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Mating  behavior  and  description  of immature  stages  of  Cyclocephala  melanocephala  (Fabricius,  1775)
(Coleoptera:  Scarabaeidae:  Dynastinae),  identification  key and remarks  on  known  immatures  of Cyclo-
cephalini  species.  Some  species  of  Cyclocephala  Dejean,  1821  are  regarded  as rhizophagous  crop  pests  and
others  as  beneficial  species.  The  objective  of this  work  was  to report  the  mating  behavior  and  to describe
the  immature  stages  of C. melanocephala. The  studies  were  developed  at the  Universidade  Estadual  de
Mato  Grosso  do Sul in  Cassilândia,  Mato  Grosso  do  Sul  state,  Brazil.  Adults  were  collected  with  a light
trap  from  September  to December  2014  and  2015 to carry  out  studies  of  mating  behavior,  breeding,  and
lying activity
orphology

carabaeoidea
axonomy
hite grub

descriptions  of immature  stages.  Copulation  lasted  10.4  ±  4.3  min  and  took  place  from  19:00  to  24:00  h.
Some females  refused  males  for mating  and  moved  away  from  them.  Regarding  flight  period,  adults  were
collected in  larger  quantities  from  20:00  to 23:00  h.  Identification  keys  to immatures  of  three  genera  of
Cyclocephalini,  including  several  Cyclocephala  species  are  presented.

Published  by Elsevier  Editora  Ltda.  on behalf  of Sociedade  Brasileira  de  Entomologia.  This  is  an  open
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access  article  under  t

In the Cyclocephalini tribe (Coleoptera, Scarabaeidae, Dynasti-
ae) about 500 described species are known and of these, more than
5% are represented by Cyclocephala Dejean, 1821 (Ratcliffe et al.,
013). Cyclocephala occur from southeastern Canada to Argentina
nd the Antilles (Ratcliffe, 2003). In Brazil 83 species are recorded
Morón, 2004).

Adults feed on plants and flowers, thus contributing to pollina-
ion. Some examples of the benefits to plants are described to some
raceae. Maia et al. (2013) in a studies conducted in Atlantic Forest
f Pernambuco State, found that flowers of Taccarum ulei Engl. &
. Krause (Araceae) are pollinated exclusively by C. cearae Höhne,
923 and C. celata Dechambre, 1980. In flowers of Caladium bicolor
Aiton) Vent. (Araceae) observed in Atlantic Rainforest of Pernam-
uco, Maia and Schlindwein (2006) found adults of C. celata,  an
mportant pollinator, feeding and mating. Cyclocephala pollinators
re also important to some Annonaceae. In Cerrado of Goiás State,
avalcante et al. (2009) found that C. atricapilla Mannerheim, 1829,
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E-mail: sergio@uems.br (S.R. Rodrigues).
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C. latericia Höhne, 1923 and C. octopunctata Burmeister, 1847 are
floral visitors and pollinators of Annona crassiflora Mart. Moreover,
Costa et al. (2017) conducted studies in the Cerrado of Mato Grosso
State and found that C. atricapilla is the main pollinator of A. coriacea
Mart., while C. octopunctata, C. ohausiana Höhne, 1923 and C. undata
(Olivier, 1789) are secondary pollinators. In addition to the Annona
L. species cited above, Gottsberger (1989) noted C. atricapilla also
as a pollinator of A. dioica A. St.-Hil. and A. monticola Mart., and
C. quatuordecimpunctata Mannerheim, 1829 as a pollinator of A.
cornifolia A. St.-Hil. and A. tomentosa R. E. Fr.

Species of Cyclocephala are also found in other plant families,
like the example of Dieringer et al. (1998, 1999) who found adults
of C. caelestis Delgado & Ratcliffe, 1990 feeding and pollinating flow-
ers of Magnolia tamaulipana Vázquez (Magnoliaceae) in Mexico. In
Mato Grosso do Sul State, Brazil, adults of C. forsteri Endrödi, 1963
were found feeding on inflorescences of Acrocomia aculeata (Jacq.)
Lodd. ex Mart. (Arecaceae) (Oliveira and Ávila, 2011). In a recent

study, Moore and Jameson (2013) related 80 species of Cyclocephala
associated with flowers of various species.

The immature stages of Cyclocephala species remain in the soil
and some species feed on organic matter, as C. flavipennis Arrow,
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Figs. 1–4. Cyclocephala melanocephala, adult; 1, 2, habitus (male, fem

914 observed in Rio Grande do Sul State by Salvadori and Pereira
2006) and C. paraguayensis Arrow, 1913 observed in the Pernam-
uco by Albuquerque et al. (2014).

However, in some species, larvae can feed on roots of crop
lants and cause damage. Larvae of C. lunulata Burmeister, 1847 and
. fulgurata Burmeister, 1847 appear associated with onion crops
Allium fistulosum L., Amaryllidaceae) and grasses (Pennisetum clan-
estinum Hochst. & Chiov., Poaceae), observations made by Villegas
t al. (2006) in Colombia. When larvae, Cyclocephala parallela Casey,
915 is considered an important pest of sugarcane (Saccharum offic-

narum L., Poaceae) in Florida, United States (Gordon and Anderson,
981; Cherry, 1985), as well as C. lunulata in México (Aragón-Garcia
nd Morón, 2000). Also, C. forsteri and C. verticalis Burmeister, 1847
ere reported damaging sugarcane crops in Mato Grosso do Sul

Coutinho et al., 2011). Cherman et al. (2014) reported C. mod-
sta Burmeister, 1847, C. putrida Burmeister, 1847 and C. tucumana
rèthes, 1904 associated to the root system of several winter crops

n Rio Grande do Sul. Santos and Ávila (2007) reported the occur-
ence of larvae of C. forsteri feeding on roots of soybean (Glycine
ax (L.) Merr, Fabaceae) in Mato Grosso do Sul. Depending on the

ircumstances, even species that are not usually considered eco-
omically important can damage some cultures, as C. flavipennis
rrow, 1914 (Salvadori and Pereira, 2006; Duchini et al., 2017).

Cyclocephala melanocephala (Fabricius, 1775) occurs through-

ut most of the New World, as United States (Ratcliffe, 1992;
auernfeind, 2001), Mexico (Ratcliffe, 1992) and Brazil (Camargo
nd Amabile, 2001; Nogueira et al., 2013; Taira et al., 2014). Adults
re typically found feeding on inflorescence of sunflower plants
, 4, protibia and tarsus (male, female). Scale: 1, 2 = 5 mm;  3, 4 = 1 mm.

(Helianthus annuus L., Asteraceae) (Camargo and Amabile, 2001).
Taira et al. (2014) found in Mato Grosso do Sul, adults of this species
causing damage to shoots of young plants of rubber trees (Hevea
brasiliensis (Willd. ex A. Juss.) Müll. Arg., Euphorbiaceae). Regard-
ing the biology of C. melanocephala,  Nogueira et al. (2013) observed
that the egg-adult cycle was completed in 113 days on average and
more than one generation is possibly formed per year.

