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Abstract

Cercopidae is one of the largest families of the spittlebug superfamily Cercopoidea. Most spittlebugs species are
characterized by bright color patterns. Thus, this study evaluated for the first time the Cercopidae species collected in
rice crops, Novo Progresso, Para state, Brazil. Insects were collected weekly between November/2010 and March/2011
from areas without (WA) and with agrochemical applications (AA). Four species were recorded: Deois incompleta
(Walker, 1851) (71 specimens in WA area and 50 in AA area); Mahanarva spectabilis (Distant, 1909) (39 specimens
in WA area and 39 in AA area); Mahanarava tristis (Fabricius, 1803) (26 specimens in WA area and 20 in AA area);
Zulia pubescens (Fabricius, 1803) (11 specimens in WA area and four in AA area). The species collected displayed
pronounced color polymorphism when compared with the color patterns of the same species from other regions.
This makes correct identification more difficult for these species. Therefore, taxonomic and diagnostic informations
provided in this study will help in the correct identification, control and monitoring of these insects in future studies.
Besides that, we recommend monitoring in rice fields and further study of the biology and ecology of cercopids in
Brazil to assess the potential of these species as rice pests.

Keywords: Cercopoidea, Deois incompleta, Mahanarva spectabilis, Mahanarva tristis, Zulia pubescens.

Registro de novos polimorfismos de cores de asas e informacées taxondmicas
para cercopideos (Auchenorrhyncha: Cercopidae) com potencial importancia
econdomica na cultura de arroz de terras altas, Estado do Para, Brasil

Resumo

Cercopidae ¢ uma das maiores familias de cigarrinhas dentro da superfamilia Cercopoidea. A maioria das espécies
de cigarrinhas ¢ caracterizada pelos padrdes de cores brilhantes. Deste modo, este estudo avaliou pela primeira vez,
as espécies de Cercopidae coletados em cultura de arroz, Novo Progresso, Para, Brasil. Os insetos foram coletados
semanalmente entre novembro/2010 e mar¢o/2011 em areas de arroz de terras altas sem (SA) e com aplicagdes de
agroquimicos (CA). Quatro espécies foram registradas: Deois incompleta (Walker, 1851) (71 espécimes na area SA e 50 na
area CA); Mahanarva spectabilis (Distant, 1909) (39 exemplares na area SA e 39 na area CA); Mahanarava tristis
(Fabricius, 1803) (26 espécimes na area SA e 20 na area CA); Zulia pubescens (Fabricius, 1803) (11 espécimes na area
SA e quatro na area CA). As espécies coletadas exibiram um polimorfismo de cor pronunciado quando comparadas
com os padrdes de cores das mesmas espécies de outras regides. Isso torna mais dificil a identificagdo correta dessas
espécies. Portanto, as informagdes taxondmicas e de diagnostico fornecidas neste estudo ajudardo na identificacao,
controle e monitoramento desses insetos em estudos futuros. Além disso, recomendamos 0 monitoramento em campos
de arroz e estudos posteriores de biologia e ecologia de cercopideos no Brasil para avaliar o potencial dessas espécies
como pragas de arroz.

Palavras-chave: Cercopoidea, Deois incompleta, Mahanarva spectabilis, Mahanarva tristis, Zulia pubescens.
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1. Introdution

The rice crop (Oryza sativa L.) (Poales: Poaceae)
occupies approximately 10% of the world arable land.
Rice cultivation began in South Asia and at present rice is
grown in more than 110 countries (Heinrichs, 1994;IRRI,
20006). Brazil is the largest producer of rice outside Asia,
even with its recent cultivation compared to the Asian
continent (Azambuja et al., 2004, FAO, 2003). According
to the Brazilian Harvest Monitoring 2012/2013 report of the
Companhia Nacional de Abastecimento/National Supply
Company (Conab, National Company of Food Supply), the
Brazilian states with the highest production (Rio Grande
do Sul, Santa Catarina, Mato Grosso, Maranhao, Tocantins
and Para) account for approximately 80% of the national
rice production (Ferreira and Villar, 2004; IRGA, 2009).
Some environmental factors interfere negatively on crop
production; among these, insects are responsible for much
of the losses from germination to harvest, mainly due to
mechanical damage and the transmission of plant pathogens
(Ferreira etal., 2001; SOSBAL, 2005; Martins et al., 2009).

