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The morphological characterization of the sensilla on the antenna
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ABSTRACT: The main sensory organs of the insects are sensilla who act as thermohygrore-
ceptor, chemoreceptor, or mechanoreceptor and sensilla are found in various structures of
insects such as the head, antenna, mouth, and legs. The number, distribution, position, and

types of sensilla vary between insect groups and can be used as taxonomic characters. For

this reason, since no study has been found on the sensilla of Notonecta viridis Delcourt, 1909
(Hemiptera: Heteroptera: Notonectidae) in the literature, it is aimed to study the morphology

of the sensilla in the antennae and mouth parts of female and male individuals of this species.

For this purpose, scanning electron microscope (SEM) techniques were used in this study.
After cleaning and drying the female and male N. viridis individuals, the samples were coated
with gold or gold -palladium and examined in SEM. According to the results that we got, 3 major
types of sensilla with different diameters have been identified on the mouthparts: sensilla
basiconica, sensilla trichodea, and sensilla coeloconica. But 2 major types of sensilla were
found on the antenna: sensilla basiconica and sensilla trichodea. Of all these sensilla types,

the most common is the sensilla trichodea. The results that we got from this research were

also compared with  other sensilla of different species in the literature, and similarities and differ-
ences were revealed .
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INTRODUCTION and diversity of the several species and ~
balance the population (Murdoch et al.,

Predator insects effects the distribution 1984).
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The genus Notonecta includes predator 2021).
species that feed on other insects (Giller &
McNeill, 1981). Notonecta viridis Delcourt,
1909 (Hemiptera: Notonectidae)  is a predatory
species that feeds on mosquito larvae of
this genus (Figs. 1a -b). This species, "\ "5019. Amutkan Mutlu et al., 2021
which feeds on an average of 26 mosquito
larvae daily, plays a role in preventing the Polat etal., 2021).

Yy, play p g
excessive reproduction of flies. The main objective of this study is to
determine the morphologica | structures of
the sensilla in the antenna and mouth-
parts of N. viridis and to establish its place
Therefore, N. viridis is an ecologically in the literature.
i mportant i nsect species (Sui - mez &

¥zmen, 2012). MATERIALS AND METHODS

The sensilla on the antenna and mouth
parts varies morphologically among
insect species (Brozek & Bourgoin, 2013;
Nowinska & Brozek, 2017; Taszakowski

Thus, it is ensured that the food chain in
the aquatic environment is kept in balance.

Another important feature  of this species is
that it has a wide distribution area. Individuals

of the N. viridis species have been reported
by various researchers to be found in Turkey

The adult male and female individuals of
Notonecta viridis (Figures 1A -B) were
collected in Isparta Denizli and Antalya
provinges 2000 -2001 and Were

(Kéyak et al ., 2004) ,
Bulgaria, Hungary, Croatia, Macedonia preser e 55 s%um malteria. ¥
(Josivof, 1999; Pr ot Eimtofalkthe adtéer sudage of the integuneny |
Romania (Berchi et al.,, 2011), Algeria of the samples stored in Gazi University
(Annani et al., 2012), Ukraine (Grandova, was cleaned. Subsequently, the samples
2013), Spain (Garcia -Aviles et al., 1996), were air dried and mountened on the
Iran (Askari et al., 2009; Khaghaninia et SEM stubs.

al., 2010).

The samples on the stubs were coated
The distribution area of N.viridis in with Au with Polaron SC502 or Au/Pd
Turkey is in Afyon, ovihr Leiea EVin ACE2B0mgpitigr acoater,
provinces (Kéyak et ablserved in OHitachi SB500u FESEM
Mesci, 2011; ¥zmen, 2QX2&)dérém Beyazét Uni vel
and JEOL JSM 6060 LV SEM (Gazi
University, Prof. Dr. Zekiye Suludere
Electron Microscope Center) and photo-
graphed (at 5 -15 kV accelerating voltage).