Despite the species richness of Cyclocephala, immature descrip-
tions are scarce (Morón et al., 2014). Thus, studies were conducted
to verify the mating behavior and descriptions of immature of C.
melanocephala.

Material and methods

Mating behavior of adults

Studies on mating behavior were conducted on the experimen-
tal farm of Universidade Estadual do Mato Grosso do Sul (UEMS) in
Cassilândia, Mato Grosso do Sul State (MS). To collect adults, a light
trap (model “Luiz de Queiroz”, Silveira Neto and Silveira, 1969)
was installed daily alongside the pasture area (Urochloa decumbens
Stapf cv. Basilisk, Poaceae) from October to December 2014.

Adults collected were taken to the entomology laboratory of
UEMS, separated by sex (first pair of legs in males are dilated)

(Figs. 1–4) and separated individually in 1000 mL  plastic containers
with half of its volume filled with soil from pasture area (500 mL).
The containers were closed on top with voile fabric. At night fall,
the containers were monitored to observe the flight moment.
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fter that, twenty-three couples were sorted from the adults that
merged from the soil and flew off. Each male and female was gath-
red in couples and put in 500 mL  containers for mating behavior
bservations. The observation room was kept dark according to the
ethodology from Facundo et al. (1999). To visualize and record

he behavior of males and females, a Sony
®

camcorder model DCR-
X21 STD was used.

To study adult flight hours in the field, a light trap was installed
rom 18:00 h until 06:00 h of the next day, from October 30 to
ovember 2, 2014. At 60-min intervals, the trap was inspected,
nd insects captured were collected. The flight schedule data were
ransformed into

√
x + 1 and submitted to the analysis of variance

ANOVA). The means were grouped and compared by the Scott-
nott test (p< 0.05) using SISVAR software (Ferreira, 2011). Data on
verage temperature (◦C), precipitation (mm) and solar radiation
kJ/m2) in Cassilândia, were obtained from the Instituto National
e Meteorologia (INMET).

escription of immatures

The described larvae were obtained from adults reared in
he laboratory. From September to December 2015, adults of C.
elanocephala were collected at the experimental farm of the
EMS, with light trap. The adults were carried to the entomology

aboratory and formed couples, which remained in 1000 mL  plastic
ontainers containing soil and Brachiaria decumbens Stapf (Poaceae)
eedlings, and the containers were covered with voil fabric.

The vessels were inspected every day to find eggs and to remove
he dead insects. The eggs were kept in Petri dishes, contain-
ng sieved and moistened soil, and kept in an air-conditioned
oom in the laboratory (26 ± 2 ◦C and scotophase). The Petri dishes
ere observed at intervals of two days, and the hatched larvae
ere transferred and individualized in 500 mL  plastic containers

ontaining soil and B. decumbens seedlings (26 ± 2 ◦C and 12 h pho-
ophase) (Rodrigues et al., 2014).

From May  to August 2016, third instar larvae and pupae were
illed in boiling water and preserved in 70% alcohol. The observa-
ions and drawings of the morphological aspects of the larva and
upa were carried out in Stereomicroscope Motic, Zeiss Stemi SV

 stereomicroscope or Zeiss Axioscop microscope, both with light
amera coupled. The detached structures of the larval body (e.g.
outh parts and legs) were slide mounted in Hoyer’s (Johnson and

riplehorn, 2005). The adults of C. melanocephala were deposited
n the UEMS entomology collection in Cassilândia; the imma-
ure was deposited in the collection of the Museu de Zoologia da
niversidade de São Paulo, São Paulo (MZSP). Adobe Photoshop
S6 software was used for image processing and drawing of the
lates.

The terminology used follows Böving (1936) and Lawrence
1991) with some modifications by Sousa et al. (2018). The terms
elus (tooth or fixed and rigid cuticular process) and phoba (a
roup of flexible fixed cuticular processes) were used for both epi-
nd hypopharynx. The epipharynx area subdivisions (corypha, hap-
omerus, paria, pedium and haptolachus) are in italic to make it
asier to find. Head chaetotaxy follows Ritcher (1966) and Sawada
1991) as summarized by Sousa et al. (2018). Mandibles incisor
sually have 3 defined teeth (S1, S2, S3; distal to proximal), and
2–S3 separation is noted by the incisor notch (Figs. 17, 22). Even
hen S2 is reduced, the notch is easy to find and defines the S2 and

3 area. Besides these three teeth, a proximal most incisor tooth
ay  occur (S4) between S3 and molar (on mandible inner concave
argin).

Hair-like setae are termed as (modification of Šípek et al., 2008):

inute, when its length is at most three times longer than the
iameter of associated puncture (barely distinct under magnifica-
ion less than 40×); short or long when its length is at least four
 Entomologia 62 (2018) 205–219 207

times longer than the diameter of associated puncture (easily vis-
ible under magnification of 20×). Long and short setae are only
differentiated when conspicuous relative differences occur (e.g.
raster setae, Figs. 43, 44), otherwise (i.e. wide setal length vari-
ation) the opposition minute/long formerly defined is used (e.g.
cranial setae, Fig. 7). The larvae size could affect the visibility of
minute and long setae, but differences in relative size and spatial
distribution help to separate both setae group.

Head chaetotaxy was widely used as diagnosis in scarab imma-
ture works, while thoracic and abdominal chaetotaxy (except from
raster) were not or partially described (e.g. Jameson and Morón,
2001 described the dorsal lobes setation). To explore the body setae
as an identification tool, the thoracic and abdominal setation were
described and illustrated (Fig. 14). This uncommon approach adds
new data and encourage future works to investigate the entire
body chaetotaxy. Chaetotaxy were given to each body lobe. Terms
like scutum, scutellum, presternum, sternum, and derived terms
are avoided because the homology between larval lobes and adult
sclerites are doubtful, and the ventral body surface has sternal
and pleural elements in Coleoptera (Kobayashi et al., 2013). The
resulting lobes terminology is as follows (Fig. 14): thorax dor-
sum: anterior, medial, and posterior tergal lobes; thorax lateral:
anterior and posterior pleural lobes; thorax venter: anteromedial
and posterior ventral lobes; abdomen dorsum: anterior, medial,
lateral and posterior tergal lobes; abdomen lateral: anterior and
posterior tergal lobes, and spiracle lobe; abdomen venter: anterior,
medial, and posterior lobes. When this lobe division is indistinct
(e.g. Scarabaeoidea pronotum have 1–3 lobes and abdomen seg-
ment IX usually has an undivided dorsum and a simple pleural
lobe, Ritcher, 1966), a general position name is given to the region
if necessary. The chaetotaxy to prothoracic lateral sclerite is also
given and the lobes names are not applied to abdominal segment
X, because its already has a particular terminology (raster and anal
lobes).