Insects in the hemipteran suborder Auchenorrhyncha
commonly occur in rice crops. Twenty-two planthopper
species in the family Delphacidae and 34 leathopper
species in the family Cicadellidae occur in rice in South
and South-East Asia (Wilson and Claridge, 1991). Several
spittlebug species (family Cercopidae) are also known
to damage rice crops. Some planthoppers can damage
rice plants by direct feeding, which causes a symptom
known as ‘hopperburn’. These insects have been major
threats to rice cultivation since the 1960s and 1970s and
can be considered devastating pests. Both planthoppers
and spittlebugs are vectors of a variety of rice diseases
(Heong et al., 1992). However, little is known about the
cercopid species considered pests in South America and
their effects on this crop.

Cercopidae is one of the largest families of the
spittlebug superfamily Cercopoidea, which are xylem-sap
sucking insects. Most species are characterized by bright
color patterns and are commonly referred as spittlebugs
due to the production of protective froth excreta by the
nymphs. Neotropical spittlebugs are classified in the
subfamily Ischnorhininae, and are of concern to agriculture
in Brazil because of their potential to cause significant
damage to economically important plants. Cercopids
feed on a variety of plants: several species in the genera
Aeneolamia Fennah, Deois Fennah, Isozulia Fennah,
Notozulia Fennah, Prosapia Fennah and Zulia Fennah are
known to cause significant damage to forage grasses and
sugarcane by direct feeding (Peck et al., 2001, Carvalho
and Webb, 2005). Adult feeding can cause phytotoxemia
and chlorosis. Severe outbreaks results on the yellowing
of the entire aerial portion of the plant.

Thus, this study aimed to identify and characterize the
main species of spittlebugs associated with upland rice crop
in Novo Progresso, southwest region of Para state (Brazil).
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2. Materials and Methods

Insects were collected between Nov 2010 and Mar 2011 in
two areas of upland rice cultivation: one with the application
of'agrochemicals (AA) (7.122231°S 55.429211°W 222 m)
and one without the application of agrochemicals (WA)
(7.127903°S 55.430328°W 235 m). Samples were collected
weekly, following a straight-line transect with a sweeping
net, from planting season to harvest. The sampling effort
was 16 sweeps in each area, four points of sweep (at each
25 meters) following a transect of 100 meters, covering
approximately 400 meters in four transects of 100 meters,
located at a distance of 25 meters from each other. A total
of 250 cercopids were collected on the two areas.

Identifications were made with the aid of dichotomous
keys, published species descriptions and comparison with
photographs of type specimens. Genitalic structures were
detached from the abdomen and boiled in KOH solution
10%. The dissected parts were stored in micro vials
with glycerin. Photographs were obtained with a Leica
DFC-550 digital camera attached to the stereomicroscope
(Leica MZ16) and captured and montaged with the software
IM50 (Image Manager; Leica Microsystems Imaging
Solutions Ltd, Cambridge, UK). Illustrations were drawn
with the aid of a camera lucida and the final images made
with Adobe Illustrator.

3. Results

Four species were recorded: Deois incompleta (Walker,
1851) (71 specimens in WA area and 50 in AA area);
Mahanarva spectabilis (Distant, 1909) (39 specimens in
WA area and 39 in AA area); Mahanarava tristis (Fabricius,
1803) (26 specimens in WA area and 20 in AA area);
Zulia pubescens (Fabricius, 1803) (11 specimens in WA
area and four in AA area). The study design did not allow
for a statistical analysis of pesticide application affects, but
a slightly higher abundance of cercopids was observed in
areas without application of agrochemicals. In addition,
it is important to note that most pest cercopids species
exhibit color polymorphism, making the identification
somewhat difficult, so taxonomic papers are extremely
important because they help in the control and monitoring
of these insects.

