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Abstract

Morphological sexual dimorphism occurs in most insect species. Caves are relatively independent habitats with high levels
of endemic insect species. The cave crickets are one of the most common insects in many caves and play an important role in
the nutrient cycling of cave ecosystems. Sexual difference in sensilla has rarely been studied in cave crickets. We explore the
types, number, and distribution of sensilla on the labial palps of both sexes of the cave cricket Tachycines plumiopedella Li,
Feng & Luo, 2021 for the first time. Seven sensilla types were recorded on the labial palps in both sexes, including sensilla
chaetica (Sc. 1-2), sensilla trichodea (St. 1-3), sensilla palmatum (Sp), Bohm bristles (Bb), sensilla campaniformia (Sca),
sensilla basiconica (Sb. 1-3), and sensilla coeloconica (Sco. 1-2). The sensilla are mostly situated on the third palpomere of
the labial palps, particularly on its middle to end part. Of sensilla on the labial palps, types and distribution were similar in
males and females, but different in length, diameter, and number. The potential functional roles of sensilla were discussed.
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Introduction

Morphological sexual dimorphism has been the subject of
interest for decades, being present in most insects (Mori
et al. 2017). Morphological sexual dimorphism of insects
shows a remarkable diversity, which ranges from indistin-
guishable to the enormous differences in size and shape
(Stubblefield and Seger 1994; Mori et al. 2017). For exam-
ple in Hemideina crassidens (Blanchard, 1851), males have
larger mandibles (Kelly 2005). In many grasshopper species,
the types of antennal sensilla have no difference between
males and females, but the number of antennal sensilla of
males was significantly greater than females (Li et al. 2007;
Nakano et al. 2022a). The reason for sexual dimorphism
is complex. One of the views is that morphological sexual
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dimorphism may evolve for ecological causes (e.g., habitats
and nutritional needs for reproduction) (Shine 1989).
Caves are a kind of relatively independent habitats, and
the overall environmental characteristics are depleted nutri-
ents, minimal changes in temperature and humidity, and
weak light or darkness (Poulson and White 1969; Prous
et al. 2004; Ran and Yang 2015). As a dominant species of
the cave biodiversity, cave crickets play an important role
in maintaining the stability of the cave ecosystem (Lavoie
et al. 2007). In Southern China, the genus Tachycines Ade-
lung, 1902 is a major component of cave crickets (Feng et al.
2020; Li et al. 2021; Cigliano et al. 2022). The genus Tachy-
cines belongs to the tribe Aemodogryllini Jacobson, 1905 of
the subfamily Aemodogryllinae Jacobson, 1905, and to date,
contains a total of 98 species (Karny 1934; Cigliano et al.
2022). In the genus Tachycines, at least 43 species are known
to inhabit cave habitats, and these cave species occur mainly
in Southeast and East Asia (Feng et al. 2019; Cigliano et al.
2022). These cave crickets have evolved some morphologi-
cal adaptations to life in caves: the reduction of both eyes
and coloration, and the development of long appendages
(Deharveng and Bedos 2018; Feng et al. 2020). The sen-
sory systems of Tachycines species are very interesting to
study comparatively with respect to other Orthoptera. The
reason is not only the absence of useful visual signals for
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cave species, but also the absence of stridulatory structures
and hearing, and these cave species have been traditionally
regarded to strongly rely on chemosensory abilities and
sense of touch (Peljhan 2018).

