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Abstract: Adults of the beetle Cyclocephala literata Burmeister, 1847 are important pollinators to some
Magnoliaceae. Is known that insects could find host plants by detecting volatiles through antennal sensilla.
Cyclocephala has its three distal antennomeres lamellate, and the surface of each lamella has sensilla trichodea,
chaetica, placodea, coeloconica, basiconica and ampullacea. Three kinds of sensilla placodea were found (type I,
II and III), and two kinds of sensilla coeloconica were observed (type I and II). Females have on average 10,776
sensilla, of which 10,214 are sensilla placodea, 536 are sensilla coeloconica, and 26 are sensilla basiconica. Males
have on average 10,386 sensilla, of which 9,873 are sensilla placodea, 464 are sensilla coeloconica, and 49 are
sensilla basiconica. Males and females have similar quantities of sensilla, and sensilla placodea are predominant.
The differences observed in the number of sensilla of males and females were found in other beetles and were
attributed to the detection of cospecific sexual pheromones by one of the sexes, or to the detection of plant volatiles.
The antennal sensilla of C. /iterata is described and quantified in present study, and some perspectives about the
differences kind of chemical communication, pollination, and antennae dimorphism is discussed.

Keywords: chemical receptors; Cyclocephalini; masked chafer; morphology, ultrastructure.

Sensilas antenais em Cyclocephala literata Burmeister, 1847 (Coleoptera:
Scarabaeidae: Dynastinae)

Resumo: Adultos do besouro Cyclocephala literata Burmeister, 1847 desempenham importantes fungdes de
polinizagio em plantas da familia Magnoliaceae. E conhecido que muitos insetos encontram plantas hospedeiras
pela detecgdo de volateis pelas sensilas antenais. Cyclocephala possui os trés antendmeros distais lamelados e
na superficie de cada lamela possuem sensila trichodea, caética, placddea, coeloconica, basiconica e ampulacea.
Foram encontrados trés tipos de sensilas placddeas (tipo I, II e III), e dois tipos de sensilas coeloconicas (tipo I
e II). Fémeas apresentam em média 10.776 sensilas, das quais 10.214 sdo sensilas placodeas, 536 sdo sensilas
coeloconicas e 26 sdo sensilas basiconicas. Os machos apresentaram em média 10.386 sensilas, das quais 9.873
sdo sensilas placddeas, 464 sdo sensilas coeloconicas e 49 sdo sensilas basiconicas. Machos e fémeas apresentam
quantidades semelhantes de sensilas e as sensilas placodeas sdo predominantes. As diferengas encontradas nas
quantidades de sensilas em machos e fémeas também foram encontradas em outros besouros e foram atribuidas a
deteccdo de feromonios coespecificos por um dos sexos, ou para detec¢ao de volateis de plantas. A sensila antenal
de C. literata ¢ descrita e quantificada no presente estudo, e algumas perspectivas sobre as diferengas entre os
tipos de comunicagdo quimica, polinizagdo e dimorfismo antenal é discutido.

Palavras-chave: receptores quimicos, Cyclocephalini; escaravelho,; morfologia; ultraestrutura.
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Introduction

Scarab beetles (Coleoptera: Scarabaeidae) are a diverse group with
a wide range of adult feeding habits, including phytophagous species
that consume leaves, flowers, and fruits of diverse plant species;
some species cause damage to cultivated plants (Solis 2004, Maia &
Schlindwein 2006, Shaughney & Ratcliffe 2015, Rodrigues et al. 2016,
Ferreira et al. 2018). Moreover, larvae of some phytophagous scarabs
feed on roots and also may cause economic damage to crops (Santos &
Avila 2009, Cherman et al. 2011, Coutinho et al. 201 1). The antenna of
adult scarab beetles has several minute sensorial structures that detect
plant volatiles, gases, and pheromones (Kim & Leal 2000, Larsson et al.
2001). These sensilla are associated with beetle orientation, resource
location, aggregation behavior, and mating (Schneider 1964, Leal &
Mochizuki 1993, Larsson et al. 2001, Romero-Lopez 2016).