The proposed identification keys and comparative table
(Table 1) included herein use new data and information avail-
able in the bibliography (Albuquerque et al., 2014; Bran et al.,
2006; García et al., 2009; Johnson, 1941; King, 1984; Morelli, 1991;
Morelli and Alzugaray, 1994; Morón et al., 2014; Neita-Moreno
and Yepes, 2011; Pereira and Salvadori, 2006; Remedi-de-Gavotto,
1964; Ritcher, 1966; Souza et al., 2014a,b; Vincini et al., 2000).

Results

Cyclocephala melanocephala (Fabricius, 1775)

Third instar larva (Figs. 5–44). Body (Fig. 5) length: 19–26 mm;
grayish or yellowish white, head and respiratory plates yellow-
ish brown; surface densely setose, setae yellowish brown to
brown. Head (Figs. 6, 7, 13) width: 2.8–3 mm;  epicranial and
epistomal sutures distinct; stemmata very small; antennifer some-
what cylindrical and with 3 punctures; cranium, clypeus and
labrum (Figs. 7, 8) with many homogeneously distributed punc-
tures, except in labral anterior area. Each half of cranium and
clypeus with (Fig. 7): 4–3 long and 2–3 min dorsoepicranial setae
(des) in a row and 1 min  seta internally positioned, 2 long and
numerous minute posteroepicranial setae (pes), 2–3 long anteroep-
icranial setae (aes), 5–8 long externoepicranial setae (ees), 2–3 long
and 1 min  posterofrontal setae (pfs), 1 long externofrontal seta
(efs), 2–3 long anterofrontal angle setae (aas), 2 long anterofrontal
setae (afs), 2 long externoclypeal setae (ecs), 1 long anteroclypeal

seta (acs). Labrum (Fig. 8): each half with 2–3 long and 1 min
posterolabral setae (pls), 1 long mediolabral seta (mls), 4–5 long
laterolabral setae (lls), 2 long anterolabral setae (als). Antenna
with 4 antennomeres (Figs. 9–12): I short (length/larger dorsal
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Table 1
Chaetotaxy of the known third instars of Cyclocephala.

Species Parietals Frons Clypeus Labrum Raster

des pes aes ees pfs efs aas afs acs ecs pls lls mls als tg* pr* pa al*

C. barrerai 2–3 3 ∼3 ∼4–5 2 0 1 1 0 1 3–4 ∼2 1 – 21–23 u 0 30–32
C.  borealis 2–3 – – – 2 1 1–2 1–2 – – – – – – ∼25 u 0 20
C.  celata 4 – – – 2 1 2 3 1 2 4–5 4 1 – 14–16 u 0 –
C.  comata 2 2 2–3 – 2–3 0 – 0 1 1 2–4? – 1 – 10–12 u 0 48–50
C.  disticta 3–4 5–6 – – 4–5 1 2 2 1 1 3–4 ∼4 1 2 7–9 u 0 ∼22
C.  fasciolata 3 2 2–3 – 1–2 0 1 0 1 1 0 3 1 – 0 [8–9] u 0 26–28
C.  flavipennis – – – – – – – – 1 1 – – – – 13–16 u 0 ∼22
C.  fulgurata 3–4 5–6 2–3 ∼8 2 1 1 1 1 1 – ∼3 1 – 12–15 u 0 34–38
C.  gregaria 1 1 2–3 ∼3 2 1 1 1 1 1 – ∼2 1 – 19–22 u 0 30–35
C.  jalapensis 3 2 2–3 – 1 0 1 0 1 1 0 3 1 – 0 [16] u 0 0 [26]
C.  longula (=C.  abrupta) 7–8 – – – 3 1 2 2 – – – – – – – u 0 –
C.  lunulata 2–4 5–61** 2–3 ∼5 2 1 1 1 1 1 7–8 ∼2–3 1 – 10–1620–28 ! u 0 26–34∼20 !
C.  lurida(=C. immaculata) 3 ∼2 ∼3 ∼8 2 1 1 1 1 1 0 ∼4 1 2 13–16 u 0 ∼35
C.  melanocepala 3–4 2 2–3 5–8 2–3 1 2–3 2 1 2 2–3 4–5 1 2 8–11 1–2 3–4 28–34
C.  modesta – – – – – – – – – – – – – – 11–13 2–3 6–8 ∼25
C.  paraguayensis 5 ∼5 ∼1 ∼8 1 1 2 1 1 2 1 ∼2 1 ∼15 4–5 3–4 ∼37
C.  pasadenae 3–5 – – – 2–4 1 1 – – – – – – – ∼15 u 0 –
C.  putrida – – – – – – – – – – – – – – ∼20 u 0 ∼37
C.  signaticollis 3 2 3 – 1 – 3 1 1 1 – – – – 13–16 u 0 20–30
C.  sinaloae 3–4 3 ∼3 ∼4–5 2–3 1 1 1–2 1 1–2 2–3 2–3 1 – 14–17 u 0 59–62
C.  testacea 4 1 5–6 ∼8 – 1 – 2 1 3 5 – 1 – 28–30 0 ∼33 –

The chaetotaxy is given for one side of the structure, except for ventral anal lobe (al). * only hamate setae quantified, if hamate setae absent the number of hair-like setae is given
between  square brackets. “u” unapplied data (i.e. when palidia is absent, it is impossible define the preseptular setae). “∼” about. Cyclocephala lunulata: general chaetotaxy by
Bran et al. (2006); ** redescription of Morón et al. (2014) recorded only 1 pes; ! first characterization by King (1984). aas, anterofrontal angle setae; acs, anteroclypeal setae;
aes,  anteroepicranial setae; afs, anterofrontal setae; al,  ventral anal lobe setae; als, anterolabral setae; des, dorsoepicranial setae; lls,  laterolabral setae; mls, mediolabral
setae;  ecs, externoclypeal setae; ees, externoepicranial setae; efs, externofrontal setae; pa,  palidium setae (pali); pes, posteroepicranial setae; pfs, posterofrontal setae; pls,
posterolabral setae; pr,  tegillum preseptular setae; tg,  tegillum setae (including the preseptular ones).
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Figs. 5–6. Cyclocephala melanocephala, third instar larva; 5, lateral; 6, hea

idth = 2.1) and with 5 sensilla (1 dorsal, 1 internal, 1 external,
 ventral); II long (l/w = 2.3–2.5) and with 9–10 sensilla (3–4 dor-
oproximal, 2 ventroproximal, 4 ventrodistal); III short (l/w = 1.3)
nd with 10 sensilla (2 dorsoproximal, 2 internal, 4 external, 2
entral), ventrodistal process bearing a dorsal sensorial spot and

 distal sensilla; IV long (l/w = 2.8), with 6 sensilla (4 external, 2
entral), 2 dorsal and 2 ventral sensorial spots, and a distal sen-
orial area bearing about 9 prominent minute sensilla. Epipharynx
Figs. 15, 16). Corypha: epizygum distinct and clythra absent. Hap-
omerum: zygum beak-like, 2-toothed and with about 10 sensilla;
eli absent. Paria: acroparia evidently separated from chaetoparia

nd each side with about 13 setae; each side of acanthoparia
ith 9–11 anterior setae and 8–9 min  posterior setae; gymnoparia
arrow; right chaetoparia with about 95 setae, left chaetoparia
ith about 70 setae; dexiotorma twice long than laeotorma, left
sal. t10, abdominal tergite X; usb, U-shaped sclerotized bar. Scale = 1 mm.