Insects rely mainly on sensory organs known as sensilla,
which are distributed on appendages to perceive and rec-
ognize stimuli and play a vital role in various biological
activities (e.g., mate recognition and food discrimination)
of the insects (Chapman 1982; Byers 1995; Schrader 2000;
Shi et al. 2021). The sensilla are sensory organs protrud-
ing from the exoskeleton and consist of cuticular structure,
sensory neurons, and enveloping cells (Zacharuk 1980;
Nakano et al. 2022b). The sensilla of crickets are classified
into different types, and the most common types are sensilla
chaetica, sensilla trichodea, sensilla campaniformia, sensilla
basiconica, sensilla coeloconica, and Bohm bristles (Sch-
neider and Romer 2016; Faucheux 2017). The function of
each sensillum is extrapolated from its shape, size, porosity,
and socket type. For example, sensilla without pores and a
flexible socket are typically mechanoreceptors (Altner and
Prillinger 1980; Nakano et al. 2022a). Sensilla without pores
can be also responsible for thermoreception and hygrore-
ception (Steinbrecht 1997; Hallberg et al 2003; Nowiriska
and Brozek 2017). Sensilla with pores are chemoreceptors.
These sensilla can have a terminal pore (uniporous) or have
many pores (multiporous or wall-pored), and they are con-
sidered gustatory receptors (contact chemoreception) or
olfactory receptors (distance chemoreception) respectively
(Klein 1981; Ring et al. 2008; Schneider and Romer 2016;
Fea et al. 2019; Nakano et al. 2022a). The diversity of the
sensory systems is linked to the ecological causes, and the
specific ecology (e.g., habitats and sex roles) may influ-
ence the number and distribution of sensilla (Nakano et al.
2022b).

Labial palps are appendages of the insect mouthparts,
and abundant sensilla on the labial palps are important for
insect feeding behavior and host selection (Hashimoto 1992;
Byers 1995; Guerenstein et al. 2004; Zhou et al. 2008). Pre-
vious studies have shown that labial palps are used as contact
receptions during the foraging process and stay with food
during the chewing process (Hao et al. 2019). In Gryllus
bimaculatus De Geer, 1773, Klein (1981) described the dis-
tal segment of the labial palps through scanning electron
microscopy and transmission electron microscopy, and there
is a multimodal receptor field that is sensitive to different
stimuli, which is one of the main sensory systems of the
mouthparts.

Although there are a large number of studies on insect
sensilla, the sensilla of insects that inhabit caves have
received relatively little attention so far. In this study, we
investigate the external morphology and the types and
distribution of sensilla associated with the labial palps
of male and female adults of the cave species Tachycines
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plumiopedella Li, Feng & Luo, 2021 using scanning electron
microscopy. Our results can provide information to further
study the significance of the labial palps in the behavior and
chemical ecology of T. plumiopedella in cave habitats.

Materials and methods
Insects

The specimens of the T. plumiopedella were collected
from Shui Cave (28°04.84139’N, 107°37.65916’E, elev.
1155.1 m) which is located in Yongan Town, Fenggang
County, Zunyi City, Guizhou Province, China. Microscopy
studies were conducted on both male and female adults. Ten
pairs of adults of both genders were collected and stored in
75% ethanol until preparation for microscopy.

Observation and measurement of specimens

The labial palps of ten individuals per sex were removed
under a stereomicroscope (Nikon SMZ1270, Nikon Corpo-
ration, Japan) using microscissors and fixed immediately in
glutaraldehyde (2.5%) at 4°C for 20 h. After washing with
phosphate buffer solution (0.1 mol/L, PH=7.4) three times
(15 min per wash), an ultrasonic cleaner (JP-030S, Shenzhen
Jiemeng Cleaning Equipment Co., LTD, China) was used
to clean them for 30 s. The labial palps were dehydrated
through an ascending ethanol series of 75%, 80%, 85%, 90%,
95% and 100% with 15 min intervals, and in 100% ethanol
solutions for 12 h. The labial palps were dried for 12 h in an
electric blast drying oven (101-ISB, Shaoxing Supo Instru-
ment Co., LTD, China) at 40°C. The labial palps were then
glued onto aluminum pin mounts with double-sided carbon
adhesive tape and sputtered with gold for 2 min in a high-
resolution sputter coater (Smart Coater, Hitachi, Japan) and
finally observed under scanning electron microscopy (JCM
6000, Hitachi, Japan) operated at an electron accelerating
voltage of 15 kV.

We used the outer morphology (shape, cuticular features,
porosity and socket features), size and distribution to iden-
tify each distinct type of sensillum in 7. plumiopedella, and
the classification of sensilla was based on the studies of
Schneider (1964), Zacharuk (1980), Schneider and Romer
(2016), Faucheux (2017), Nowinska and Brozek (2017) and
Fea et al. (2019).