The phytophagous scarab beetles are also known as Pleurosticti
(basal spiracles in the connective membrane, partly in the urosternites,
the last pair not being covered by the elytra, according to Lima
(1953)), a group that includes speciose scarabaeoid subfamilies, such
as Cetoniinae, Dynastinae, Melolonthinae, Rutelinae, and other smaller
taxa (Moron 2004). Pleurosticti is recovered as monophyletic in cladistic
analyses (Browne & Scholtz 1998, Hunt et al. 2007, Ahrens & Vogler
2008, 2011, Bocak et al. 2014, Cherman & Morén 2014, Mckenna et.
al. 2015, Sipek et al. 2016).

Within this large group, some studies found evidence of the volatiles
detection by the antennal sensilla, helping the insect to find potential
mating partners, host plant, or other specimens to form an aggregation
(Kim & Leal 2000, Larsson et al. 2001, Rodrigues et al. 2014).
Regarding of phytophagous scarab beetles, it is seemed that both sexual
pheromone and plant volatiles are used to guide beetles to sites (the host
plant) were mating and feeding occurrences (Gottsberger 1989, Maia
et al. 2013, Moore & Jameson 2013), such as in some Rutelinae (e.g.,
Hansson etal. 1999, to Phyllopertha diversa Waterhouse, 1875; Larsson
et al. 2001, to Anomala cuprea (Hope, 1839)), and in Melolonthinae
(e.g., Sunetal. 2014, to Holotrichia oblita (Faldermann, 1835); Ruther
et al. 2000, to Melolontha hippocastani Fabricius, 1801).

The importance of plant volatiles to scarab beetles may elucidate why
the host plant flowering and beetle swarming are concomitant processes
(e.g., Rodrigues et al. 2014, to the ruteline Anomala testaceipennis
Blanchard, 1856; Rodrigues et al. 2017, to the melolonthine Liogenys
bidenticeps Moser, 1919). Sexual pheromones and plant volatiles are
also used by Dynastinae beetles, and plant volatiles are especially
important to pollinators as some species of the tribe Cyclocephalini
(see Schiestl & Doétterl 2012, Vuts et al. 2014).

The genus Cyclocephala Dejean, 1821 (Dynastinae: Cyclocephalini)
is a group of New World phytophagous scarabs, of which 123 species
are known to occur in Brazil (Grossi & Vaz-de-Mello 2019). Adults
sometimes swarm on plant and consume leaves and flower parts (Oliveira
& Avila 2011, Moore & Jameson 2013, Dias & Rodrigues 2018), and
they use the plant as a mating site (Gottsberger 1989, Munin et al. 2008,
Maia et al. 2013, Costa et al. 2017). Within the genus, the antennal
sensilla is known to and undetermined species (Bohacz et al. 2020)
and to Cyclocephala putrida Burmeister, 1847 (Saldanha et al. 2020).

Within the genus, Cyclocephala literata Burmeister, 1847 was
registered to Sdo Paulo, Rio de Janeiro, and Santa Catarina States, in
the Atlantic Forest and Cerrado (Brazilian Savanna), mainly in gallery
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forests (Endrodi 1985; Gottsberger 1986). This specie is the only known
pollinator of Magnolia ovata (A.St.-Hil.) Spreng. and an occasional
flower visitor to Annona crassiflora Mart. (Magnoliaceae; Gottsberger
1986, Gottsberger et al. 2012). Gibbs et al. (1977) provisionally
identified the pollinator of M. ovata as the cyclocephaline beetle
Augoderia nitida Burmeister, 1847 or Cyclocephala aff. emarginata
Endrédi, 1966 but Seymour et al. (2010) named the species as C.
literata based in personal communication with two dynastine specialists.
Magnolia ovata (“baguagu”) is an important plant to Brazilian forest
ecology specially in gallery forests (Cazetta et al. 2002), a medicinal
plant (Stefanello et al. 2005, Kassuya et al. 2009), used in several human
activities (to building constructions, craftsmanship, and other usages)
and is an endangered species (Carvalho 2003).

Gottsberger et al. (2012) described the attraction of C. literata to
volatiles produced by M. ovata. To Seymour et al. (2010) the floral
thermogenesis could increase the volatilization of plant odorants and
the heat itself is an attractant (energy reward). Regarding the above-
mentioned biological importance of the Cyclocephala literata, the
present work aims to describe the antennal sensilla of the beetle.

