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Abstract Thanasimus substriatus (Gebler) (Coleoptera: Cleridae) is an important predator
of bark beetles (Scolytidae) and has been used in China for the biological control of the larch
bark beetle, Ips subelongatus Motschulsky, and the spruce bark beetle, Ips typographus L. In
this study, the number, external morphology, and distribution of antennal sensilla of T.
substriatus were determined using scanning electron microscopy. The capitate antennae of
both sexes consist of the scape, pedicel, and 9 flagellomeres. Two types of sensilla chaetica
(SC1 and SC2), 2 types of sensilla trichodea (ST1 and ST2), 3 types of sensilla basiconica
(SB1, SB2, SB3), and Böhm’s bristles (BB) were identified according to the morphology and
fine structure of each type of sensilla in both sexes. No differences in shape, structure,
sensilla distribution, and typology were observed between the sexes. The density of sensilla
was greater on the last 3 than on the first 8 segments. SC1 and SC2 occurred on all antennal
segments in both sexes. SB1 were located only on the last 5 segments of the antennae. SB2
and SB3 were found only on the last 3 segments of the antennae and were absent on the first
8 segments in both sexes. ST1 and ST2 were absent from the scape and pedicel. BB only
occurred on the scape and pedicel. The distal antennal sensilla of T. substriatus had notably
more sensilla than proximal ones in type and number, indicating this is the main area to detect
environmental stimuli for feeding or oviposition.
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Species of the genus Thanasimus Latreille (i.e., clerid beetles) are important
predators of the bark and ambrosia beetles (scolytine weevils), usually hunting their
prey on the surface of conifer trunks. The clerid beetles are commonly captured in
pheromone traps targeting bark beetles and are attracted to aggregation sites of
their prey (Erbilgin and Raffa 2001, Kim III and Jung 2006, Tommeras 1988).

In most predatory species, the precise mechanisms involved in the host
searching and acceptance processes are still unknown. However, through
descriptive study of antennal sensilla, it is possible to infer on important aspects
of the roles of antennae in those processes. The antennae are important organs of
insect predation, mating, habitat searching, and environmental sensing (Hansson
and Stensmyr 2011). Antennal sensilla play an important role in intraspecific and
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interspecific information exchange and host recognition. Although sensilla are found

on every part of the insect body, they are most concentrated on the antennae, and

they represent the main channel through which insects sense external stimuli

(Schneider 1964). Exploratory study of sense organs can help to understand the

behavior of predators. Additionally, exploratory studies may also lead to more

efficient mass rearing of predators for use in biological control.

So far, there has been much research conducted on sensilla on the antenna and

mouthparts of Coleoptera. Well-studied examples include the following: Scolytidae

(Hallberg 1982, Peng et al. 2012, Ranger et al. 2017), Elateridae (Faucheux and

Kundrata 2017, Merivee et al. 1998, Ren et al. 2014), Chrysomelidae (Bartlet et al.

1999, Zhang et al. 2013), Carabidae (Di Giulio et al. 2012, Merivee et al. 2000,

Merivee et al. 2002), Curculionidae (Kang et al. 2012, Smith et al. 1976, Yan et al.

2011), and Cerambycidae (Crook et al. 2003, Dai and Honda 1990, Liu et al. 2012).

However, there are few studies of sensilla on the antenna of Cleridae.

In this study, we compared the sensilla type, number, and distribution in male

and female adult T. substriatus using scanning electron microscopy, and present a

preliminary discussion on the functions of sensilla, in order to provide a basic

reference for future ultrastructure, electrophysiological, and comparative behavioral

studies of Thanasimus species.

Materials and Methods

Insects. Adults of T. substriatus were collected in pheromone traps targeting

bark beetles, Ips typographus L., located in Wangqing City, Jilin Province,

northeastern China. The heads of the test insects were excised from the live

insects and prepared for examination under the scanning electron microscope.

Voucher specimens were deposited in School of Life Sciences, Changchun Normal

University, Changchun, China.