The body length was taken using a digital vernier caliper
(Prokit’s Inc., Shanghai, China), and the morphological data
of labial palps and sensilla were collected by the “Scaler”
function from the SEM measurement system. The length of
body and labial palps were measured for ten individuals of
each sex. The length, basal width and the number of each
type of sensillum were measured based on ten replications,
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and we measured a maximum of two sensilla from each
specimen.

Statistical analysis

Statistical analysis was undertaken with SPSS 26.0 software.
Data are reported as means + standard deviation (S.D.).
Prior to conducting parametric tests, we used Levene's test
to determine data for homogeneity of variances and Kol-
mogorov—Smirnov tests to test whether data were distrib-
uted normally. Student’s ¢ test was used to determine any
significant differences between sexes. The significance level
was set at 0.05.

Results
General morphology of the labial palps

There was no significant difference in the body length of T.
plumiopedella between the sexes (Student’s ¢ test: 1=1.970,
P =0.064; Table 1). No obvious differences in the general
morphology of the labial palps could be found between
the sexes. Figure 1A, B shows labial palps with three pal-
pomeres. The first palpomere is short and thick. The second
palpomere is slightly longer than the first palpomere. The
third palpomere possesses a bulbous protuberance on the
apex (Fig. 1C). No significant sexual difference in the length
of labial palps was observed (Student’s ¢ test: t=0.609,
P=0.550; Table 1).

Types and distribution of sensilla

The labial palps of female and male adults have the same
sensilla types. According to their external morphology, size
and distribution, we observed seven types of labial palps in
T. plumiopedella: sensilla chaetica (subtypes 1-2), sensilla
trichodea (subtypes 1-3), sensilla palmatum, Bohm bristles,
sensilla campaniformia, sensilla basiconica (subtypes 1-3)
and sensilla coeloconica (subtypes 1-2).

Sensilla chaetica (Sc) are stiff hairlike sensilla that are
straight. Their stem may be spiral grooved or herringbone
grooved and usually tapers from the base to the tip. Sensilla
chaetica could be further classified into two subtypes based
on shape. Sensilla chaetica subtype 1 (Sc.1) are aporous
and straight, with a spiral grooved cuticular wall, a sharp
tip and flexible sockets. They are at nearly 60° angle to the
surface of the labial palps (Fig. 2A, B). These sensilla are
numerous and densely distributed on the whole labial palps.
Sensilla chaetica subtype 2 (Sc.2) are aporous and straight,
with a herringbone grooved cuticular wall, a sharp tip and
flexible sockets (Fig. 2A, C). These sensilla are distributed
on the third palpomere.

Sensilla trichoidea (St) are flexible hairlike structures
that are narrowed at the tip. These sensilla are at a nearly
90° angle to the surface of the labial palps. Sensilla tricho-
dea could be further classified into three subtypes based
on shape. Sensilla trichodea subtype 1 (St.1) are aporous
and straight, with a spiral grooved cuticular wall, curved
at the tip and flexible sockets (Fig. 2A, D). These sen-
silla are numerous and are distributed on the whole labial

Table 1 The length of the body

. < Sex Body length (mm) Labial palps length (mm)
and labial palps in male and
female T. plumiopedella (n=10) 1st palpomere 2nd palpomere 3rd palpomere Total length
Female 14.57+0.60 a 0.60+0.07 a 0.88+0.08 a 1.61+0.12a 3.09+0.14 a
Male 14.02+0.64 a 0.55+0.07 a 094+0.12a 1.64+0.11a 3.14+0.20 a

The data are mean +standard deviation, and different lowercase letters in the same column indicate signifi-
cant differences between males and females (P <0.05)

500 um

100 pm

Fig. 1 Scanning electron microscope observation in adult labial palps of male 7. plumiopedella. A Ventral view of the labial palps. B Dorsal
view of the labial palps. C The terminal bulbous protuberance of the third palpomere
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Fig.2 Sensilla chaetica of subtypes 1-2 and sensilla trichodea sub-
types 1 on T. plumiopedella. A Distribution of sensilla chaetica
subtypes 1 (Sc.1), sensilla chaetica subtypes 2 (Sc.2), and sensilla

palps. Sensilla trichodea subtype 2 (St.2) are curved and
uniporous, with a spiral grooved cuticular wall and flex-
ible sockets (Fig. 3A, B, C). Sensilla trichodea subtype
3 (St.3) are aporous and slightly curved, with a spiral
grooved cuticular wall, a blunt tip and flexible sockets
(Fig. 3A, D). St.2 and St.3 are distributed on the terminal
bulbous protuberance of the third palpomere.

