2024 and references therein, Kang
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et al. 2012, Mishra et al. 2017). In contrast, it has been hy-
pothesized that disruptive hindwing coloration may help
avoid attacks when forewing camouflage fails (Mishra et al.
2017, Lindstedt et al. 2011, Schaefer and Stobbe 2006). In
addition, the hind wings of T. pityocampa are characterized
by the distinct black spot that contrasts with the color of
the surrounding area. Similar circular markings, known as
eye spots, are common among Lepidoptera and are gen-
erally found in both sexes. Several hypotheses have been
proposed regarding the role of eyespots, and they are often
conflicting. According to literature, eyespots are thought
to serve several putative functions, including mate choice,
intrasexual competition, and predator avoidance (Stevens
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2005 and reference therein, Schaefer and Stobbe 2006, Ko-
dandaramaiah 2011, Mishra et al. 2017). However, only a few
studies have explored the role of eyespots in mate choice
or intrasexual competition among lepidopterans, and no
studies are available on this topic in T. pityocampa. A great
research effort is needed to define whether the presence of
these signals serves an antipredatory function or not.

Based on their morphology, three types of scales can be
identified on the wings of T. pityocampa. The general organi-
zation of these scales is similar in both males and females;
however, their distribution varies between the sexes. In
males, lamellar scales near the upper edge of the forewings
are arranged like roof tiles. Additionally, the hindwings of
males have a much greater number of piliform scales, which
densely cover the other scales. It has been suggested that
body scales play a role in thermoregulation and insulation,
but in males, they may also be involved in hormone produc-
tion (Ghosh and Mishra 2018).

Antenna

Since insects rely on their antennal sensilla to accom-
plish vital cues, including mate selection and host plant
recognition, we investigated the antennal arrangement and
the distribution of sensilla in both sexes. The morphological
features of the antennae in T. pityocampa are similar to those
described for other notodontid moths, and each antenna
consists of a scape, a pedicel, and a bipectinate flagellum
from which two branches arise laterally (Mark et al. 2018).
On the surface of the noctuids’ antennae, scales are usually
found alongside the sensilla. This arrangement likely helps
the insect in detecting the direction of odor stimuli and may
also serve as a mechanism for capturing and concentrating
odour molecules (Wall 1978, Van der Pers et al. 1980). Our ul-
trastructural analysis revealed that in both male and female
T. pityocampa, the dorsal surface of the antenna is extensively
covered with scales, as previously reported in many species
of noctuids (Mark et al. 2018), whereas sensilla only occur
on the lateral branches. Although there are no differences in
general arrangement between males and females, a notable
dimorphism is observed in the length of the lateral branches.
In males, these are significantly longer than in females, re-
sulting in a more plumose appearance. The difference in the
length of later branches is species-specific in bombycoid and
notodontid, even if males with longer branches represent
the most common pattern (Mark et al. 2018).

Li and colleagues (2024) noted that the type, function,
quantity, and distribution of antennal sensilla tend to be
stable within taxonomic groups, highlighting a consistent
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pattern across Lepidoptera. This stability suggests that
these sensilla have evolved to fulfil specific ecological roles,
particularly in olfactory and tactile perception, which are
critical for behaviours such as foraging and mate selection.

We identified four types of sensilla in T. pityocampa:
trichoid type 1, trichoid type 2, coeloconica and chaetica.

Trichoid sensilla of insects are typically involved in
mechano- or chemoreception (Amornsak et al. 1998, Onag-
bola and Fadamiro 2008, Roux et al. 2005, Yang et al. 2009).
In Lepidoptera, it has been shown that trichoid sensilla are
responsible for identifying the sexual pheromones of the
females (Faucheux et al. 2006, Sun et al. 2011). Accordingly,
in different species of day-flying moths (Heliozelidae), it has
been demonstrated that sex pheromones contact the recep-
tors through the pores of such sensilla (Wang et al. 2018).
The presence of long trichoid sensilla in males has been pre-
viously reported in several noctuid species, suggesting their
role in the reception of female sex pheromones (Jefferson
et al. 1970, Zhang et al. 2001, Seada 2015).

In this study, we demonstrated that the well-developed
bipectinate antennae of male specimens not only provide a
greater surface area but are also equipped with significantly
longer type 1 trichoid sensilla compared to females (Mark
et al. 2018), thus supporting their role in the detection of
pheromones. In contrast, the shorter type 2 trichoid sensilla
are found exclusively on the ventral side of the antennal
branches in females, where they may serve a different func-
tion, such as detecting the volatile compounds of plants.

Wang and colleagues (2018) showed that variations in
the spatial arrangement of sensilla in moths indicate their
receptor functions, suggesting that long trichoid sensilla
are devoted to sex pheromones detection, whereas short
coeloconic sensilla may be able to detect airborne signals
with a high diffusion coefficient, such as plant-associated
odours (Rani et al. 2021 and references therein). Coelocon-
ic sensilla, while showing some morphological variability
across different species, are generally considered olfactory
receptors (Rani et al. 2021, Seada 2015) but also receptors
of humidity and temperature (Yan et al. 2014, Romani et
al. 2009, Sun et al. 2011) due to the presence of numerous
pores on the cuticular walls. In agreement, our observations
revealed the presence of pores on both the surface and at the
apical ends of each tip in the coeloconic sensilla surface. The
distribution and general morphology of coeloconic sensilla
did not differ in males and females, suggesting that some
receptorial cues provided by these sensilla are probably
related to shared ecological needs between the sexes, such
as chemo- or hydro-reception. However, we found that in
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females, the tips of the coeloconic sensilla are significantly
longer than in males. This suggests that the role of coeloconic
sensilla in the reception of plant-associated odors assumes
a greater relevance in females of T. pityocampa, probably in
relation to the choice of the deposition sites.

The sensilla chaetica exhibit a consistent morphology
across moth species and, more broadly, in Lepidoptera. They
emerge from a basal socket and appear as robust hair-like
structures with a terminal pore. Sensilla chaetica belong
to a broader group of uniporous sensilla, which share
morphological and functional features and are typically
associated with contact chemoreception (Amat et al. 2022).
These taste sensilla contain two to four gustatory receptor
neurons, with their dendrites exposed to the environment
through a single apical pore (Popescu et al. 2013, Amat et al.
2022) and have often been observed on antennae of various
species of noctuids and pyralids. Additionally, the presence
of a basal socket is linked to tactile function, indicating a
bimodal role of these sensilla.

The distribution pattern of sensilla chaetica observed
here is similar to that reported in bipectinate antennae
of other noctuid species (Varga et al. 2023). However, it is
worth noting that in other investigated species, females
displayed a higher number of sensilla or longer ones than
males suggesting a specific role for sensilla chaetica in fe-
male host plant selection for oviposition (Seada, 2015, Rani
et al. 2021). In contrast, in T. pityocampa we did not reveal
any sex-related differences in the morphology or number
of such sensilla. One may suppose that plant recognition is
also crucial for males since mating takes place on the host
plant. Additionally, it should be noted that sensilla chaetica
have a dual role, as they are also involved in the reception
of contact and short-range contact cues are essential for
partner recognition in both sexes.
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