Scanning electron microscopy (SEM). Antennae of specimens were carefully

excised from the antennal sockets with fine forceps under a stereomicroscope

(Olympus SZX12, Japan). The antennae were first kept in 70% ethanol for 24 h and

then dehydrated in a graded alcohol series of 75%, 80%, 85%, 90%, and 100% for

10 min each. Antennae were individually mounted with dorsal or ventral sides on

aluminum stubs with double-sided sticky tapes. Before examination, antennae were

sputter coated with gold (20 nm) in a Hitachi E-102 high resolution sputter coater.

The specimens were examined in a Hitachi S-570 (Hitachi, Tokyo, Japan) set at 20

kv. Ten antennae of each sex were examined under SEM.

Statistical analysis. The morphology and distribution of sensilla on the

antennae of T. substriatus were observed and recorded. Sensilla on the dorsal

and ventral surfaces of the antennae of both sexes were identified, counted, and

measured. To characterize the sensilla, we used the nomenclature proposed by

Schneider (1964) and Zacharuk (1980, 1985). The types were also compared with

those described for other coleopteran insects (e.g., Chen et al. 2014, Hu et al. 2009,

MacKay et al. 2014, Merivee et al. 1999, Yi et al. 2016). The data were analyzed

using the t test with the statistical program SPSS version 17.0 (SPSS, Inc.,

Chicago, IL) for Windows. Statistical results were expressed as mean 6 standard

deviation (the number of sensilla or the length of sensilla).
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Results

General structure of the antennae. Antennae of both sexes of T. substriatus

were morphologically similar. The capitate antennae were of the conventional type

comprising a basal scape, pedicel, and a long flagellum, which was composed of 9
flagellomeres (Fig. 1A, B). Although the body size of the female adults is larger than

the males, male adults have much longer antennae than the females (Table 1).

Sensilla chaetica 1 (SC1). SC1 were deeply and longitudinally grooved in

cuticular shaft with a tight socket (Fig. 2A, B). This type of sensillum had a mean
length and basal diameter (6 SD) of 39.00 6 14.93 lm and 2.16 6 0.80 lm

(female) and 39.44 6 16.07 lm and 2.43 6 1.46 lm (male), respectively.

Sensilla chaetica 2 (SC2). SC2 were located dorsally and laterally on the distal

edges of the flagellomere, and overlapped the proximal part of succeeding

flagellomere. These sickle-shaped sensilla had deep longitudinal grooves and
tapered toward the tip to a point (Fig. 2C, D). The sensilla were very stout hairs with

blunt tips, 113.00 6 8.00 lm (female) and 108.84 6 8.25 lm (male) in length and

4.46 6 0.15 lm (female) and 4.59 6 0.06 lm (male) diameter at the base.

Sensilla trichodea 1 (ST1). ST1 were hair-like sensilla that were pointed

apically and lay relatively parallel to the body of the antenna (Fig. 3A, B). On
average (6 SD), ST1 measured 55.21 6 19.83 lm (female) and 50.60 6 20.93 lm

(male) in length and 2.48 6 0.46 lm (female) and 2.41 6 0.49 lm (male) in basal

diameter.

Sensilla trichodea 2 (ST2). ST2 inserted into tight sockets that were slightly
elevated above the cuticle and possessed long and blunt tips that narrowed and

curved at the distal region. The sensilla were longitudinally grooved (Fig. 3C, D).

They measured 97.67 6 14.29 lm (female) and 98.96 6 16.51 lm (male) in length
and 3.20 6 0.52 lm (female) and 3.37 6 0.40 lm (male) in basal diameter.

Sensilla basiconica 1 (SB1). SB1 were characterized by a short and sharp tip
(Fig. 4A). They measured 11.13 6 1.01 lm (female) and 11.88 6 1.34 lm (male) in

length.

Sensilla basiconica 2 (SB2). SB2 were straight, blunt-tipped smooth-walled

pegs without longitudinal grooves, emerging from a slightly raised base without
articulating socket and were oriented perpendicularly to the antennal surface (Fig.

