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ABSTRACT. Bionomic data and larval density of Scarabaeidae (Pleurosticti) in sugarcane in the central region of Mato Grosso do
Sul, Brazil. Phytophagous larvae of Scarabaeidae cause damage to diverse crops. Information on these pests is scarce; therefore, the
objective of this study was to determine biological aspects and larval density of species occurring in an area of sugarcane. The
studies were developed in Sidrolandia from April 2009 to March 2010. Scarab beetle larvae were collected in sugarcane roots every
fifteen days, taken to the laboratory and reared to obtain the adults and determine biological parameters. A total of 2,656 larvae
were collected, being 162 Liogenys fuscus, 120 Cyclocephala verticalis, 37 Cyclocephala forsteri, and 2337 Anomonyx sp. In
January, 53.65 larvae m were obtained, and the most abundant species was Anomonyx sp, representing 87.99% of the total larvae
collected. From November to March, the greatest densities of Anomonyx were observed in the field. The adults of this species
occurred from May to September, and egg laying from September to November. Eggs measured 1.1 x 1.7 mm, and incubation
period last 15.4 days. First instar larvae were observed mainly in October; second instar larvae from November to April; and third
instar from January to July. Pupae were observed from May to August. The most abundant scarab beetle, Anomonyx sp. in roots of
sugarcane presents one generation per year in Sidrolandia, MS.
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RESUMO. Dados bionémicos e densidade larval de Scarabaeidae (Pleurosticti) em cultura de cana-de-agucar na regido central de
Mato Grosso do Sul, Brasil. Larvas fitofagas de Scarabaeidae causam danos em diversas culturas. Entretanto as informagdes sobre
essas pragas sdo bastante escassas. Assim, o objetivo deste estudo foi determinar aspectos morfoldgicos, bioldgicos e densidade
larval de escarabeideos em area de cana-de-agticar. Os estudos foram desenvolvidos em Sidrolandia, MS, de abril de 2009 a margo
de 2010. As larvas presentes nas raizes de cana-de-agucar foram coletadas quinzenalmente, levadas para o laboratorio e criadas até
a obten¢do de adultos e avaliagdo de parametros bioldgicos. Foram coletadas 2.656 larvas, sendo 162 de Liogenys fuscus, 120 de
Cyclocephala verticalis, 37 de Cyclocephala forsteri e 2337 Anomonyx sp. Em janeiro, foram registradas 53,65 larvas m, sendo
Anomonyx sp. a espécie mais abundante, representando 87,99% do total. De novembro a margo, foram observadas as maiores
densidades de Anomonyx no campo. Os adultos foram observados de maio a setembro. A postura ocorreu de setembro a novembro.
Os ovos mediram 1,1x 1,7 mm, com periodo de incubacdo de 15,4 dias. As larvas de primeiro instar foram observadas em outubro,
as de segundo instar de novembro a abril e as de terceiro de janeiro a julho. As pupas ocorreram de maio a agosto. A espécie de

Scarabaeidae mais abundante na cana-de-agtcar ¢ Anomonyx sp., que apresenta uma geragao por ano.

PALAVRAS-CHAVE. Biologia de inseto; pragas-de-solo; Saccharum officinarum; Scarabaeoidea.

Phytophagous beetles of the family Scarabacidae are im-
portant pests in various crops. Damage is caused mainly by
the larvae that chew on the roots of several gramineae
(Poaceae). Sugarcane production is in rapid expansion in the
central-west region of Brazil and some scarab species are re-
ported as pests, including Ligyrus sp., Stenocrates spp. and
Euetheola humilis (Burmeister, 1847) (Gallo et al. 2002) and
Strategus aloeus (L., 1758) (Pereira et al. 2004). Despite the
importance of Scarabaeidae as a crop pest, information on the
association of this group with sugarcane is scarce in Brazil.

In Mexico, Aragon-Garcia & Moron (2000) reported the
occurrence of Cyclocephala lunulata Burmeister, 1847 and
Phyllophaga brevidens (Bates, 1888) associated with sugar-
cane. Gordon & Anderson (1981) registered the occurrence
of Phyllophaga latifrons (LeConte, 1856), Anomala
marginata (F., 1972), Cyclocephala parallela Casey, 1915,

Dyscinetus morator (F., 1798), Ligyrus subtropicus Batchley,
1922 and Euphoria sepulchralis (F., 1801) in sugarcane crops
in Florida, USA. In Japan, Arakaki ef al. (2004a,b) related
Dasylepida ishigakiensis (Niijima & Kinoshita, 1927) and
Anomala albopilosa sakishimana Nomura, 1964 causing
damage to the root system of sugarcane plants and Oyafuso
et al. (2002) also studied and reported Scarabaeidae species
as pests to sugarcane.