Sensilla are structures found on many
body parts of insects and play a vital role
in processes important to their lives,
such as finding food or mates (Isidoro et
al., 2001; Fu et al., 2012; Cao & Huang,
2016; Seada & Hamza, 2018; Faucheux RESULTS
et al., 2020). For example, sensilla on the
mouthparts are involved in finding food,

while those on the antennae play a role in

detecting volatile chemicals in the air
(Chapman, 1998; Carey & Carlson, 2011;
Brozek & Zettel, 2014; Parveen et al.,

In N. viridis , the mouth consists of a
labrum and a 4 -part labium, while the
antenna is divided into 4 segments. But
looking at these parts in general, 3 types
of sensilla in different sizes were identified;
sensilla basiconica (SB), sensilla trichodea

1892 NSSI9) 220z kel ‘(T)y “>UNLI8HC

2015; Rani et al., 2021). (ST), and sensilla coeloconica (SCo)

For all these processes, the sensilla act ~ according to the results of this study, in

as chemo -receptors, mechanoreceptors,  Which the sensilla, which are the main &
or thermohygror eceptSEmSQy organa nethe tmeushyparts and N
2008; Fu et al., 2012; Brozek & Bourgoin, antennae of N. viridis , were investigated. L
2013; Freitas et al, 2020; Giglio et al., Compared to the mouthparts, there is a

2021; Polat et al., 2021; Zhang et al., much denser sensilla appearance in the

antenna region.
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Sensilla on the mouth parts

The mouth parts of the  N. viridis are composed
of one-piece Lm and four segmented Lb
both in male and females (Figs. 2a -b).
The labrum is a triangular region located
above the first segment of the labium.
While SCo and ST were detected on the
labrum of males, no sensilla was found in
females (Figs. 3a -d).

The first segment of the labium (Lb
has ST on its surface in males. Some of
them appear bent, while some are
straight. Although females have the same
sensilla, the bent ones are slightly more
inclined than the males (Figs. 4a  -b).

SEM images of the second segment of
labium (Lb -2) show that SBs are the most
common sensilla type in the image area

on Lb -2.

-1)

There are 2 different types of SBs located
towards both sides near the Lb -1 connec-
tion region of LB -2.

Although these two types of SB are close
to each other in length, some are
straight, while others are curved in a
sickle shape. Apart from the SBs, there
are also some STs. All the observations
apply to both sexes (Figs. 5a -d).

According to the observations, there are
STs in different sizes and shapes on the
surface of the third segment (Lb  -3) of the
labium of both males and females. On
the Lb -3, close to the other two parts of
the labium, two pairs of STs are symmetrically
located on either side of the midline.

In addition, STs were also found in the
lateral regions of Lb -3. Some STs on the
lateral sides of the Lb -3 have slightly bent
ends. At the tip of Lb -3, close to the
fourth segment of the labium (Lb  -4),
there are also | ong
from the bottom, and small and thin STs
(Figs. 6a -f).

There are very small SBs in the portion of
Lb-4 close to Lb -3. At the very tip of Lb -4,
very long curled STs are the dominant
sensilla types, and there are very small
STs between them (Figs. 7a -b).

PISEUSBIOM t a

Sensilla on the antenna

The antenna of N. viridis males and
females are composed of 4 segments
(Figs. 8a-b). Each segment of antenna
has a large number of sensilla of different
types and lengths.

In the first segment of the antenna,
which is close to the proximal part, there
are thin and long STs with slightly curved
arc-shaped ends (Fig. 9).

The second and third segments of the
antenna are seen more densely in terms
of sensilla ratio compared to other
segments.

The second segment of the antenna is
surrounded on all sides by long and
curved STs. These sensilla are so densely
arranged that the surface of the antenna
is hardly visible.

At the posterior margin of the 2nd antennal
segment there are a number of longer
sensilla located side by side. These
sensilla are flattened shaped sensilla that
expand slightly from bottom to end (Figs.
10a-b).

The 3rd antennal segment, like the 2nd
antennal segment, has a large number of
slightly curved STs.

In addition, at the posterior margin of
this segment, there are spatulate -type
leaf-shaped sensilla with enlarged ends,
which are arranged at a certain distance
like sparse comb teeth (Figs. 11a  -d).