3.1. Taxonomy of the species

Deois incompleta (Walker, 1851) (Figures 1-9)

Habitus (Figures 1-2): Head light brown with suprantenal
margin yellowish brown, compound eyes brown, rounded,
arranged transversely; ocelli closer to each other than
to compound eyes; tylus smooth and rectangular with a
slightly marked median carina; vertex smooth, rectangular,
with a median carina slightly marked; antennae brown,
pedicel sparsely setose, basal body of flagellum globose,
with one arista smaller than pedicel; postclypeus dark
brown, inflated, rounded in profile, with a longitudinal
carina strongly marked; lateral grooves strongly marked,
rostrum reaching mesocoxae. Thorax brown; pronotum
brown, hexagonal, with a median carina slightly marked;
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pronotum with anterior margin straight, lateral-anterior
margins straight, lateral posterior margin slightly sinuous,
posterior margin grooved; scutellum brownish with slight
central concavity, tegmina brown with a longitudinal white
band beginning on the basal portion extending until the
claval apex, another white band on the costal margin and
a white spot between the median and apical third; apical
plexus of veins developed; hindwings hyaline with brown
venation, vein Cul thickened at base; legs light brown with
tarsi dark brown; metathoracic tibia with two lateral spines
(basal spine equal in size to spines in apical crown; apical
spine larger than spines in apical crown); apical crown of
spines on tibia consisting of two rows; basitarsus with two
rows of spines covered by long setae; subungueal process
present and quadrangular. Abdomen brown.

Male genitalia: Pygofer with a rounded process between
the anal tube and subgenital plates (Figure 5); subgenital
plates long, dorsal margin forming a rounded elevation
near the basal portion, apex bilobate (Figure 6); paramere
slender with one apical, hook-like spine directed forward,
dorsal margin slightly elevated (Figure 7); aedeagus slender,
hammer-shaped, curved in lateral view; in dorsal view
apex with two pairs of processes x-shaped, shaft with two
rows of small spines located near the apex (Figures 8-9).

Remarks: This species exhibits color polymorphism
(Figures 1-4). In some specimens the white longitudinal
band located on the costal margin is less apparent and two
vertical bands are present (Figures 3-4), the first located
between the basal and median third and the second between
the median and apical third.

Mahanarva spectabilis (Distant, 1909) (Figs. 10-18)

Habitus (Figures 10-11): Head reddish castaneous;
compound eyes brown, rounded, arranged transversely; ocelli
closer to each other than to compound eyes; tylus smooth
and rectangular with a median carina a slightly marked,
vertex smooth, rectangular with a median carina slightly
marked; antennae castaneous, pedicel sparsely setose, basal
body of flagellum subcylindrical, with one arista smaller
than pedicel; postclypeus dark brown, inflated, angled in
profile, with a longitudinal carina strongly marked; lateral
grooves strongly marked, rostrum reaching mesocoxae.
Thorax brownish red; pronotum brown, hexagonal, with
amedian carina strongly marked; pronotum with anterior
margin straight, lateral-anterior margins straight, lateral
posterior margin slightly sinuous, posterior margin grooved;
scutellum brownish with slight central concavity, tegmina
castaneous, apical plexus of veins developed; hindwings
hyaline with brownish venation, vein Cul not thickened
at base; legs brownish red; metathoracic tibia with two
lateral spines (basal spine equal in size to spines in apical
crown; apical spine larger than spines in apical crown);
apical crown of spines on tibia consisting of two rows;
basitarsus with three rows of spines covered by long setae;
subungueal process present and triangular. Abdomen brown.