In order to control these pests and minimize adverse ef-
fects, it is necessary to obtain information of their biological
aspects in regions of interest. Therefore, it is initially neces-
sary to identify the species and determine basic biological
parameters. Next, population dynamics should be evaluated,
considering host plants, control agents and environmental
factors responsible for mortality (Aragon-Garcia & Morén
2000).
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Taking into consideration that areas cultivated with sug-
arcane are in expansion in Brazil and there is little informa-
tion on phytophagous Scarabaeidae occurring on this culture,
the objective of the present study was to evaluate biological
aspects and density of larvae of scarab beetles in sugarcane,
in Sidrolandia, in the central region of Mato Grosso do Sul,
Brazil.

MATERIAL AND METHODS

The experiment was conducted in a commercial sugar-
cane field in the county of Sidrolandia, in the central region
of'the state of Mato Grosso do Sul, Brazil (20°47°S; 55°05°W;
300 m in altitude), managed by Companhia Brasileira de
Acticar e Alcool. Two stands were selected, one with an area
0f49.90 ha planted with cultivar SP81 3250 (medium matu-
ration cycle and susceptible to nematodes) and the other
measuring 41.14 ha and planted with cultivar RB867515 (late
maturation cycle). Harvesting was performed in the second
half of September for cultivars SP81 3250 and by the end of
November of 2009 for cultivar RB867515. The plants were
burned and manually cut.

From April 2009 to March 2010, 48 soil samples measur-
ing 25x25 cm and 30 cm deep were randomly collected from
each stand near the root system, every 15 days (methodo-
logy adapted from Silva & Loeck 1996; Silva & Costa 1998).
Therefore, the 48 samples of each stand represented an area
of 3 m% The soil samples were sieved and the scarab beetle
larvae removed and quantified. For identification of the
Scarabaeidae complex, the larvae were taken to the Labora-
tory of Entomology of the Universidade Estadual de Mato
Grosso do Sul, in Aquidauana, MS, Brazil and reared indi-
vidually in 500 mL plastic recipients containing soil and sug-
arcane sprouts to obtain the adults (method adapted from
Aragén-Garcia & Moron 2000; Pardo-Locarno et al. 2005).

The rearing recipients were maintained at 26+ 2°C and
inspected twice a week. When the sugarcane sprouts began
to wither and dry out they were replaced. The following pa-
rameters were evaluated: time of egg incubation, width of
the larval cephalic capsule, body width, body length and lar-
val weight (adapted from Rodrigues et al. 2010).

Larvae quantities were grouped in each sampled month and
after that they were subjected to analysis of variance. The
monthly averages were compared using the Tukey test (P <0.05).

Some species were identified by comparison with the
entomological collection of insects at the State University of
Mato Grosso do Sul, in Aquidauana, MS.

RESULTS AND DISCUSSION

A total of 2,656 larvae, five pupae and four adults were
obtained from the soil samples during 12 months of sam-
pling. Four species of phytophagous Scarabaeidae were iden-
tified; Liogenys fuscus Blanchard, 1850, Anomonyx sp,
Cyclocephala forsteri Endrodi, 1963 and Cyclocephala
verticalis Burmeister, 1847.
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Scarabaeidae larvae have three larval instars (Rodrigues
et al. 2008; Santos & Avila 2007), and in this experiment the
scarab larvae were found during the entire year, with popu-
lation peaks from November to March and only few speci-
mens from April to October.

Significant differences were observed in larval density, the
greatest being in January, with a mean of 53.65 larvae m?
(Fig. 1). High larval density observed from November to
March followed the period of intensive adult activities and
reproduction in October and November. According with
Rodrigues et al. (2008), Rodrigues ef al. (2010) and Santos
& Avila (2007), the reproduction peak for L. fuscus, C.
verticalis and C. forsteri is from September to November,
resulting in the high larval density observed in the following
months.
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Fig. 1. Mean density of larvae m? of phytophagous Scarabaeidae sampled
in sugarcane, in Sidrolandia, MS, from April 2009 to March 2010. Means
followed by the same letter do not significantly differ by the Tukey test
(P <0.05).

The high density of scarab larvae in soybean crops has
been reported in the state of Parana by Oliveira ez al. (1997).
They observed an average of 20 larvae m? during the sowing
period. Phyllophaga cuyabana was the species causing the
most damage.