Fig. 1. Overview of female (A) and male (B) antennae of T. substriatus.
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4B). They were 10.8 6 0.20 lm (female) and 11.01 6 0.29 lm (male) in length and
2.27 6 0.12 lm (female) and 2.35 6 0.07 lm (male) in width at the base. They were
situated as a dense group close to the distal part of the ventral border from the fifth
to eighth flagellomeres, on the distal part of the ventral surface of the ninth
flagellomere, and individually elsewhere (Fig. 4D).

Sensilla basiconica 3 (SB3). SB3 were thinner and in most cases longer than
SB1 and SB2. Similarly, these almost straight or slightly curved smooth-walled
blunt-tipped slender pegs were represented on all flagellomeres (Fig. 4C). They

Table 1. Means (6 SD) of lengths (mm) of T. substriatus (n ¼ 5 per sex)
antennal segments.

Sex Scape Pedicel

Flagellomeres

1 2 3 4

Female 0.281 6 0.043 0.106 6 0.023 0.158 6 0.053 0.153 6 0.013 0.146 6 0.021 0.147 6 0.024

Male 0.296 6 0.019 0.148 6 0.014 0.189 6 0.035 0.154 6 0.013 0.171 6 0.011 0.171 6 0.009

Fig. 2. Sensilla chaetica 1 (SC1) and sensilla chaetica 2 (SC2) on male T.
substriatus antennae with SC1 on the lateral side of the fifth
flagellomere (A) longitudinal grooves on the wall of SC1 (B), SC2 on
the dorsal side of the third flagellomere (C), and longitudinal grooves
on the wall of SC2 (D).
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measured a mean (6 SD) of 13.67 6 1.15 lm (female) and 11.43 6 1.45 lm (male)
in length and 2.17 6 0.02 lm (female) and 2.19 6 0.01 lm (male) in basal diameter.

Böhm bristles (BB). BB were located in a very wide cuticular sockets, and were
surrounded by a shallow depression with smooth cuticles (Fig. 5B). BB were 7.33 6

1.53 lm long (female) and 7.71 6 2.24 lm long (male) straight pegs with a sharp tip
occurring in a dense group on the intersegmental joints between the scape and the
head and between the scape and the pedicel of female and male of T. substriatus
(Fig. 5C).

The types and lengths of each antennal sensillum type are recorded in Table 2.
The total numbers and distribution patterns of sensilla on the antennomeres of T.

Fig. 3. Sensilla trichodea 1 (ST1) and sensilla trichodea 2 (ST2) on male T.
substriatus antennae with ST1 (A), longitudinal grooves on the wall of
ST1 (B), ST2 (C), and longitudinal grooves on the wall of ST2 (D).

Table 1. Extended.

Flagellomeres

Total5 6 7 8 9

0.139 6 0.021 0.142 6 0.006 0.170 6 0.025 0.179 6 0.012 0.322 6 0.021 1.943 6 0.262

0.154 6 0.003 0.163 6 0.009 0.176 6 0.025 0.182 6 0.010 0.339 6 0.020 2.143 6 0.168
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substriatus are recorded in Tables 3 and 4. The distribution patterns of sensilla on

the antennae of both sexes were similar. However, the density of sensilla was

greater on the last 3 segments than on the front segments (Fig. 5D, 6A, D). SC1

were more abundant than the other types of sensilla on the antennae. In the current

study, SC1 and SC2 occurred on all antennal segments in both sexes of T.

substriatus, and no sexual differences were detected. Six to ten SC2 were arranged

radially around the distal edge of each antennomere. SB1 were located only on the

last 5 segments of the antennae. SB2 and SB3 were found only on the last 3

segments of the antennae and were absent on the first 8 segments in both sexes.

ST1 and ST2 were absent from the scape and pedicel. BB only occurred on the

scape and pedicel. The distal antennal sensilla of T. substriatus had notably more

sensilla than proximal ones in type and number, indicating this is the main area to

detect environmental stimuli for feeding or oviposition.