The spatulate -type leaf -shaped STs with
flattened and enlarged ends are also seen
in the 4th segment, which is shorter than
the 2nd and 3rd antennal segments (Fig.
12).

90A

Although various organs in insects have
some similar common features, when
their detailed structures are examined, it

is observed that there are some differences
in these structures among insect taxa.

mo st

Although the mouth parts of Hemiptera
insect species have some differences such

1892 NSSI9) 220z kel ‘(T)y “>UNLI18HC
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as number and sizes of segments or chemically, mechanically or with thermo-

sensilla types and distribution, they hygro -receptor way (Chapman, 1998; Care vy
contain similar parts, as the labrum & Carlson, 2011; Brozek & Zettel, 2014;
(Lm), the labium (Lb), labial groove, and Parveen et al ., 2015; No v
stylet fascicle (Wang et al., 2020; Amut- 2021; Rani et al., 2021). Although the
kan Mutlu et al., 2021; Polat et al, sensilla in the mouthparts of N. viridis
2021). are not very dense, the most common
N.viridis also has a triangular one -piece types are ST and SB.
labrum and a short labium. The labium The density of sensilla in antenna in N.
divided four distinct parts in N. viridis viridis is much higher than in mouth-
such as in some other Hemipteran parts.
species like Physopelta gutta (Burmelsterl, The most common type of sensilla is ST.
1834) (Hemiptera, Largidae), Dolycoris . . ;
- . SimijJardy, in the study
indicus St -1 , 1876 ( P&eriluat;o mie ake)., ?
. . BTt oUe i'n 2021, they di ¢
bioculatus (F.) (Pentatomidae), Physopelta . !
X ; number of sensilla, most of which were
quadriguttata Bergroth, 1894 (Largidae), : X
X ) : ST, in the antenna of the species they
Piezodorus  hybneri (Gmelin,  1790) : .
; examined. These sensilla of antenna
(Pentatomidae), Eocanthecona furcellata ; X
; . sensilla, on the other hand, have various
(Wolff)  (Pentatomidae), Macrocheraia functions
grandis (Gray, 1832) (Largidae), and Aelia '
rostrata Boh. (Pentatomidae). Generally, STs are classified as sensilla
On the contrary. some Hemioteran species that act as mechanoreceptors. In their
. Y P Specie research it is reported that thick ST
have different segment number in their ; S
. L sensilla of Plea minutissima were olfactory
labium, such as Eurygaster testudinaria ) .
(Geoffroy, 1785) (Scutelleridae) (Parveen and th|_n ones —were chemosoensnla
. ( Nowirska & BroUek, 2021

et al.,, 2015; Wang et al., 2019, 2020;
Amutkan Mutlu et al., 2021; Polat et al.,
2021).

In insects, sensilla are indispensable for
the insect to maintain its vital activities.
Each types of sensilla in insects has

type can be determined by its external

The number, distribution and structure
of the sensilla in insects may be of taxo-
nomical significance. In many studies
with insect sensilla, it has been men-

structure (Nowirska & Bro

. . [
divergent sensory duties. tioned that these features can be used as &
For instance, the ST on the mouthparts distinguishing characters. 5
Ic?u;ergggaer?:hae?s mechanoreceptors by vari- This _is (_jue _to the variatic_n_w in mo_rpholo- =
' gy, distribution, and densities of different I
The main role of them in nutrition is to sensilla among different insect families, e
find out of the nutrients. On the other genus, species, and even between the =
hand, the BS provides the movement of both sexes of the same
the mouthparts (Wang et al., 2019; 1978, van Baaren et aly
Amut kan Mutlu et al.,2@081; Noowiskaa&&BroUely
BroUek, 2021; Pol at e al, 2021). In céh€uidn)there are 3 kinds =
Because, in the light of this information, of sensilla with different subtypes on Fhe 3
it is thought that, on the mouthparts, mouthparts and antennae of  N. viridis . 5
sensilla types, distributions or numbers The presence of different types of sensilla %
are related to the feeding habits of the in N. viridis , especially on the antenna, is
insect (Polat et al., 2021). an indication that they can perceive vari- ﬁ
Sensilla are important not only for nutrition ous stimuli. It is hoped that, this study §

based on the sensilla on the mouthparts
and antenna of N. viridis will contribute
to literature shed light on the work to be
done on this subject.

but also for activities such as finding a
mate. All these processes are provided by
detecting volatiles in the air such as
pheromones or nutrients by sensilla



Journal of the Heteroptera of Turkey

REFERENCES
igren, L., 1978, Fl agel |l
of Andrena (Hymenoptera: Andrena),

International Journal of Insect Morphology
and Embryology , 7: 73 -79.