pterotorma rounded, aptorma indistinct, epitorma as an impressed
rounded sulcus; plegmatia, proplegmatia and phoba absent. Pedium
longer than wide and smooth. Haptolachus with right area bear-
ing 8 setae and 2 sensilla and left area bearing 12 setae and 2
sensilla; nesium internum (sensorial cone) tubercle-like and with
4 sensilla; nesium externum (sclerotized plate) prominent and
acute; crepis lateral area conspicuous and medial area indistinct.
Mandible (Figs. 17–22). Right incisor with 3 teeth, left incisor with
2 conspicuous teeth; incisor dorsoproximal area with 2 setae and
2 punctures. Ventral striated stridulatory area with 22–23 thin
anterior striae and 6 broad posterior striae. Ventral area with 4–6

medial punctures and posterior asperites. Scrobe (externoproxi-
mal  area) with about 7 setae. Ventral processes well developed.
Right molar with 9 dorsoproximal setae in a row, 7 ventroproxi-
mal  setae in a tuft; 4 chisel-like teeth; calx small; brustia with 6
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Figs. 7–12. Cyclocephala melanocephala, third instar larva; 7, cranium and clypeus, dorsal; 8, labrum, dorsal (epipharyngeal ventral setae omitted); 9–12, left antenna (dorsal,
internal, external, ventral; external and internal sides with apex detail; some sensilla numbered to easily the correspondence; sensillum h can be absent). Chaetotaxy (italic)
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n  the text. Scale = 0.5 mm (antennal details with magnification four times bigger th

etae. Left molar with 9 dorsoproximal setae in a row, 3 ventro-
roximal setae in a tuft; 2 anterior chisel-like teeth transversally
ositioned to each other, a dorsal and a ventral tooth, 2 transver-
al shallow carinae between the dorsal and ventral teeth; acia with
pex rounded and bearing about 6 setae; calx semicircular; brustia
ith 12 setae. Maxillae (Figs. 23–25). Galea and lacinia separated

y suture; galea with an uncus; lacinia with 3 unci; mala with-
ut conspicuous setae row. Stipe with stridulatory area bearing 13
btuse teeth and a distal truncate process. Palp with 4 palpomeres:

 with an externoproximal sensillum and a minute externodistal
eta; II with an externodorsal sensillum and 3 ventral sensilla; III
ith an external seta, a ventral seta and 2 ventral sensilla; IV with

 external sensilla and an internodistal minute seta, distal senso-
ial area bearing about 13 sensilla. Hypopharynx (Figs. 16, 24) with
symmetrical sclerite, right and left lateral with about 14 setae (7
ong, 7 min), lateromedial left area with a row of about 22 stout
etae, lateromedial right area with a group of phobae; right ante-
ior area with a prominent tooth, posterior area with a prominent
emispherical process. Posterior preoral area: each side of dorsal
rea (posterior to epipharynx, Fig. 15) with a sensillum; each side
f ventral area (posterior to hypopharynx, Fig. 24) with 2 sensilla,
ight area with an anterior stout seta, left area with a row of about 23
tout setae. Labium (Figs. 16, 24, 25). Submentum with a posterior
clerite bearing 1 setae and 4–5 sensilla on each side, anterior area
ith 2 setae and a sensillum on each side. Mentum with a glabrous

clerite medially interrupted, anterior area with 7–8 setae and 1–4
ensilla on each side. Prementum with a sclerite bearing 6–8 setae
istributed around palpi insertion; ligula (Figs. 16, 24) with 3 large
edial setae on each side, 16 small posterior tooth-like setae, a

mall medial tubercle-like process, a posterior transversal sclerite,

osterior area bearing asperites. Palp with 2 palpomeres: I with a
inute ventroproximal seta; II with a ventrodistal sensillum, distal

ensory area with about 13 sensilla. Thorax (Figs. 5, 14). Protho-
ax with a tergal lobe bearing 40–50 thin setae (setae similar to
tennae).

Fig. 44d), anterior pleural lobe with 4–5 thin setae, posterior pleu-
ral lobe with 9–17, prothoracic lateral sclerite with 6–8 thin setae,
anteromedial ventral lobe with 46–54, posterior ventral lobe bare.
Meso- and metathorax with anterior tergal lobe bearing 15–19 thin
setae, medial tergal lobe with 44–60 thin setae, posterior tergal lobe
with 16–20 thin setae, anterior pleural lobe with 4–7 thin setae,
posterior pleural lobe with 2–4 thin setae, anteromedial ventral
lobe with 34–40 thin setae, posterior ventral lobe with 2 setae.
Legs (Figs. 26–28). Pro-, meso- and metafemur internodistal area
with a small and acute tubercle bearing a distal seta, meso- and
metafemur with an externodorsal macula; pretarsus with 2 lat-
eroventral setae and an acuminate apex, propretarsus longer than
meso- and meso-longer than the metapretarsus (Figs. 29–31). Tho-
racic spiracle (Figs. 32–34) with 11–14 perforations in dorsal radius
(DR), 6–8 in lateral radius (LR), 13–16 perforations in ventral radius
(VR); perforations oblong or slightly ameboid shaped; bulla slightly
larger than the distance between respiratory plate arms. Abdomen
(Figs. 5, 14): Abdominal segment I with anterior tergal lobe bearing
14–16 thin setae (setae similar to Fig. 44d), medial tergal lobe with
26–34 thin setae and 16–18 stout setae (setae similar to Fig. 44c),
posterior tergal lobe with 16–22 thin setae and 22–26 stout setae,
lateral tergal lobe 3–6 thin setae, spiracle lobe with 6–8 thin setae,
anterior pleural lobe with 1–2 thin setae, posterior pleural lobe
with 6–12 thin setae, anterior ventral lobe with 13–18 thin setae,
medial ventral lobe with 10–15 thin setae, posterior ventral lobe
bare. Abdominal segment II–VI with anterior tergal lobe bearing
6–10 thin setae and 15–20 stout setae, medial tergal lobe with
24–30 stout setae and 44–58 stout setae, posterior tergal lobe with
10–14 thin setae and 43–46 stout setae, other lobes with similar
setation as abdominal segment I. Abdominal segment VII with a