Discussion

We identified 8 types of sensilla on the antenna of T. substriatus. These are

sensilla chaetica (2 types), sensilla trichodea (2 types), sensilla basiconica (3

Fig. 4. Sensilla basiconica 1 (SB1), sensilla basiconica 2 (SB2), and sensilla
basiconica 3 (SB3) on T. substriatus antennae with SB1 (A), SB2 (B),
SB3 (C), and a dense group of SB1 and SB3 on the distal section of the
fifth flagellomere (D).
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types), and Böhm bristles. We discuss each with comparisons in the following

paragraphs.

Sensilla similar to SC1 of this study are also found in other beetles, such as the

‘‘hair plate sensilla’’ of Psylliodes chrysocephala L. (Bartlet et al. 1999), the ‘‘sensilla

chaetica’’ of Melanotus villosus (Geoffroy) (Merivee et al. 1999), and the ‘‘sensilla

chaetica subtype 2’’ of Tetropium fuscum (F.) (MacKay et al. 2014). Merivee et al.

(1999) revealed that sensilla chaetica are sensitive to mechanical stimuli. Aporous

SC1 function as tactile mechanoreceptors enabling the beetle to determine the

position of the antennae with respect to its surroundings (Altner 1977, Faucheux

and Kundrata 2017, Zacharuk 1985).

SC2 in our study could be similar to the ‘‘sensilla chaetica type II’’ in Psacothea

hilaris (Pascoe) (Cerambycidae) (Dai and Honda 1990), the ‘‘sensilla chaetica 2’’ in

Agrilus mali Matsumara (Buprestidae) (Yi et al. 2016), and ‘‘sensilla chaetica III’’ in

Trogoderma granarium Everts and Trogoderma variabile Ballion (Dermestidae)

(Wei et al. 2015). The aporous long bristles identified in this study can be the first to

contact the substrate, so they could have a mechano-sensitive function (e.g.,

providing the position information for antennae) (Crook et al. 2008, Saı̈d et al. 2003,

Shields 2004). These sensilla could also play a role in mate recognition and

Fig. 5. Dense group of SB2 and SB3 on the distal end of the seventh
flagellomere (A), Böhm sensilla (BB) on the base of the scape (B), and
a dense group of BB located between the scape and pedicel (C),
ventral surface of the seventh and the eighth flagellomere of female
(D).
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perception of specific hydrocarbons on the cuticle of female T. substriatus that elicit

courtship behaviors in this insect, as per studies of Silk et al. (2011) and MacKay et

al. (2014).

SB of T. substriatus are similar in morphology to those described on the antennal

flagellum of several coleopteran species. SB1 of T. substriatus resemble the ‘‘stout

sensilla basiconica’’ in the longicorn beetles Monochamus notatus (Drury) and

Monochamus scutellatus (Say) (Dyer and Seabrook 1975), the ‘‘sensilla basiconica

type I’’ in the click beetle Limonius aeruginosus (Olivier) (Merivee et al. 1998), the

‘‘sensilla basiconica type II’’ in Phoracantha semipunctata F. (Lopes et al. 2002),

and the ‘‘sensilla basiconica type II’’ in Callosobruchus chinensis L. and

Callosobruchus maculatus F. (Hu et al. 2009). SB2 resemble the ‘‘large trichoidea

sensillum’’ in the click beetle L. aeruginosus (Merivee et al. 1998) and the ‘‘sensilla

basiconica III’’ in the lady beetle, Hippodamia variegate (Geoze) (Hao et al. 2020).

The SB3 of T. substriatus are similar to the ‘‘sensilla basiconica type I’’ in P. dorsalis

(Dai and Honda 1990), the ‘‘sensilla basiconica type II’’ in L. aeruginosus (Merivee

et al. 1998), the ‘‘sensilla basiconica type I’’ in P. semipunctata (Lopes et al. 2002),

and the ‘‘sensilla basiconica type I’’ in C. chinensis and C. maculates (Hu et al.

2009).