Material and Methods

This study was conducted at the Universidade Estadual de Mato
Grosso do Sul (UEMS), Campus of Cassilandia, MS, Brazil. Adults of
C. literata were obtained by using two methods: 1) collecting and rearing
larvae and 2) capturing adults attracted to a light trap model “Luiz de
Queiroz” (Silveira Neto & Silveira 1969). Larvae were collected from
decomposing organic matter in the soil from January to December
2018. A total of 161 larvae was collected and reared in laboratory.
Each larva was kept separately in a plastic container (500 mL) filled
with the original substrate (2/3 of the container volume). A total of 35
adults were obtained, 18 males and 17 females. Furthermore, 40 adults
(15 males and 25 females) were collected using a light trap in a pasture
area dominated by Urochloa decumbens (Stapf) Webster (Poaceae).

Males and females were sexed by the dimorphism of the protarsi
(Figure 1): males have tarsomere V enlarged and claws strongly curded
regarding females. The specimens were preserved in 70% ethanol
and are deposited in the UEMS entomological collection, campus
Cassilandia. Adult reared voucher specimens were sent to Prof. Dr.
Paschoal Coelho Grossi (Universidade Federal Rural do Pernambuco,
Recife, Brazil) for species identification. The antennae of 10 males and
10 females were detached from the head and prepared according to the
procedures described by Tanaka et al. (2006). Each sample (lamella) was
successively dehydrated in 80% ethanol and 90% ethanol for 15 minutes
each and 100% ethanol for 20 minutes. The samples were dried by CO,
critical point drying with a Leica® CPD300 dryer before imaging was
taken with a Zeiss® EVO LS15 scanning electron microscope (SEM)
at the Departamento de Fisica ¢ Quimica da Universidade Estadual
Paulista, campus Ilha Solteira, state of Sdo Paulo, Brazil. Were taken
images of the external surface of lamellae when it is closed and also
the inner surface contact between lamellae. Images were obtained with
magnifications of 100, 20 and 10 pm. Sensilla terminology follows
Keil (1999). The images obtained in SEM were subjected to image
enhancement filters available in the software Image-Pro Plus 6.0. The
sensillae were quantified in the images obtained by SEM.
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Figure 1. Cyclocephala literata Burmeister, 1847. A) male B) female.

Results

The outer surface of the lamellae of C. literata have several sensilla
chaetica and sensilla trichodea (Figure 2A, C, D, E and F, Figure 3A,
C and E). Both sensilla are hair-like, but sensilla chaetica are short and
grouped on inner surface of proximal lamella and sensilla trichodea are
long. The inner surface of proximal and distal lamella, and both sides
of medial lamella have sensilla placodea, sensilla ampullacea (= pores)
(Figure 3F), sensilla basiconica, sensilla coeloconica, and some fovea
that enclose sensilla placodea I and sensilla basiconica (Figure 2—-3).

Three types of sensilla placodea are identified (Figure 3B and F).
Type I (Meinecke 1975: G2; Bohacz et al. 2020: placodea F) is a plate
surrounded by a furrow, the surface is irregularly reticulate, and mean
diameter is 7.67 pum (5.51-9.28 pm). Type II (Meinecke 1975: G1;
Bohacz et al. 2020: placodea A) is similar to type I but has a smooth
surface and mean diameter of 12.34 um (5.71-17.85 pm). Type 111
(Meinecke 1975: J4; Bohacz et al. 2020: placodea A) is almost smooth,
the peripheral furrow (or ditch) is absent, and mean diameter is 11.51
pum (6.89—15.17 um).

The sensilla coeloconica are divided into type I (with pointed apex;
Meinecke 1975: L1) and II (with blunt apex; Meinecke 1975: L2).
Both sensilla are sparsely distributed (Figure 3F). Sensilla basiconica
(Meinecke 1975: L4) resemble minute setae enclosed in a depressed
pit, with the apex projected outside the pit. They are sparse (Figure
3F), mainly grouped in foveae on the medial lamella, and present on
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distal margins of lamellae (Figure 3B and D). The sensilla basiconica
present in foveae are bigger than those placed in surface. The sensilla
ampullacea are noted as pores and are sparsely distributed on lamellae
surface.