Sensilla palmatum (Sp) are straight, claw-like and
aporous, with several blunt tips, a longitudinal grooved
cuticular wall and inflexible sockets (Fig. 3A, E). These
sensilla are distributed on the terminal bulbous protuber-
ance of the third palpomere.

Bohm bristles (Bb) are aporous and short, with a lon-
gitudinal grooved cuticular wall, a blunt tip and flexible
sockets (Fig. 3F, G). These sensilla are only distributed on
the base of the second and third palpomeres in the cluster.

Sensilla campaniformia (Sca) are round or oval and
button-like, with a smooth empty thin wall on the surface
and smooth and clear thick-wall edges around it (Fig. 4A,
B). These sensilla are sparsely distributed on the whole
labial palps.

@ Springer

trichodea subtypes 1 (St.1). B Sensilla chaetica subtypes 1 (Sc.1). C
Sensilla chaetica subtypes 2 (Sc.2). D Sensilla trichodea subtypes 1
(St.1)

Sensilla Basiconica (Sb) are cones that are embedded
in flexible sockets. The cuticular wall of the sensilla may
be porous or aporous. Sensilla basiconica could be fur-
ther classified into three subtypes based on shape. Sensilla
basiconica subtype 1 (Sb.1) are nearly straight or slightly
curved and aporous, with a longitudinal grooved cuticular
wall and a sharp tip. The stem tapers from the base to the tip
(Fig. 4A,C). These sensilla are sparsely distributed on the
whole labial palps. Sensilla basiconica subtype 2 (Sb.2)
are curved and aporous, ended in a blunt tip, wide in basal
width and significantly reduced at one-third from the base.
Sb.2 has a longitudinal grooved cuticular wall (Fig. SA, B).
Sensilla basiconica subtype 3 (Sb.3) are slightly curved,
with a multiporous cuticular wall and a blunt tip (Fig. 5A,
C, D). Sb.2 and Sb.3 are mainly distributed on the middle to
end part of the third palpomere.

Sensilla coeloconica (Sco) are tiny pegs that arise
from inflexible sockets. Each peg is situated in a pit.
Sensilla coeloconica could be further classified into two
subtypes based on shape. Sensilla coeloconica subtype
1 (Sco.1) are smooth in the cuticular wall, and features
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20 pm

Fig.3 Sensilla trichodea of subtypes 2-3, sensilla palmatum, and
Bohm bristles on 7. plumiopedella. A Distribution of sensilla tricho-
dea subtypes 2 (St.2), sensilla trichodea subtypes 3 (St.3), and sen-
silla palmatum (Sp). B Sensilla trichodea subtypes 2 (St.2). C Pore on

a longitudinal grooved near the tip. The pegs arise from
bulgy sockets (Fig. 5A, E). Sensilla coeloconica subtype
2 (Sco.2) are morphologically similar to Sco.1, but the
sockets are sunken and the pegs are slightly out of the cav-
ity (Fig. 5A, F). Sco.1 and Sco.2 are mainly distributed on
the middle to end part of the third palpomere.

the end of sensilla trichodea subtype 2; TP: terminal pore. D Sensilla
trichodea subtypes 3 (St.3). E Sensilla palmatum (Sp). F Distribution
of Bohm bristles (Bb). G Bohm bristles (Bb)