In both sugarcane cultivars similar quantities of larvae
were sampled, being 1,223 larvae in the SP81 3250 cultivar
and 1,433 larvae in the RB867515 cultivar. The larvae
dinamyc in the two stands was similar, and the highest aver-
age was 86.70 larvae m™ in the cultivar RB867515 (Fig. 2).
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Fig. 2. Mean density of larvae m? of phytophagous Scarabaeidae sampled in
two sugarcane varieties, in Sidrolandia, MS, from April 2009 to March 2010.
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Based on morphological characteristics, the third instar
larvae can be differentiated from the others larval instars. L.
fuscus presents mean cephalic capsule width of 3.77 mm (3.3—
4.1lmm) and body length of 23.44 mm, and the raster pos-
sesses two rows of palidia with 3 to 4 large setae (ranging
from 2 to 4 setae by pali) (Fig. 3). In C. verticalis the width of
the cephalic capsule is 4.25 mm (4.0-4.7 mm) and body length
is 26.11 mm. The raster presents one row of palidia and two to
four bifid pairs of setae (2—4 bifid setae by pali) (Fig. 3).

Larvae of C. forsteri has cephalic capsule width of 5.78
mm (5.3-6.2 mm) and mean length of 33.23 mm. In the re-
gion of the raster various setae are observed, however there is
no palidia (Fig. 3). The larvae of Anomonyx sp, present mean
cephalic capsule width 3.05 mm (2.6-3.8 mm) and body length
of 19.53 mm. The raster possesses two rows of palidia with
mean of 12 a 13 setae on each (10-14 setae by pali) (Fig. 3).

Some biological and behavioral aspects of each species
were observed, as follows (Table I).

Liogenys fuscus. From April to September, 116 larvae of
L. fuscus were collected, from these 27 reached the pupal
stage and 13 adults emerged in the laboratory. The larvae
collected during this period were in the third instar, and 94.4%

were in pre-pupa stage. These pre-pupae presented white
bodies and remained for an average of 92.4 + 17.0 days in
this stage (n = 9) (Table I).

In October and November no larvae were collected in the
field. From December to March 46 larvae were sampled,
usually in low density. In July the population increased and a
mean of 6 larvae m? were recorded (Fig. 4).
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Fig. 4. Mean density of larvae m™ of Liogenys fuscus sampled in two sugar-
cane varieties, in Sidrolandia, MS, from April 2009 to March 2010.

Fig. 3. Rasters of Liogenys fuscus (A), Cyclocephala verticalis (B), Cyclocephala forsteri (C) and Anomonyx sp. (D).
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Table 1. Biometrics and biological data of Anomonyx sp., Liogenys fuscus, Cyclocephala forsteri and C. verticalis sampled in sugarcane, in Sidrolandia,

MS, from April 2009 to March 2010.

Species Phase Duration (days) Cephalic capsule (mm) Length (mm) Weight (mg)
Anomonyx sp. Egg 15.40 - 1.70 -
1" instar 50.00 1.31 (1.0-1.6) 9.32 15.53 (2.4-20.2)
20 instar 73.00 2.09 (1.7-2.5) 14.10 50.31 (24.3-97.0)
3 instar 167.00 3.05 (2.6-3.8) 19.53 179.54 (113.3-319.7)
Pre—pupa 15.00 - - -
Pupa 28.80 - - -
Liogenys fitscus 2" instar - 2.30 - -
Pre—pupa 92.40 3.77 (3.34.1) 23.44 402.20 (301,3-542.6)
Pupa 25.30
Cyclocephala forsteri Egg 17.00 - - -
1** instar 31.00 2.50 - -
20 instar 53.00 3.80 - -
3 instar 70.00 5.78 (5.3-6.2) 33.23 1378.41 (993.3-1662.0)
Pre—pupa 65.50 - - -
Pupa 20.50 - - -
Adult 23.00 - - -
Cyclocephala verticalis 1 instar - 1.62 (1.5-1.7) - -
2" instar - 2.66 (2.2-3.1) - -
3 instar - 4.25 (4.0-4.7) 26.11 535.57 (432.4-840.7)
Pré—pupa 32.76 - - -
Pupa 17.38 - - -

Third larval instar presents cephalic capsule width of
3.77 mm (n = 100), body length of 23.44 mm (n = 73) and
weight of 402.20 mg (n = 58). Pupae of L. fuscus were ob-
served from August to September and pupal stage duration
of 25.53 + 9.3 days (n = 13) (Table I). Adults were found
from August to October. Larvae of L. fuscus presented simillar
behavior in pasture areas, according to Rodrigues et al.
(2008). Its behavior is also similar to that of Liogenys suturalis
(Blanchard, 1851) in crop areas (Santos & Avila 2009). Lar-
vae in the second instar were obtained from December to
February and have cephalic capsule width of 2.3 mm (n = 14).