The inner surface of proximal and distal lamella and both surfaces of
medial lamella have two well defined area (Figure 2B), the posterior area
mainly formed by sensilla placodea type 111, and the anterior area with
heterogeneously distributed sensilla basiconica, sensilla coeloconica
(type I and II), and sensilla placodea (type I and II).

Females have on average 10,776 sensilla on all lamellae, of
which 10,214 (94.8%) are sensilla placodea, 536 (5.0%) are sensilla
coeloconica, and 26 (0.2%) are sensilla basiconica (Table 1). Males
have on average 10,386 sensilla in lamellae, of which 9,873 (95.0%) are
sensilla placodea, 464 (4.5%) are sensilla coeloconica, and 49 (0.2%)
are sensilla basiconica (Table 1). There is a slightly difference on the
number of sensilla between sexes, but the dimorphism is inconspicuous.

Discussion

Sensilla trichodea are found on the outer side of the proximal
and distal lamellae and on the edges of the medial lamella, whereas
sensilla chaetica are mainly distributed in a brush-like structure in
outer (proximal) side of proximal lamella. A similar distribution of
these sensilla is found in Cyclocephala putrida Burmeister, 1847
(Saldanha et al. 2020). An undetermined species of Cyclocephala
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Figure 2. Cyclocephala literata Burmeister, 1847; antennal lamella of female. A-B) proximal lamella (outer and inner side, respectively) C-D) medial lamella
(inner and outer side, respectively). E-F) proximal lamella (inner and outer side, respectively). Anterior area (black dotted line) with sensilla placodea type I and II,
sensilla coeloconica type I and 11, and sensilla basiconica. Posterior area (white dotted line) with type I homogeneously distributed. Tric = sensilla trichodea; Chae

= sensilla chaetica. Scale =200 um.

studied by Bohacz et al. (2020) was described with a “brush-like
sensilla trichodea”. Hair-like sensilla grouped in a brush-like structure
(or “field of setae”) occur in Dynastinae (Bohacz et al. 2020) and at
least in some Cetoniinae (Bohacz et al. (2020) to Valgus hemipterus
(Linnaeus, 1758); Costa et al. (2021) to two species of Hoplopyga).
Otherwise, in other phytophagous scarab as Anomala inconstans
Burmeister, 1844 (Rutelinae) the proximal lamella have not a brush-like
structure and sensilla chaetica are sparce on the outer side of proximal
lamella (Rodrigues et al. 2019). Hair-like sensilla were identified as
mechanoreceptors (Romero-Lopez et al. 2004, 2010, Mutis et al. 2014),
but sensilla trichodea were also identified as gustative sensilla (contact
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chemoreceptor; Keil 1999). The function of the brush-like structure is
still unknown.

Two types of sensilla coeloconica occur on inner side of antennal
club of C. literata, and are sparsely distributed over inner side of
lamellae (5.0% in females and 4.5% in males). The sparce sensilla
coeloconica are common to phytophagous scarab, but they are absent
in the lamellae of some melolonthine as Ablaberini, Heteronicini,
Liparetrini, Maechidiini, Phyllotocidiini, Sericini, and Sericoidini
(Bohacz et al. 2020). Interestingly, these tribes are sometimes
recovered as sisters groups to all other phytophagous scarabs (Ahrens
& Vogler 2011). This fact must by checked in more species but it
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Figure 3. Cyclocephala literata Burmeister, 1847; antennal lamella of male. A-B) proximal lamella (inner side and detail of area with foveae, respectively). C-D)
medial lamella (inner side and detail of area with foveae, respectively). E-F) distal lamella (inner side and detail of distal area, respectively). Basi = sensilla basiconica,
Coel I = sensilla coeloconica type I, Coel II = sensilla coeloconica type 11, Plac I = sensilla placodea type I, Plac II = sensilla placodea type II, Plac Il = sensilla
placodea type I1I; Pore = sensilla ampullacea. Scale of A, C, D =200 pm; scale of B, D, E =20 pm.

could be an important step to the evolution of phytophagous scarabs.
To a species of Sericini (Maladera orientalis Motschulsky, 1857),
the sensilla coeloconica are present in pedicel but not in lamellae,
and its was conjectured the as hygroreceptors and thermoreceptor by
Shao et al. (2019).