Male genitalia: Pygofer with a digit-like process between
anal tube and subgenital plates (Figure 14); subgenital
plates long with a slender apex, basal portion of dorsal
margin rounded (Figure 15); parameres with one subapical
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spines, quadrangular and truncated, directed downward,
dorsal margin rounded (Figure 16); aedeagus long as
slender with a pair of flattened hook-like dorsal process
inserted on the median portion of the shaft (Figures 17-18).

Remarks: This species exhibits color polymorphism,
with both red (Figures 12-13) and black (Figures 10-11)
specimens. However, the species is easily distinguished by
paramere shape and by the quadrangular paramere spine.

Mahanarva tristis (Fabricius, 1803) (Figures 19-29)

Habitus (Figures 21-22): Head brownish red;
compound eyes black, rounded, arranged transversally;
vertex smooth, rectangular, with a prominent median
carina; ocelli closer to each other than to compound eyes;
tylus smooth and rectangular with a prominent median
carina; antennae brownish red, pedicel sparsely setose,
basal body of flagellum ovoid with one arista as long
as pedicel; postclypeus brownish red, inflated, angulose
in profile, with one longitudinal carina strongly marked
and prominent, lateral grooves strongly marked; rostrum
extending to mesocoxae. Thorax brownish; pronotum
brownish red, hexagonal, curved, with a median carina
slightly marked; pronotum with anterior margin straight,
lateral-anterior margins straight, lateral posterior margin
slightly sinuous, posterior margin grooved; scutellum
brownish with slight central concavity, with horizontal
grooves strongly marked; tegmina black with basal third
yellowish orange and a yellowish orange stripe between
the median third and the beginning of apical third, apical
plexus of veins developed; hindwing hyaliane with brown
venation, vein Cul not thickened at base; legs brownish red
with meso and metathoracic femora black, metathoracic
tibia with two lateral spines (basal spine equal in size to
spines in apical crown; apical spine larger than spines in
apical crown); apical crown of spines on tibia consisting
of two rows; basitarsus with three rows of spines covered
by long setae; subungueal process present and triangular.
Abdomen black.

Male genitalia: Pygofer with a rounded process
between anal tube and subgenital plates (Figure 25);
subgenital plates long, basal portion of dorsal margin
rounded (Figure 26); parameres with two subapical spines
directed downward, dorsal margin rounded (Figure 27);
aedeagus long and slender with a pair of flattened dorsal
straight processes with slightly divergent apex, inserted
on the median portion of the shaft (Figures 28-29).

Remarks: This species exhibits extensive color
polymorphism. The color form described herein has never
been documented before (Figures 21-22). The spots on the
tegmina can be smaller, and the body coloration can be
black (Figures. 19-20, 23-24).

Zulia pubescens (Fabricius, 1803) (Figures 30-36)

Habitus (Figures 30-31): Head black with a metallic
shine, compound eyes black, rounded, arranged transversely;
ocelli closer to each other than to compound eyes; tylus
smooth and rectangular with a prominent median carina;
vertex smooth, rectangular, with a prominent median
carina; antennae black, pedicel sparsely setose, basal body
of flagellum globose, inserted inside the pedicel, with one
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arista smaller than pedicel; postclypeus black, inflated,  black; pronotum black, hexagonal, with a median carina
forming an acute angle in profile, with one longitudinal  strongly marked; pronotum with anterior margin straight,
carina strongly marked and prominent, lateral grooves  lateral-anterior margins straight, lateral posterior margin
slightly marked, rostrum reaching mesocoxae. Thorax  slightly sinuous, posterior margin grooved; scutellum
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Figures 1-18. Deois incompleta - Dorsal and lateral habitus: 1-4; Male genitalia: 5. Pygofer, lateral view; 6. Subgenital
plates, ventral view; 7. Paramere, lateral view; 8. Aedeagus, lateral view; 9. Aedeagus, ventral view. Mahanarva spectabilis -
Dorsal and lateral habitus: 10-13; Male genitalia: 14. Pygofer, lateral view; 15. Subgenital plates, ventral view; 16. Paramere,
lateral view; 17. Aedeagus, lateral view; 18. Aedeagus, ventral view. Scale bars in mm.
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brownish with slight central concavity, with horizontal =~ metathoracic tibia with two lateral spines (basal spine
grooves strongly marked; tegmina black, apical plexus  equal in size to spines in apical crown; apical spine larger
of veins developed; hindwings hyaline with dark brown  than spines in apical crown); apical crown of spines on
venation, vein Cul not thickened at base; legs black;  tibia consisting of two rows; basitarsus with two rows of
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Figures 19-36. Mahanarva tristis - Dorsal and lateral habitus: 19-24; Male genitalia: 25. Pygofer, lateral view; 26. Subgenital
plates, ventral view; 27. Paramere, lateral view; 28. Aedeagus, lateral view; 29. Aedeagus, ventral view. Zulia pubescens -
Dorsal and lateral habitus: 30-31; Male genitalia: 32. Pygofer, lateral view; 33. Subgenital plates, ventral view; 34. Paramere,
lateral view; 35. Aedeagus, lateral view; 36. Aedeagus, ventral view. Scale bars in mm.