Larvae of L. fuscus have been reported feeding on the
roots of Brachiaria decumbens (Rodrigues et al. 2008) and
adults occurring in areas of no-till soybeans (Costa et al.
2009). It has been verified that this species is very polypha-
gous, feeding on different crops, including sugarcane.

Anomonyx sp. A total of 2,337 larvae of Anomonyx sp
were sampled; 21 reached pupal stage and 7 adults emerged
in the laboratory. Many larvae did not complete the biologi-
cal cycle because they were injured during sampling and oth-
ers probably did not adapt to the laboratory conditions. The
quantity of Anomonyx larvae collected represented 87.99%
of all larvae sampled in this sugarcane area.

From April to July, small quantities of larvae in the third
instar were collected in the field, and from June to October
the stand with cultivar RB867515 was not sampled (Fig. 5).
From November 2009 to March 2010 the greatest densities
of Anomonyx sp, larvae were sampled in the areas of sugar-
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cane. In November, the stand of cultivar RB 867515 a den-
sity of 80.3 larvae m? was recorded (Fig. 5). High densities
of larvae during November coincided with the rainy season
in the region of Sidrolandia, and resulted from the period of
reproduction and oviposition in the previous two months. The
populations of larvae remained at high densities until March,
after that they decreased and kept low until October, proba-
bly due to the normal life cycle of species of Anomonyx and
high mortality due to the action of predators or pathogens.
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Fig. 5. Mean density of larvae m? of Anomonyx sp. sampled in two sugar-
cane varieties, in Sidrolandia, MS, from April 2009 to March 2010.

On this subject Rodrigues ef al. (2011) also reported a
decrease in the larval density of Scarabaeidae in crop rota-
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tion systems, being related to natural mortality, pathogens
and predators action as causing this population decline.

Only one larva was observed alive in vials where 3 to 5
larvae were reared together, indicating cannibalism. Even in
the field, this behavior may be observed when there are many
larvae together, what may represent another factor of larval
mortality.

Eggs of Anomonyx were observed in the field from Sep-
tember to November (Fig. 6). The eggs are deposited in groups
of 3 to 5 (n=15) or isolated in the soil (n = 40). In the labora-
tory it was recorded a mean of 38 eggs/female, and the incu-
bation period lasted 15.4 days (n = 20). Each eggs were oval
and measured 1.1 x 1.7 mm in average (n = 15) (Table I).

First instar larvae of Anomonyx were first collected in
October at low densities in the stand with SP81 3250. In the
cultivar RB867515, first instar larvae were observed at high
densities until November. Second instar larvae were observed
from November to until April. Third instar larvae occurred
from January to March (Fig. 6).
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Fig. 6. Development phases of Anomonyx sp. in sugarcane in Sidrolandia,
MS, from April 2009 to March 2010.

The cephalic capsule of first instar larvae presented a
width of 1.31 mm (n = 24), body width of 9.32 mm (n = 13),
weight of 15.53 mg (n = 6) and duration of 50 days (n = 6).
Those in the second instar presented a capsule width of 2.09
mm (n = 45), length of 14.1 mm (n = 45), weight of 50.31
mg (n = 11) and duration of 73 days (n = 4). Larvae in the
third instar had a cephalic capsule width of 3.05 mm (n =
107), length of 19.53 mm (n =92), weight of 179.54 mg (n =
56) and duration of 167 days (n = 4) (Table I).

In the laboratory, larvae of Anomonyx developed on the
roots of sugarcane sprouts, and penetrated into the tissues
causing death of the plant what required substitution during
the rearing period. Aragon-Garcia & Moron (2000) studied
Scarabaeidae as pests to sugarcane, collected larvae of C.
lunulata and P. brevidens, and feed them with primary and
secondary roots.

From May to July pre-pupae were recorded, and they re-
mained in this stage for 15 days in average (n = 14). The
pupae occurred from May to August in pupal cells in the soil
and the pupal period lasted 28.8 days in average (n = 7). Adults
emerged May to September (Fig. 6).

Mating of Anomonyx in the laboratory had a mean dura-
tion of 24 minutes (10-45) (n = 7). After mating, the male
remained on top of the female for 15 minutes. This behavior
was also observed for L. fuscus (Rodrigues et al. 2008) and
C. verticalis (Rodrigues et al. 2010), and it is probably an
attempt to avoid the female from mating with other males.