Akent 6eva, N . A, 2008,
antenna sensory apparatus in some bug
(Heteroptera) species in the course of their
postembryonic development,  Entomological
Review, 88(4): 381 -390.

possible functlons of sensilla, Insects, 11
Amut kan Mut |l u, D. , Polat(2)1I37 z¢pek, H. ,
Kéyak, S. , Suluder e, Z . 021 A scanning

electron microscope study of the sensilla
on antenna and mouthparts in Eurygaster
testudinaria  (Geoffroy, 1785) (Hemiptera,
Heteroptera, Scutelleridae), Journal of the
Heteroptera of Turkey , 3(1): 14 -30.

Annani, F., Alfarhan, A. H., Samraoui, B.,
2012, Agquatic Hemiptera of northeastern
Algeria: distribution, phenology and conservation,
Revue d' ®c¢c@):lddi e

Askari, O., Farshbaf Pourabad, R., Khaganinia,
S., 2009, Faunistic study of Heteroptera of
Zanjanroud region in Zanjan province of
Iran, Munis Entomology & Zoology , 4(2),
560 -563.

Berchi, G. M., Petrovici, M., llie, D. M., 2011,
Aquatic and semiaquatic true bugs
(Heteroptera: Nepomorpha) of Cefa Nature
Park (North -Western Romania), Analele
Universitatii din Oradea Fascicula Biologie
18(1), 29 -33.

BroUek, J., 2008, Morpho
of the Iablal sensilla of the water bugs,
Bulletin of Insectology , 61, 67 -168.

BroUek, J .,
and distribution of the external labial sensilla

in Fulgoromorpha (Insecta: Hemiptera),
Zoomorphology , 132(1): 33 - 65.
BroUek, J., Zettel, H.,

the external morphology and functions of
labial tip sensilla in semiaquatic bugs
(Hemiptera: Heteroptera: Gerromorpha ),
European Journal of Entomology , 111(2):
275-297.

Cao, Y. K., Huang, M., 2016, A SEM study of
the antenna and mouthparts of Omosita
colon (Linnaeus) (Col.: Nitidulidae), = Microscopy
Research and Technique , 79(12): 1152 -
1164.

Carey, A. F., Carlson, J. R., 2011, Insect
olfaction from model systems to disease

Gar cARwai

Bourgoin, T.

Giller,
Spiegies, regource pagtipring and bakitat o f

control, Proceedings of the National Academy
of Sciences,, 1?8F32): 129f87 -12995.
ar sensi a o t wo
Chapman, R. F., 1998,
Chemoreception, In: Chapman R. F. (Ed.).
The Insects, Structure and Function

University Press, UK 610
The ormati on

Faucheux, M. J .,
2020, Comparative antennal morphology
of Agriotes (Coleoptera: Elateridae), with
special reference to the typology and

-652 pp.
o‘%p t he

Freltas S. P. C,, Santos, L. C., de Souza, A.
C., Junqueira, A. C. V., 2020, Morphologi-
cal aspects of antennal sensilla of the
Rhodnius brethesi Matta, 1919 (Hemiptera:
Reduviidae) from the Negro river, Amazon
region of Brazil, Journal of Parasitology
Research, 1-6.

Fu, B. X., Bellis, G. A., Hong, J., Wang, J. R,
Wu, Q., Tang, Q. Y., Cheng, J. A, Zhu, Z.
R., 2012, Morphology, distribution, and
abundance of antennal sensilla of male
and female macropterous and brachypterous
small brown planthopper,
striatellus ( Fal | ®n)

(11): 1492 -1512.

| ®s, J. ., Pui g,
1996, Distribution and associations of the

aquatic Heteroptera of the Balearic Islands
(Spain), Hydrobiologia , 324(3), 209 -217.