Comparison of sensilla between sexes

In the cricket species T. plumiopedella, the two sexes exhibit
differences in the size of some sensilla (Table 2). The size
of some sensilla was longer in females than males. They
contain the length and basal width of Sc.2 (Student’s 7 test:
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Fig.4 Sensilla campaniformia and sensilla basiconica subtype 1 on T. plumiopedella. A Distribution of sensilla campaniformia (Sca) and sen-
silla basiconica subtype 1 (Sb.1). B Sensilla campaniformia (Sca). C Sensilla basiconica subtype 1 (Sb.1)

t=3.425, P=0.003 for length; Student’s ¢ test: r=3.454,
P=0.003 for basal width), the length and basal width of
Sco.2 (Student’s ¢ test: 1=2.930, P=0.009 for length; Stu-
dent’s ¢ test: r=3.779, P=0.001 for basal width), the length
of Sp (Student’s t-test: 1=2.149, P=0.049), the basal width
of Sb.1 (Student’s ¢ test: r=2.682, P=0.018), and the basal
width of Sb.3 (Student’s ¢ test: t=5.450, P <0.001). The size
of some sensilla were shorter in females than males. They
include the basal width of Sc.1 (Student’s ¢ test: t=5.678,
P <0.001; Table 2), the basal width of Sp (Student’s ¢ test:
t=2.730, P=0.016), and the length of Sco.l (Student’s ¢
test: rt=2.807, P=0.012).

The number of sensilla of labial palps in T. plumiope-
della differed between sexes (Table 3). The total numbers of
St.1, St.2, St.3, and Sp were significantly greater in females
than in males (Student’s ¢ test: 1=3.961, P=0.001 for St.1;
Student’s ¢ test: 1=10.255, P <0.001 for St.2; Student’s ¢
test: t=28.881, P<0.001 for St.3; Student’s ¢ test: t=8.165,
P <0.001 for Sp). Some types of sensilla types are more
abundant on a particular palpomere. The number of St.1
on the first palpomere of labial palps in females was sig-
nificantly greater than in males (Student’s ¢ test: t=7.415,
P <0.001). The number of Sca on the second palpomere
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of labial palps in males was significantly greater than in
females (Student’s ¢ test: t=4.392, P<0.001). The number
of Sb.1 on the third palpomere of labial palps in females was
significantly greater than males (Student’s 7 test: #=3.539,
P=0.002).

Discussion

In this study, we investigated the external morphology, and
the types and distribution of different types of sensilla asso-
ciated with the labial palps of female and male adults of the
cave species T. plumiopedella. The labial palps of this cave
species is similar to those of other insects in consisting three
palpomeres (Chapman 1998). Thirteen types of sensilla are
present on the labial palps of T. plumiopedella. These sen-
silla have been described as being specialized for perceive
particular types of stimuli and are known as mechanorecep-
tors, chemosensors and hygro-thermoreceptors.
Mechanoreception may be the important source of sen-
sory information for T. plumiopedella considering that
vision can be very challenging in a dark cave (Peljhan 2018).
In T. plumiopedella, Sc.1, Sc.2, St.1, St.3, Sb.1, Sb.2, Bb,
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Fig.5 Sensilla basiconica of subtypes 2-3 and sensilla coeloconica
of subtypes 1-2 on T. plumiopedella. A Distribution of sensilla basi-
conica subtype 2 (Sb.2), sensilla basiconica subtype 3 (Sb.3), sensilla
coeloconica subtype 1 (Sco.l), and sensilla coeloconica subtype 2

and Sca are mechanoreceptors. Klein (1982) described that
the cricket uses its labial palps to grasp the antenna during
the antennal cleaning process, and after amputation of the
labial palps, it becomes difficult to position the antenna. The
reason may be that crickets lack the mechanoreceptors of
the labial palps and hence cannot receive the mechanical
stimuli caused by the touch of antennae. Moreover, Bb and
Sca are proprioceptors, which can detect the position and

(Sco.2). B Sensilla basiconica subtype 2 (Sb.2). C Sensilla basiconica
subtype 3 (Sb.3). D Proximal portion of sensilla basiconica subtype
3; PO: pore. E Sensilla coeloconica subtype 1 (Sco.1). F Sensilla coe-
loconica subtype 2 (Sco.2)

movement of the labial palps (Toh 1981; Faucheux 2017;
Fea et al. 2019).