Cyclocephala forsteri. From April to August 2009, 22
third instar larvae were collected and reared in the labora-
tory. From these only four completed their development and
reached the adult stage. From September 2009 to January
2010 no larvae were collected in the field (Fig. 7). Larval
population was low in all months, with the highest density in
July (1.3 larva m?).
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Fig. 7. Mean density of larvae m™ of Cyclocephala forsteri sampled in two
sugarcane varieties, in Sidrolandia, MS, from April 2009 to March 2010.

Pre-pupae occurred from June to September, followed by
pupae from September to October. Pre-pupa lasted 65.5 days
(n = 4) and the pupal phase lasted 20.5 days (n = 4).

In the laboratory, adults emerged from October to No-
vember, presenting an average longevity of 23 days. Females
started to lay eggs in November and December. Incubation
period lasted 17 days (n = 15) in average. The first instar
larvae emerged in November and December, and the dura-
tion of this instar was 31 days in average. The second instar
larvae lasted 53 days and the third 70 days in average (Table I).

In the field, first instar larvae were encountered in Janu-
ary and February of 2010, and those in the third instar again
encountered at the end of January to March.

The cephalic capsule of first instar larvae measured 2.5
mm wide; the second instar 3.8 mm; and the third instar 5.78
mm (n = 17) with length of 33.23 mm (n = 13) and weight of
1,378.41 mg (n=10) (Table I). Similar measures of cephalic
capsules were obtained for the first and second instar larvae
of C. forsteri by Santos & Avila (2007).

Biological and morphological data recorded for C. forsteri
in sugarcane are similar to those studied for this species in
soybeans, in the region of Dourados, MS, Brazil, by Santos
& Avila (2007).

Cyclocephala verticalis. A total of 120 larvae were col-
lected in the field and reared in the laboratory. From these, 23
pupated and only 16 adults emerged. Larvae of C. verticalis
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were collected along the sampling period in the two stands,
excepted for July when no larvae were observed. The greatest
density (6.6 larvae m?) was in March 2010 (Fig. 8).
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Fig. 8. Mean density of larvae m* of Cyclocephala verticalis sampled in
two sugarcane varieties, in Sidrolandia, MS, from April 2009 to March
2010.

Second instar larvae were collected in the field in April
and May; the third instar appeared from May to August. The
second instar presented 2.66 mm (n = 2) in the width of cepha-
lic capsule. The third instar presented 4.25 mm (n = 8) in the
width of cephalic capsule, with length of 26.11 mm (n = 8)
and weight of 535.57 mg (n = 8) (Table I). The cephalic cap-
sule was 3.5 mm wider than those observed by Rodrigues e?
al. (2010) for this same species fed Brachiaria decumbens.

The pre-pupae of C. verticalis reared in the laboratory
had a duration of 32.76 days (n = 23), and pupa occurred
from August to October, with an average duration of 17.38
days (n = 16). The adults emerged from August to October,
and oviposition started in October. The first instar larvae
started to hatch in October. Their cephalic capsule width
measured 1.62 mm (n =5) in average. In the field the second
instar larvae were observed in November and had cephalic
capsule width of 2.66 mm (n = 5). Size cephalic capsule of
larvae of the first and second instar are similar to those ob-
tained by Rodrigues et al. (2010) for C. verticalis created in
the laboratory, which were 1.5 and 2.5 mm respectively.

The third instar larvae were observed in December. When
these were manipulated, they expelled abundant secretion and
moved frentically, probably as a defense mechanism. In
laboratory, larvae of C. verticalis, not only feed on roots of
sugarcane sprouts, but also penetrate the seedpiece of stalk,
where they construct a chamber. The seedling usually dies
out from the injury caused by the larvae. Oyafuso ef al. (2002)
verified that third instar larvae of another scarab beetle,
Dasylepida sp., also feed on roots and penetrate the seedpiece
of sugarcane tunneling it.

In summary, the phytophagous Scarabaeidae recorded in
the area of sugarcane in Sidrolandia were L. fuscus, C.
verticalis, C. forsteri and Anomonyx sp., this last one being
the most abundant. The biological cycle of the species of
Anomonyx was completed in approximately 349.2 days, char-
acterizing an univoltine insect. The morphological and bio-
logical data presented are fundamental for understanding the
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biology of the whitegrubs attacking the sugarcane crop and
for managing this group of soil insects.
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