tergal lobe bearing an anterior group of 6–9 thin setae and 14–20
stout setae, a medial group of 22–28 thin setae, a posterior group of
14–20 thin setae, spiracle and pleural lobes with similar setation as
abdominal segment I–VI, anterior ventral lobe with 8–11 thin setae,
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Figs. 13–14. Cyclocephala melanocephala, third instar larva; 13, head, ventral (left side with submentum and cardo); 14, distended body tegument (hair-like setae represented
by  their puncture, abdominal segments 3–7 omitted). ab1–10, abdominal segment 1–10; ant, antennifer; esl, spiracle lobe; hyr, hypostomal rod; mda, cranio-mandibular
a ; pal, 
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cetabulum; mdc, cranio-mandibular condyle; mlf, maxillolabial complex foramen
ateral  lobe; tpl, tergal posterior lobe; tnt, tentorium; th1–3, pro-, meso- and metath
pl,  ventral posterior lobe. Scale = 0.5 mm.

edial ventral lobe with 5–7 thin setae, posterior ventral lobe bare.
bdominal segment VIII similar to VII, but tergal lobe with 25–28

hin setae. Abdominal segment IX with a tergal lobe with an ante-
ior group of 10–15 thin setae and a posterolateral group of 21–24
hin setae, a pleural lobe with 14–17 thin setae, anterior ventral
obe bare, posterior ventral lobe with 4 medial thin setae and 2–4
ateral thin setae. Segment X (Figs. 5, 14, 43) with a curved anal
pening, tergite with an anterior U-shaped sclerotized thin bar, a
roup of about 170–180 anterior thin setae and a posterior group

f 46–61 stout setae; ventral anal lobe with 10–15 thin setae and
8–34 hamate setae. Spiracles (Figs. 35–42): I smaller than other
nes and with 6–8 perforations in DR and LR, and 13–15 in VR; II–VI
pleural anterior lobe; ppl, pleural posterior lobe; tal, tergal anterior lobe; tll, tergal
; usb, U-shaped sclerotized bar; val, ventral anterior lobe; vml, ventral medial lobe;

similar to each other and with 9–13 perforations in DR, 8–11 in LR,
12–16 in VR; VII–VIII similar to each other, wider than other ones,
number of perforations of VII similar to II–VI, VIII with 11–13 per-
forations in DR, 9–11 in LR, 16–20 in VR; bulla I strongly narrower
than the distances between respiratory plate arms, II–VII slightly
narrower than the distances between respiratory plate arms, VIII as
wide as the distances between respiratory plate arms. Each side of
the raster (Fig. 43) with: tegillum with 1–3 acute setae (Fig. 44d) and
8–11 hamate setae (Fig. 44b), of which 1–2 hamate setae are pre-

septular setae (anterior to the palidia); barbula indistinct; palidium
with 3–4 short bifurcate setae (Fig. 44a); septula irregular shaped
and barely distinct.
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Figs. 15–16. Cyclocephala melanocephala, third instar larva; 15, epipharynx; 16, cibarium. aca, anterior most acanthoparia seta; acr, lateroposterior acroparia seta; crp, right
part  of crepis; lip, ligular tubercle-like process; ppa, posterior preoral area. Scale = 0.5 mm.
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Figs. 17–22. Cyclocephala melanocephala, third instar larva; 17–19, right mandible (ventral, internal, dorsal); left mandible (dorsal, internal, ventral). Scale = 0.5 mm.
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Figs. 23–25. Cyclocephala melanocephala, third instar larva; 23, maxilla, internal; 24, maxilla, hypopharynx, ligula, dorsal; 25, maxilla, labium, ventral. ppa, posterior preoral
area.  Scale = 0.5 mm.
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Remarks. Larvae of C. melanocephala and C. paraguayensis are
asily distinguished from other known Cyclocephalini larvae by
he presence of palidia with bifurcate setae (Fig. 44a). The body
haetotaxy (Table 1) is useful as supplementary data to the species
dentification.

For C. modesta and C. putrida, only the raster is known. Morelli
1991) provided images of these species, raster and attributed the
riginal data to an unpublished thesis: “L. Alvarado. 1980. Sis-
emática y bionomía de coleópteros que en estados inmaduros
iven en el suelo. Universidad Nacional de la Plata. Facultad de
iencias Naturales y Museo, Argentina”. Larvae of C. modesta have a

eculiar raster (not seen in other Cyclocephalini) with palidia long
nd posteriorly divergent. Otherwise, larvae of C. putrida cannot
e distinguished from other Cyclocephala larvae as the raster do
not show any specified pattern. More data about both species are
needed to clarify the larvae taxonomy.

Third instar larvae of C. flavipennis and C. signaticollis Burmeis-
ter, 1847 are easily differentiated from other Cyclocephalini larvae
by ventral anal lobe ornamentation, both have posteromedial
hamate setae distinctly bigger than anterolateral setae. Immature
of C. signaticollis was  described by Remedi-de-Gavotto (1964) and
redescribed by Morelli (1991), and larvae of C. flavipennis were first
time characterized by Pereira and Salvadori (2006). Until now, it is
impossible to separate both species and more studies are needed
to solve this problem.
The dorsolateral macula of meso- and metafemur was not
noted in other Scarabaeoidea larvae. A similar modified area
was described in Bubas bubalus (Olivier, 1811) posterior leg
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Figs. 26–42. Cyclocephala melanocephala, third instar larva; 26–28, right legs and pleurites (anterior, medial, posterior); 29–31, right pro-, meso- and metapretarsus, dorsal;
32–33,  detail of perforations of mesothoracic spiracle (dorsal arm, medial area); 34–42, mesothoracic spiracle and abdominal spiracles I–VIII. Scale, Fig. 26 = 0.3 mm;  Figs. 29,
34  = 0.1 mm;  Fig. 32 = 0.05 mm.
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c c d
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43 44

Figs. 43–44. Cyclocephala melanocephala, third instar larva; 43, raster; 44, setae detail; a, pali; b, hamate setae; c, short setae; d, long setae. Scale, Fig. 43 = 1 mm;  Fig.
44  = 0.5 mm.
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Scarabaeinae; Paulian and Lumaret, 1972). However, the macu-
ae of B. bubalus has a minute seta and two slightly globose dark
pots (maculae smooth in C. melanocephala).