Sensilla basiconica are scares, present in inner surface of club,
and are predominant in some fovea (see below). Romero-Lépez et al.
(2004) suggests that the sensilla basiconica (named as coeloconica)
was related with plant volatiles detection. The sensilla basiconica
is found in all scarab beetles (Scarabacoidea) but the foveae in
compassing sensilla basiconica is found in Dynastinae, Rutelinae and
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some Melolonthinae (Bohacz et al. 2020). Both sensilla coeloconica
and sensilla basiconica have similar distribution in C. literata and C.
putrida (Saldanha et al. 2020).

Sensilla ampullacea were associated with detection com CO, in
some insects (Keil 1999). The attraction of beetles to CO, released by
M. ovata is not known yet, but C. literata was certainly attracted to
M. ovata volatiles and probably is also attracted to the heat produced at
night by flowers (Gottsberger et al. 2012).

Sensilla placodea are the main sensilla of lamellae and represents
about 95% of all sensilla in males and females of C. literata. The
dominance of sensilla placodea is usual to scarab beetles (Meinecke
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Table 1. Mean number of three sensilla types on the antennal lamellae of adult Cyclocephala literata.
. proximal lamella medial lamella distal lamella
Sensillum . . .
outer inner outer inner outer inner
Female (n=10)

Placodea 0 2,475 +19.40 2,461 +£20.68 2,478 £25.23 0 2,800 +23.73

Coeloconica 0 147 £2.10 108 +£1.78 114 +4.21 0 167 £4.16

Basiconica 0 3+£0.21 6+0.5 8+0.59 0 9+0.47

Total 0 2,625 +20.69 2,575 +£20.27 2,600 +£27.6 0 2,976 +23.12
Male (n =10)

Placodea 0 2,714 + 30.84 2,436 +22.85 2,512 +23.15 0 2211 +24.16

Coeloconica 0 91 £1.67 92 +2091 81+2.41 0 200 +3.71

Basiconica 0 10+0.57 0 0 39+1.47

Total 0 2,815+£29.93 2,528 £22.99 2,593 +24.07 0 2,450 £ 25.84

1975, Romero-Lopez et al. 2004, 2010, Tanaka et al. 2006, Mutis et al.
2014, Martinez-Bonilla et al. 2015, Rodrigues et al. 2019, Bohacz et
al. 2020) and the sensilla is related to pheromone detection in Popillia
Jjaponica Newman, 1841 (Kim & Leal 2000) or related both with sexual
attractants (peripherical ones) and plant volatiles detection (central ones)
in Anomala cuprea (Hope, 1839) (Larsson et al. 2001). C. literata do
not have an evident sexual dimorphism in antennae, and the amount of
sensilla placodea is similar between sexes. It could be evidence that the
beetle uses plant volatiles (and possibly heat and CO, as discussed in
above sentence) as the main attractant, and sexual pheromones could
have a minor hole or even by entirely absent. C. literata is a pollinator
as above mentioned and does not have the sexual dimorphism regarding
the amount and pattern of lamellar sensilla. Otherwise, C. putrida have
an evident antennae dimorphism, females have more sensilla than males,
and the beetle is not seemed as a pollinator (Saldanha et al. 2020).

Kim & Leal (2000) suggested that the sexual dimorphism in
antennae is related to the detection of sexual attractant. Hallett et al.
(1995) and Renou et al. (1998) show that a dynastine beetle (Oryctes
rhinoceros L., 1758) does not have antennal dimorphism, and uses
aggregative semiochemicals, not pheromones to find potential partners.

It is not known how many variables are involved on the attraction
of beetle pollinator to flower chamber of host plants, but it is accepted
that the flower attractants (odorants, heat, gases) play the main role
in the beetle aggregation, and the conspecific sexual pheromones are
partially or entirely suppressed, at least to cyclocephaline pollinators
(Beach 1982, Pellmyr & Thien 1986, Dieringer et al. 1999, Gibernau
et al. 1999). Otherwise, not pollinators cyclocephaline, that usually
matting on the ground, grass leaves or shrubs, used sexual pheromones
as attractant (Haynes & Potter 1995).

The relationship between dimorphism, pollination, and the kind
of chemical communication in Cyclocephala must be checked and the
rules of sexual pheromones or aggregative odorants must be clarified
in the genus.
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