Fig. 6. Dorsal side of scape of male (A), dorsal surface of the scape and
pedicel of female (B), ventral surface of the fifth and the sixth
flagellomere of female (C), and posterior surface of the terminal
flagellomere of male (D).
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In male and female adults of T. substriatus, SB were distributed in clusters that
formed a line along the posterior border from the fifth to the eighth flagellomere
(Figs. 4D, 5A). This clustering may improve the ability to sense olfactory molecules.
SB clusters also have been found in Hypera meles (F.) (Smith et al. 1976), P.
dorsalis (Dai and Honda 1990), P. semipunctata (Lopes et al. 2002), Phoracantha
recurva Newman (Faucheux 2011), Xylotrechus grayii (White) (Chen et al. 2014),
and T. fuscum (MacKay et al. 2014). These olfactory sensilla clusters have been
deduced to have sensory functions and may constitute an expanded odor-sensing
area to facilitate long-distance olfactory detection (Inouchi et al. 1987). The sexual
dimorphism in SB distribution was observed in Apriona germari (Hope), which had
clustered SB only found on the male antennae (Zhuge et al. 2009). Moreover, in
some Coleoptera, males have more SB than females, suggesting that they are
involved in perceiving female sex pheromones (Hu et al. 2009, Merivee et al. 1998,
Zhang et al. 2011).

ST1 have been described as the ‘‘sensillum trichodeum’’ in the desert locust
Schistocerca gregaria (Forskål) (Ochieng and Hallberg 1998), the ‘‘sensilla
trichodea 2’’ in the cabbage stem beetle P. chrysocephala (Bartlet et al. 1999),
the ‘‘sensilla trichoid 2’’ in the bruchid beetles C. chinensis and C. maculatus (Hu et
al. 2009), and the ‘‘sensilla trichodea’’ in the phytophagous beetle Chrysolina
aeruginosa Falder (Zhang et al. 2013). In many moths and the click beetles, sensilla
trichodea have been shown to respond to the female sex pheromone (Keil and
Steinbrecht 1984, Merivee et al. 1999, Zacharuk 1980). Striking differences in the
number of these trichodea sensilla on the antennae of M. villosus (Geoffroy)
(Merivee et al. 1999) and C. maculatus (Hu et al. 2009) suggest that they probably
function as sex pheromone receptors in males of some beetles. In contrast, no
striking sexual differences in the number of the blunt-tipped trichodea sensilla were
found in the predatory clerid beetle T. substriatus, indicating that these sensilla
probably respond to aggregation pheromone produced by the individuals of the
same species.

ST2 of T. substriatus are similar to the ‘‘sensilla trichodea’’ of the click beetle L.
aeruginosus (Merivee et al. 1998) and the ‘‘sensilla trichodea 1’’ of the ground
beetle Bembidion lampros (Herbst) (Ploomi et al. 2003). Sensilla trichodea have
been found to play a major role in sensing mechanical stimuli and in recognizing
chemical stimuli in insects (Amornsak et al. 1998, Onagbola and Fadamiro 2008,
Roth and Willis 1951, Roux et al. 2005). ST2 of T. substriatus are more likely to
have a tactile function.

Sensilla similar to Böhm bristles of this study are found on the antennae of other
beetle species, such as Semiadalia undecimnotata Schneider (Jourdan et al. 1995),
C. chinensis (L.) (Hu et al. 2009), and Tetrigus lewisi Candèze (Ren et al. 2014).
Böhm sensilla, described for the first time in Lepidoptera (Böhm 1911), are typical
bristles found at the base of the scape and at the base of the pedicel and most
probably are homologous in all insects (Schneider 1964). Merivee et al. (1999)
described Böhm bristles as classical mechanoreceptors. The placement of Böhm
bristles in dense groups in the articulation between the head and scape, and scape
and pedicel, suggests a role in proprioception of antennal position and movement.

In this study, we describe a fundamental morphological study of the mechanical
and olfactory sensilla in T. substriatus. These findings also provide important
information for further research on the host location and habitat searching behavior
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of this predatory beetle. We hope that our findings will provide a useful foundation

for future studies of the olfactory system and, therefore, assist in biological control

using T. substriatus.
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