Chemoreception plays a vital role in the survival of T
plumiopedella, which often depend on their chemosensors
to find suitable habitats and food sources (Nakano et al.
2022b). The chemoreception function is conducted by St.2
and Sb.3. St.2 and have been described in the studies as
having a contact-chemosensory function (Blaney 1974; Yu
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Table 2 Morphological characteristics and probable function of labial palps’ sensilla in male and female T. plumiopedella (n=10)

Types of sensilla ~ Sex Length (pm) Basal width (pm) Wall Tip Socket Function References
Sensilla chaetica  Female 131.97+19.12a 7.17+1.17b Spiral grooved Sharp Flexible Mechanorecep- Faucheux and
subtype 1 Male  139.92+17.74a 10.06+1.11a tion Kundrata
(2017); Fea et al.
(2019)
Sensilla chaetica Female 37.14+4.61a 6.02+1.03a Herringbone Sharp Flexible Mechanorecep- Nowinska and
subtype 2 Male 30.05+4.66b  4.63+0.74b grooved tion Brozek (2017);
Fea et al. (2019)
Sensilla trichodea Female 94.28+19.41a 7.15+0.79a Spiral grooved Sharp Flexible Mechanorecep-  Nowiriska and
subtype 1 Male  100.04+15.35a  6.78+0.96a tion Brozek (2017);
Li (2022)
Sensilla trichodea Female 36.08 +£2.95a 3.24+0.19a Spiral grooved Pore Flexible Gustation Klein (1981); Fea
subtype 2 Male  37.42+7.10a  3.34+0.45a etal. (2019)
Sensilla trichodea Female 36.56+3.31a  2.92+0.25a Spiral grooved Blunt Flexible Mechanorecep-  Klein (1981);
subtype 3 Male 3495+38la  3.58+1.06a tion Nowiriska and
Brozek (2017)
Sensilla palma- Female 4.72+0.47a  0.76 +£0.06b Longitudinal Blunt Inflexible — Huang et al.
tum Male 4170676  0.87+0.11a grooved (201D); Li
(2022)
Bohm bristles Female 12.67+4.07a 2.58+0.37a Longitudinal Blunt Flexible Mechanorecep- Schneider (1964);
Male  13.04+2.56a  2.62+0.34a grooved tion Faucheux (2017)
Sensilla campani- Female - 10.93+3.45a Smooth Oval Inflexible Mechanorecep-  Hustert (1985);
formia Male _ 13.48+2.73a tion Faucheux and
Kundrata (2017)
Sensilla basicon- Female 13.60+1.83a  2.39+0.29a Longitudinal Sharp Flexible Mechanorecep-  Pérez-Gonzalez
ica subtype 1 Male 12.29+1.992 2.11+0.15b grooved tion and Zaballos
(2013)
Sensilla basicon- Female 21.56+1.62a  3.392+0.18a  Longitudinal Blunt Flexible Mechanorecep-  Pervez et al.
ica subtype 2 Male 21.22+4.32a 3.70+0.56a grooved tion (2022); Nakano
et al. (2022a)
Sensilla basicon- Female 13.61+1.76a 3.62+0.20a Multiporous Blunt Flexible Olfaction Schneider and
icasubtype 3 Male  12.71+1.39a  2.88+0.38b pitted Romer (2016);
Faucheux (2017)
Sensilla coelo- Female  3.40+0.72b 1.94+0.19a Smooth Blunt Inflexible Thermoreception/ Nishikawa et al.
conica subtype  Male 423+0.6la 2.05+027a hygroreception (1985); Fau-
1 cheux (2017)
Sensilla coelo- Female  3.61+0.70a  2.00+0.28a Smooth Blunt Inflexible Thermoreception/ Nishikawa et al.
conica subtype  Male 2.69+0.72b 1.49+0.33b hygroreception (1985); Zhu

2

etal. (2019)

The data are mean +standard deviation, and different lowercase letters in the same column indicate significant differences between males and
females (P <0.05). “~” represents the absence of data

et al. 2011; Fea et al. 2019). Klein (1982) observed crickets
touching food with the distal end on the labial palps, and
St.2 are distributed on the distal end of the labial palps, sug-
gesting that St.2 are used for food selection. Sb.3 are typical
olfactory sensilla and have the function of sensing volatile
chemicals (Ring et al. 2008; Schneider and Romer 2016;
Fea et al. 2019).