Material examined. Brazil, Mato Grosso do Sul, Cassilândia,
xperimental farm of UEMS, 20.v.2016, leg. R.A. Amaro, 6 larvae
MZSP – 10.356).

ey to known third instar larvae of known Cyclocephalini (minute set

 – Antennomere IV with one or more than 2 dorsal sensorial spots; zygum as a cro
without numerous small stout setae . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

′ – Antennomere IV with 2 dorsal sensorial spots; zygum beak-like with 0 or 2 tee
(1)  – Head without anterofrontal setae (afs); zygum toothless and with posterior m
present) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

′ – Each head side with 0–2 anterofrontal setae (afs); zygum 2-toothed; left mandi
(2)  – Head without posterofrontal setae (pfs); perforations of thoracic spiracle ame
′ – Each head side with 1–2 posterofrontal setae (pfs); perforations of thoracic spir
sinuosities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(3)  – Each head side with 1 anterofrontal angle seta (aas)......... C. fasciolata Bates, 1
′ – Each head side with 2–4 anterofrontal angle setae (aas)....... Dyscinetus Harold, 1
(4)  – Each head side with 4–5 dorsoepicranial setae (des) . . . . . . . . . . . . . . . . . . . . . . . . . . .
′ – Each head side with 2 dorsoepicranial setae (des) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
(5)  – Each side with 3–4 anterofrontal angle seta (aas); haptolachus left side with 

′ – Each head side with 2 anterofrontal angle seta (aas); haptolachus left side with
(2)  – Palidia present, sometimes pali irregularly distributed and septula barely dis
′ – Palidia absent . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
(7)  – Each palidium with more than 30 setae. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

′ – Each palidium with less than 10 setae . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

(8)  – Each palidium with 6–8 acute setae . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

′ – Each palidium with 3–4 bifurcate setae (Fig. 44a) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
0(9)  – Each head side with 2–3 posterofrontal setae (pfs), 2 anterofrontal setae (afs
0′ – Each head side with 1 posterofrontal seta (pfs), 1 anterofrontal seta (afs), 1 po
1(7)  – Left mandible with S4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
1′ – Left mandible without S4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
2(11)  – Ventral anal lobe with 7–9 posteromedial hamate setae twice larger than 

2006: Fig. 6b) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

2′ – Ventral anal lobe with medial setae not or slightly bigger than lateral setae OR
3(12)  – Abdominal spiracle I evidently smaller than II–V . . . . . . . . . . . . . . . . . . . . . . . . . . . .
3′ – Abdominal spiracle I–V with similar size . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
4(13)  – Each head side with more than 6 dorsoepicranial setae (des) . . . . . . . . . . . . . . .
4′ – Each head side with less than 5 dorsoepicranial setae (des) . . . . . . . . . . . . . . . . . . . . .
5(14) – Each head side with 1 dorsoepicranial seta (des) and 1 posteroepicranial se
5′ – Each head side with 2–4 dorsoepicranial setae (des) and 5–6 posteroepicrania
6(15)  – Maxillary stridulatory area with 7 teeth and an anterior truncate process . .
6′ – Maxillary stridulatory area with 9–10 teeth and an anterior truncate process .
7(13)  – Ventral anal lobe with more than 45 hamate setae . . . . . . . . . . . . . . . . . . . . . . . . . 

7′ – Ventral anal lobe with less than 40 hamate setae. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
8(17)  – Each head side with 2 dorsoepicranial setae (des), 2 posteroepicranial (pes
8′ – Each head side with 3–4 dorsoepicranial setae (des), 3 posteroepicranial (pes) 

9(17) – Each side of raster with 7–9 hamate setae . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

9′ – Each side of raster with more than 10 hamate setae. . . . . . . . . . . . . . . . . . . . . . . . . . . . .
0(19)  – Each side of raster with less than 17 hamate setae . . . . . . . . . . . . . . . . . . . . . . . . . . .
0′ – Each side of raster with more than 18 hamate setae. . . . . . . . . . . . . . . . . . . . . . . . . . . . .
1(20)  – Maxillary stridulatory area with 4 teeth and an anterior truncate process . .
1′ – Maxillary stridulatory area with more than 6 teeth and an anterior truncate p
2(21)  – Abdominal tergite X with a U-shaped thin sclerotized bar (similar to Figs. 

Bland,  1863
2′ – Abdominal tergite X with a U-shaped thin sclerotized bar, area anterior to scle
3(20)  – Ventral anal lobe with about 20 hamate setae . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

3′ – Ventral anal lobe with about 30 hamate setae . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Pupa (Figs. 45–51). Body (Figs. 45–47) length 15.2–15.4 mm;
horax width 7.1–7.5 mm;  whitish, integument macroscopically
mooth and glabrous but covered by a thin and short microscopic
ubescence, which gives a velvety appearance to the surface, this
ubescence slightly longer in abdomen laterals. Head (Fig. 48).
ertex hidden under pronotum from dorsal view. Epistomal
uture distinct laterally and indistinct medially. Canthus small.
abrum short and transversal, positioned between the mandibles.
axillary palps prominent. Labium slightly rounded. Antenna

ith two defined regions: scape-pedicel and funicle-clava. Thorax.

ronotum wider than long, greater width at the posterior margin,
ateral margins rounded. Prosternum with visible posterior process
etween pro- and mesocoxae, process acute in males (Fig. 49) and
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e omitted in the key)

 or beak-like with 1 or more than 2 teeth; abdominal tergites VIII–IX with or
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Dynastinae other than Cyclocephalini
dominal tergites VIII–IX without small stout setae...... Cyclocephalini . .  . . . . . 2

 crenulate or straight; left mandible with fourth scissor tooth (S4
 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
th or without S4.... Cyclocephala Dejean, 1821 (part) . . . . . . . . .  . . . . . . . . . . . . . . . . 7
and bearing more than 4 sinuosities.............. Ancognatha manca LeConte, 1866
blong, if perforations slightly irregular shaped, then them with less than 4

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . 5

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D. morator (Fabricius, 1798)
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

 18 setae . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D. dubius (Olivier, 1789)
han 10 setae . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D. rugifrons (Burmeister, 1847)
but pali even easily differentiated from tegillar setae . . . . . . . . . . . . . . . . . . . . . . . 8
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . C. testacea Burmeister, 1847
 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . C. modesta Burmeister, 1847
 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . .  . . . . . . . . . . 10

 posterolabral setae (pls).................................. C. melanocephala (Fabricius, 1775)
bral seta (pls) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . C. paraguayensis Arrow, 1913

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . C. jalapensis Casey, 1915
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . 12
hamate setae (cf. Remedi-de-Gavotto, 1964: Fig. 8; Pereira and Salvadori,
C. flavipennis Arrow, 1914 and C. signaticollis Burmeister, 1847 (see remarks)

 progressively larger to medial area, but setae enlargement never abrupt... 13
 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . .  . . 14
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . C. longula LeConte, 1863
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . C. gregaria Heyne & Taschenberg, 1908
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 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . C. lunulata Burmeister, 1847
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . C. fulgurata Burmeister, 1847
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 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . .19

ithout anterofrontal setae (afs)............................................ C. comata Bates, 1888
2 anterofrontal setae (afs).......................... C. sinaloae Howden & Endrödi, 1966