Giglio, A., Mazzei, A., Vommaro, M.L,,
I ‘Bl%ﬁ/dmaf%/rnI‘-""1 2@2& 'ARteh@af S fsiltatin

an anophthalmic wood

Clinidium  canaliculatum Costa 1839
(Colegpigra, Rhysodifiag).r YikrestoRy g%search
and Technique , in press doi: 10.1002/

jemt.23969.

P. S., McNeill, S., 1981, Predation
selection in  Notonecta (Hemiptera/
Heteroptera), The Journal of Animal Ecology
789-808.

Grandova, M. A., 2013, Aquatic Heteroptera

(Nepomorpha, Gerromorpha) in small
intermittent rivers of Ukraine steppe zone,
ZooKeys, (319): 107 -118.

Isidoro, N., Romani, R., Bin, F., 2001, Antennal

multiporous  sensilla: their gustatory
features for host recognition in female
parasitic wasps (Insecta, Hymenoptera:
Platygastroidea),
Technique, 55(5): 350 -358.

66

, Cambridge

N®met h,

Laodelphax
(Hemi pter a:
Microscopy Research and Technique , 75

-dwelling species

Microscopy Research and

species
Mechanoreception.

1892 NSSI9) 220z kel ‘(T)y “>UNLI18HC

(6vee-



Journal of the Heteroptera of Turkey 67

Josifov, M., 1999, Heteropterous insects in Rani, A. T., Shashank, P. R., Meshram, N. M.,
the Sandanski -Petrich Kettle, Southwest- Sagar, D., Srivastava, C., Pandey, K. K., Singh,
ern Bulgaria, Historia Naturalis Bulgarica J., 2021, Morphological characterization of
10, 35 -66. antennal sensilla  of Earias vittella
(Fabricius) (Lepidoptera: Nolidae), Micron,

Khaghaninia, S., Askari, O., Farshbaf Pour -

Abad, R., Shahim, K., 2010, Some additional 140: 102957.
notes about Heteroptera fauna of Qaradag Salur, A., Mesci, S., 2011, Nepomorphan Fauna
forests -lIran, Munis Entomology & Zoology , of ¢orum Province (Hemipte
5(2), 513 -518. Munis Entomology & Zoology , 6(2), 1014 -
Kéyak, S. ., Salur, A, CaanGUIat, S. ., ¥zsar a-,
¥ ., 2004, Contri but i onSeada, M. A, Hamza 4. Ma 2018¢Diffarentdal
semiaquatic heteroptera fauna of the Afyon morphology of the sensory sensilla of
province, Gazi University Journal of Science , antennae, palpi, foretarsi and ovipositor of
17(2), 31 -34. adult  Tribolum castaneum  (Herbst) (Coleoptera:
Murdoch, W. W., Scott, M. A., Ebsworth, P., gghib_rgn'dae)’ Annals of AgriculturalScience
1984, Effects of the general predator, ’ ’
Notonecta (Hemiptera) upon a freshwater Sui cmez, M. , ¥z men, R. , 201
community, The Journal of Animal Ecology , of midgut's ultrastructure of Notonecta
791 -808. viridis Decourt, 1909 and  Notonecta maculata
. ° Fah.,. 1794 emiptera:  Notonectidae
Nowirska, A.. BroUek, 3. ;doyd MOEol e gictid |
study of the antennal sensilla in Gerromorpha 1(1), 7-11
(Insecta: Hemiptera: Heteroptera), Zoomorphology ' ’
136: 327 -347. Taszakowski, A., Nowi r ska,
. o 2019 rphological stydy of the labial
" Otr\:\élaétesnrl:afs,ensilg .of‘Not(?n;ctooi(L;e?a Iz(an‘d T seésﬁazln%Nabidﬁéo(lﬁe%ilbte?aE IQe%rgptel%:f
. . ) Cimicomorpha), Zoomorphology , 138(4):
comparison of evolutionary changes in 483 -492
sensilla types and distribution in infra '
order Nepomorpha (Insecta: Heteroptera), van Baaren, J., Boivin, G., Le Lannic, J.,
Insects, 12(12), 1121. Nednon, J. P., 1999, Compa
- nal sensilla of Anaphes victus and A.
¥ ergoegnv’ NRt. ’Nm(mébmlz”“d'sf bdeclo7ugr2 listronoti (Hymenoptera, Mymaridae), egg
, Ve NO onecta_macu ata  fab., . rasitoids of Curculioniq)ae, .Zoomarphology ,
(Hemi ptera: Notonectl-dag?gllqso t a akérsa
kénén ince yapésénén araltérél masé@. Master's
thesis, Hitit University, Institution of Science, Wang, Y., BroUek, J., Dai, 2Ww.
¢orum, 75 pp. disparity of the mouth  -parts in polyphagous
spegies of Largidae (Heferoptera: ~ Penptatomo -
Parveen, S., Ahmad, A., Brrﬁciﬁpﬁe{(. 'Pyrrhocoroid a% 'pea\llégférfée it¥g’