Thermoreception and hygroreception are very impor-
tant for the cave species T. plumiopedella, which need to
cope with moisture loss by evaporation, and rely on the
temperature of the environment as insect populations are
poikilotherms (Lavoie et al. 2007; Rebora et al. 2019).
Sco.1 and Sco.2 are responsible for thermoreception and
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hygroreception. The cave species T. plumiopedella may
detect humidity and temperature gradient by Sco.l and
Sco.2, in air to search for adequate habitats (Rebora et al.
2019).

In the cricket species T. plumiopedella, the types of
sensilla of the male and female adults are similar, but the
two sexes exhibit differences in the number, basal width,
or length of some sensilla. There was no significant dif-
ference in the length of labial palps between sexes, but
the number of St.1, St.2, St.3, and Sp of female adults was
significantly higher than that of males. In addition, the size
of Sb.1, Sb.3, Sc.2, and Sco.2 of female adults tends to be
greater than that of males. Therefore, the labial palps of
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T?blf" 3 .Abundan.ce and Type/subtypes of sensilla Sex First segment Second segment Third segment Total
distribution of labial palps’
sensilla in male and female 7. Sensilla chaetica subtype 1 Female 26+3a 76+ 3a 162 +20a 264 +20a
plumiopedella (n=10) Male  28+3a 79:+3a 1724200 279:+20a
Sensilla chaetica subtype 2 Female - - 8+2a 8+2a
Male - - 8+1a 8+1a
Sensilla trichodea subtype 1 Female 18+3a 24 +3a 71+4a 114+4a
Male 11+1b 23+5a 69 +5a 103+£7b
Sensilla trichodea subtype 2 Female - - 394 +33a 394 +33a
Male - - 268 +20b 268 +20b
Sensilla trichodea subtype 3 Female - - 601 +46a 601 +46a
Male - - 450+28b 450+28b
Sensilla palmatum Female - - 1831+57a 1831+57a
Male - - 1633+51b 1633 +51b
Bo6hm bristles Female - 16+3a 17 +3a 33+3a
Male - 17 +2a 18+4a 35+5a
Sensilla campaniformia Female 6+2a 3+1b 6+2a 14+3a
Male S5+1a 4+1a S+1a 14+2a
Sensilla basiconica subtype 1 ~ Female 8+2a 6+2a S+1a 19+3a
Male 10+2a S+la 3+1b 18+2a
Sensilla basiconica subtype 2~ Female - - 13+2a 13+2a
Male - - 15+4a 15+4a
Sensilla basiconica subtype 3 ~ Female - - 21+5a 21+5a
Male - - 22+4a 22+4a
Sensilla coeloconica subtype 1 Female - - 11+2a 11+2a
Male - - 10+2a 10+2a
Sensilla coeloconica subtype 2 Female - - 3+1a 3+1a
Male - - 4+2a 4+2a

The data are mean + standard deviation, and different lowercase letters in the same column indicate signifi-

cant differences between males and females (P <0.05).

females have stronger ability of perception of environmen-
tal stimuli than those of males.

As well known, females need more energy than males
to produce eggs (Lease and Wolf 2011). In some species
of Orthoptera, the histolysis of flight muscles on females
can contribute as the cost for oogenesis (Lorenz and Gide
2009). However, T. plumiopedella is wingless, and the two
sexes have similar body size. Females need other strat-
egies to ensure nutritional supplementation, and a more
developed sensory system may be one of the strategies
to cope with the nutritional deficiencies caused by the
reproductive behavior. In addition, previous studies have
shown that the compounds can influence where Orthop-
terans produce their eggs (Tanaka et al. 2019). Therefore,
females require more chemosensors than males to detect
oviposition sites or recognize compounds, but the sensi-
tivity of each sensilla type to particular compounds is not
clear. Further behavioral and electrophysiological studies
are needed to determine the significance of sexual dimor-
phism in this species.

« o

represents the absence of data
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