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . C. distincta Burmeister, 1847
 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .20
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 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .23
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . C. celata Dechambre, 1980

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . 22
 area anterior to sclerome with a transversal setae group................... C. lurida

 bare . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . C. pasadenae (Casey, 1915)
 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . C. barrerai Martínez, 1969
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . C. borealis Arrow, 1911

rounded in females (Fig. 50); precoxal area hidden by the head in
ventral view. Mesonotum as long as pronotum and longer than
metanotum. Elytra curved ventrally around the body and almost
smooth. Pro-, meso- and metacoxa contiguous; profemur-tibia
slightly exposed in dorsal view; mesofemur-tibia superposed to
wings in ventral view and hidden in dorsal view; protibia with

three external tubercle-like teeth; mesotibial spurs tubercle-like;
metatibial spurs indistinct; male protarsus slightly larger than
female tarsus. Mesothoracic spiracle present in a cavity between
the pronotum, elytron and anterior and medial legs. Abdomen.
Five dioneiform organs present between tergites I–II, II–III, III–IV,
IV–V, V–VI; tergites II–V with a barely distinct transversal carina.
Abdominal spiracles I–IV well developed and with peritreme,
I hidden under the wings, II–IV slightly prominent, V–VIII as
cuticular invagination, VIII slightly larger than V–VII. Tergite IX

ventrally folded and distally setose; urogomphi absent. Female
terminalia. Sternite IX with genital ampulla formed by a small
concavity; tergite X ventrally exposed. Male terminalia (Fig. 51)
with proximal genital ampulla medially strongly constricted;
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45

46

47

Figs. 45–47. Cyclocephala melanocephala, female pupa (dorsal, ventral, lateral). Scale = 5 mm.

48 49 50 51

Figs. 48–51. Cyclocephala melanocephala, pupa; 48, head, frontal; 49–50, prosternal posterior process (male, female); 51, male terminalia, ventral. Scale = 2 mm.
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osterior genital ampullae larger than long and with a distal
mpressed line; sternite X slightly exposed.

Remarks. Pupae of C. melanocephala and C. paraguayensis are
asily distinguished from other known Cyclocephalini pupae (see
he key below) by the presence of 5 dioneiform organs, other
yclocephaline pupae have 4 (C. signaticollis) or 6 organs. Morón
t al. (2014) characterized pupae of C. jalapensis with 6 dioneiform
rgans, more data are needed to separate this species from others.

The larvae and pupae of C. borealis Arrow, 1911 were first time
escribed and illustrated by Johnson (1941), but more morpholog-

cal data are needed to separate its pupae from others.
Besides the Cyclocephala species, other two species of Dyscine-

us Harold, 1869 have their pupae described. Dyscinetus rugifrons
Burmeister, 1847) pupa was described by Vincini et al. (2000),
nd D. dubius pupa (Olivier, 1789) was described by Neita-Moreno
nd Yepes (2011). Apparently, pupae of Cyclocephala have tergite
X ventral fold hidden most of sternite IX in lateral view (Fig. 47),

hile Dyscinetus pupae have a short tergite IX ventral fold and most
f sternite IX is exposed in lateral view (cf. Neita-Moreno and Yepes,
011: Fig. h). More data are needed to confirm these differences and
o propose an adequate diagnosis.

Material examined. Brazil, Mato Grosso do Sul, Cassilândia,
xperimental farm of UEMS, 31.viii.2016, leg. R.A. Amaro, 4 females,

 male (MZSP – 10.356).

ey to known pupae of Cyclocephala
 – Abdomen with 4 dioneiform organs between III–IV, IV–V, V–VI, VI–VII . . . . . . . . . . .
′ – Abdomen with more than 4 dioneiform organs, organs present between I–II an
(1)  – Abdomen with 5 dioneiform organs between I–II, II–III, III–IV, IV–V, V–VI. . . . .
′ – Abdomen with 6 dioneiform organs between I–II, II–III, III–IV, IV–V, V–VI, VI–VI
(2)  – Abdominal tergite VII anterior margin about 2.5 times wider than the poster
(Fabricius, 1775)

′ – Abdominal tergite VII anterior margin about 1.75 times wider than the posterio
(2)  – Abdominal tergite XI ventral fold forming a posterior tubercle-like process b
Figs. 16–18) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

′ – Abdominal tergite XI ventral fold posteriorly obtuse or acute, but never with a tu
(4)  – Abdominal tergite XI ventral fold posteriorly acute . . . . . . . . . . . . . . . . . . . . . . . . . . . .
′ – Abdominal tergite XI ventral fold posteriorly obtuse . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

(5)  – Profemur-tibia articulation area hidden in dorsal view . . . . . . . . . . . . . . . . . . . . . . . .
′ – Profemur-tibia articulation area visible in dorsal view as a small area next to pr
(6)  – Pubescence of abdominal tergite XI ventral fold almost hidden in dorsal view
Heyne & Taschenberg, 1908

′ – Pubescence of abdominal tergite XI ventral fold evident in dorsal view, male an
Burmeister, 1847

ating behavior of adults

Several stages of mating behavior were observed for the 23 cou-
les mated in the laboratory. Adults remained in the soil during
he day. At nightfall, males (n = 18) and females (n = 13) exposed a
ortion of the clypeus near the soil surface and moved the antennal

amellae in different directions for 5.2 ± 2.1 min  (range 3–11) before
hey left the soil and started the flight. However, some males (n = 5)
nd females (n = 10) arrived near the soil surface, left quickly, and
egan to fly (Fig. 52).

When they left the soil, adults flew actively on average for
 ± 3.5 min  (range 4–14) and then began to walk on the soil with
he antennae erected and the lamellae open. Fourteen out of the
ouples mated showed multiple stages of mating behavior, while
ine couples showed no mating behavior. At the first stage of mat-

ng, the male approaches the female from behind (n = 9) touching
he end of the elytra or pygidium of the female with the antennae
nd protarsi or touches the female on her side (n = 5). When the

ale touches the female, possibly chemical recognition between

oth is occurring; however, evidence of a pheromone release was
ot observed. At the next stage, the male climbed on the female
n = 14), holding her with his claws and remained in that position for
 Entomologia 62 (2018) 205–219

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .C. signaticollis Burmeister, 1847
I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . 2
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
st dioneiform organ (between VI–VII)......................................... C. melanocephala

t dioneiform organ (between VI–VII)..................... C. paraguayensis Arrow, 1913
 some relatively long setae (cf. Souza et al., 2014a:

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . C. testacea Burmeister, 1847
e-like prominence . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . C. fulgurata Burmeister, 1847

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . 6
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . C. testacea Burmeister, 1847
m posterior angle and elytral humeral area (similar to Fig. 45)......................... 7

 anterior genital ampulla slightly constricted medially....................... C. gregaria

 genital ampulla strongly constricted medially..................................... C. lunulata

2.3 ± 1 min  (range 1–4). Sometimes, the females refused the males
for mating (n = 4), those walked away from the male and began
to fly.