V. V., 2015, Morphological diversity of the
labial sensilla of phytophagous and predatory
Pentatomidae (Hemiptera: Heteroptera), Wang, Y., Li, L., Dai, W., 2019, Fine morphology

specialization, Insects, 11(3): 145.

1892 NSSI9) 220z kel ‘(T)y “>UNLI8HC

with reference to their possible functions, of the mouthparts in  Cheilocapsus nigrescens

Zootaxa, 4039(2): 359 -372. (Hemiptera: Heteroptera: Miridae) reflects
Polat, 1., Gozgpek, H., KkEPEN & eVERROR o papls 5

2021, The sensilla on head, antenna and ' ' '

mouth parts in Aelia rostrata Boh. Zhang, Y. J., Chen, D. Y., Chao, X. T., Dong,

(Hemiptera, Pentatomidae): A scanning Z. S., Huang, Z. Y., Zheng, X. L., Lu, W.,

electron microscopical study, Journal of 2021, Ultrastructure of antennal sensilla

the Heteroptera of Turkey , 3 (2): 118 -139 of  Copidosomopsis  nacoleiae (Eady)

. ~ . (Hymenoptera: %};}alcidoidea: ncyrtidae),

Protil, L., Hivil, N., agatja'oid o) atD%pghania r%&stalis

(Heteroptera) in the catchment area of river
Sitnica (Serbia), Acta Entomologica Serbica ,
17(1/2), 29 -37.

(Snellen) (Lepidoptera: Crambidae),  Microscopy
Research and Technique , 84(9): 2149 -
2165.

(6vee-



Figure. 1.
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The female (a) and the male (b) individual of

N. viridis

68
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Figure. 2. The general view of the head and the mouthparts of
Lm: labrum, Lb: labium (SEM images)
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N. viridis. a. Female, b. Male.
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Figure. 3. a. The general view of the mouthparts of female
mouthparts of male  N. viridis. (SEM images)

N. viridis. b. The general view of the
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Figure. 3. c. The detailed view of the Lm of female. d. The detailed view of the Lm of male.
Lm: labrum, Lb: labium, arrows: SCo, encircled: SB (SEM images)
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Figure. 4. a. Long STs (arrows) and short STs (encircled) on the first segment of labium (Lb1)
of female. b. Long STs (arrows), short STs (encircled), and SCo (arrowhead) on the first seg-
ment of labium (Lb1) of male (SEM images)

(6vee-




Journal of the Heteroptera of Turkey

Figure. 5. a. The general view of the second segment of labium (Lb2) of female. b. The general
view of the second segment of labium (Lb2) of male.
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Figure. 5. c¢. The detailed view of the SB (arrows) and ST (arrowhead) in females. d. The
detailed view of the SB (arrows) and ST (arrowhead) in males (SEM images)
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Figure. 6. a. The general view of the third segment of labium (Lb3) of female. b. The general
view of the third segment of labium (Lb3) of male.
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