When the male was  accepted by the female (n = 10), it placed
its body to reach the female’s pygidium. Next, rhythmical move-
ments of the male abdomen were observed while it exposed the
aedeagus and began the copulation. Copulation lasted on aver-
age 10.4 ± 4.3 min  (range 5–16). After copulation, the male (n = 10)
retracted the aedeagus in 8 s and remained on the female an aver-
age of 18.0 ± 6 min  (range 10–28); afterward the male climbed off
the female and they separated from each other. Females copulated
in the laboratory only between 19:00 and 00:00 h; two copula-
tions from 19:00 to 20:00 h, four from 20:00 to 21:00 h, two  from
21:00 to 22:00 h, one from 22:00 to 23:00 h, and one from 23:00 to
24:00 h.

Adults were collected with a light trap from 18:00 to 04:00 h
the next day (Fig. 3). After 18:00 h, brightness of 1072 kJ/m2 began
to decrease and at 20:00 h, brightness was  0 kJ/m2, coinciding with
the beginning of the flight activity. Adults were collected in greater
quantity from 20:00 to 23:00 h. The average temperature during the
flight observations ranged from 32.7 ◦C to 21.1 ◦C between 18:00
and 06:00 h, respectively (Fig. 53).

Discussion

The steps related to the mating behavior of C. melanocephala
are described for the first time. Some information is known about
mating behavior of some Cyclocephala species. Souza et al. (2014a)
studied the biological aspects of C. distincta Burmeister, 1847 and
found that copulation occurred from 18:00 to 20:00 h. For C. celata,
Souza et al. (2014b) reported that adults mate day and night.
Adults of C. verticalis kept in the laboratory mate with an aver-
age duration of about 12–19.2 min  (Barbosa and Rodrigues, 2016;
Rodrigues et al., 2010). For C. lunulata, copulation lasted 15–20 min,
and the females may  mate more than once (Stechauner-Rohrínger
and Pardo-Locarno, 2010).

Even though there was  a contact with the antennae and first
pair of legs when males get closer to females, no evidence of sex-
ual pheromone release has been observed for them. In adults of
Exomala orientalis (Waterhouse, 1875) (Rutelinae), Facundo et al.
(1999) found that females release sexual pheromone and attract

males for mating. Although further studies should be carried out
to evaluate this, we suggest that in C. melanocephala recognition
and chemical communication among adults might exist, since sev-
eral females did not accept some males for mating. Favila (1988)
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Female and male
n = 23

Leave the soil and fly actively

Land and form
a couple

Land and do not
 form a couple

Male touches the front
part of female

Male climbs on female

Female refuses male
and detaches

Female accepts male for
copulation

Male bends the abdomen
and expose edeagous

Copulation starts with
introduction of edeagous

Female remains still

Copulation finishes and male
retracts edeagous

Male remains on female after
copulation
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from each other

Male touches the back
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Fig. 52. Ethogram of mating behavior of Cyclocephala melanocephala (n = 23 couples) in the laboratory.
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emonstrated that the non-acceptance of Canthon cyanellus cyanel-
us LeConte, 1859 (Scarabaeinae) females by some males for mating

as related to differences in sexual maturity of both sexes. Such
ehavior was also observed in Anomala testaceipennis Blanchard,
851 (Rutelinae) by Rodrigues et al. (2014).
After copulation, males of C. melanocephala remained on females
robably to prevent another male from copulating with her. Arakaki
t al. (2004) observed that in copulations of Dasylepida ishigakiensis
Niijima & Kinoshita, 1927) (Melolonthinae) the male remained on
guard over the female after copulation to avoid the approach of
other males. In Liogenys bidenticeps Moser, 1919 (Melolonthinae),
males remained for 4 h on average on the female after copulation,
as a protection against other males (Rodrigues et al., 2014).
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chisa  (Coleoptera: Melolonthidae) asociadas al cultivo de cebolla y pasto kikuyo
S.R. Rodrigues et al. / Revista Brasil

atcliffe, B.C., 2003. The Dynastinae scarab beetles of Costa Rica and Panama
(Coleoptera: Scarabaeidae: Dynastinae). Bull. Univ. Nebraska State Mus. 16,
1–506.

atcliffe, B.C., Cave, R.D., Cano, E.B., 2013. The dynastine scarab beetles of Mex-
ico,  Guatemala, and Belize (Coleoptera: Scarabaeidae: Dynastinae). Bull. Univ.
Nebraska State Mus. 27, 1–666.

emedi-de-Gavotto, A.L., 1964. Ciclo biológico de Cyclocephala signaticollis Burm.
(Col. Scarabaeidae) y caracteres específicos de su larva. Rev. Inv. Agrop. 1 (10),
151–161.

itcher, P.O., 1966. White grubs and their allies. A study of North American
scarabaeoid larvae. Oregon State Monogr. 4, 1–219.

odrigues, S.R., Nogueira, G.A.L., Echeverria, R.R., Oliveira, V.S., 2010. Aspectos
biológicos de Cyclocephala verticalis Burmeister (Coleoptera: Scarabaeidae).
Neotrop. Entomol. 39, 15–18.

odrigues, S.R., Nogueira, G.A.L., Gomes, E.S., 2014. Biological aspects of Liogenys
bidenticeps Moser, 1919 (Coleoptera: Scarabaeidae). Coleopt. Bull. 68, 235–238.

alvadori, J.R., Pereira, P.R.V.S., 2006. Manejo integrado de corós em trigo e culturas
associadas. Embrapa Trigo, Com. Técnico Online 203, 13.

antos, V., Ávila, C.J., 2007. Aspectos bioecológicos de Cyclocephala forsteri Endrodi,
1963 (Coleoptera: Melolonthidae) no estado do Mato Grosso do Sul. Rev. Agric.
82,  298–303.

awada, H., 1991. Morphological and Phylogenetical Study on the Larvae of Pleu-

rostict Lamellicornia in Japan. Tokyo University of Agriculture Press, Tokyo.

ilveira Neto, S., Silveira, A.C., 1969. Armadilha luminosa modelo “Luiz de Queiroz”.
O  Solo 61, 19–21.

ˇípek, P., Král, D., Jahn, O., 2008. Description of the larvae of Dicronocephalus wallichi
bourgoini (Coleoptera: Scarabaeidae: Cetoniinae) with observations on nesting
 Entomologia 62 (2018) 205–219 219

behavior and life cycle of two Dicronocephalus species under laboratory condi-
tions. Ann. Soc. Entomol. France 44, 409–417.
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