%
o4t
-

732 Braz. J. Biol., 2018, vol. 78, no. 4, pp. 728-735



New wing color polymorphism and taxonomic information to cercopids

spines covered by long setae; subungueal process present
and quadrangular. Abdomen black.

Male genitalia: Pygofer with an inconspicuous
rounded process between the anal tube and subgenital
plates (Figure 32); subgenital plates long, dorsal margin
straight, apex twisted (Figure 33); parameres with an apical
hook-like spine directed downward, dorsal margin straight
(Figure 34); aedeagus slender, shaft without processes,
basal and median portion covered with small teeth, apex
cup-like (Figures 35-36).

Remarks: This species does not exhibit color
polymorphism and is easily distinguished by the angular
shape (forming an acute angle) of the postclypeus.

4. Discussion

The economic importance of cercopids results from
the fact that these insects debilitate the host plants due to
continuous sucking sap and injection of toxins, resulting
in leaf chlorosis (Nilakhe et al., 1984). Several cercopids
species are found on upland rice worldwide: Deois schach
(Fabricius), Denoplux nigropunctata (Stél), Deois flexuosa
(Walker), Deois flavopicta (Stal), Deois incompleta
(Walker), Zulia entreriana (Berg), Mahanarva fimbriolata
(Stal), Aeneolamia spectabilis (Distant,), Aeneolamia varia
(Fabricius), Aeneolamia postica (Walker), Abidama producta
(Walker), Locris maculata (Fabricius) and Locris rubra
(Fabricius) (Dean, 1978; Rossetto et al., 1978; Ferreira
and Martins, 1984; Nilakhe, 1985; Ferreira, 2006;
Sere et al., 2008; Nwilene et al., 2009; Onasanya et al.,
2012; Koudamiloro et al., 2015).

The practice of planting monoculture pastures in the
North and Central regions of Brazil, an increasing trend
in recent years, has resulted in population increases in
auchenorrhynchous insects in general, leading in turn
to increased economic damage to the cultivated crops.
These losses are documented in pasture grasses and other
important crops such as rice, sugarcane and maize (Nilakhe,
1985; Hewitt, 1988; Cosenza et al., 1989; Cruz et al.,
2010). In several regions of Brazil where upland rice fields
are surrounded by pastures, severe damage occurs from
migrating adults when the grasses become unfavorable
hosts. Significant areas occupied by rice and corn, especially
in the states of Mato Grosso do Sul, Goias, Minas Gerais
and more recently, Mato Grosso have been infested by
these insects (Bernardo et al., 2003).

The presence of these insects in different crops, even
in small numbers as observed in our work, is an indication
that they may become potential pests for upland rice
cultivated in Para state. According to Ferreira et al. (2003),
Auchenorrhyncha are found in all regions of the world
where rice is grown and in some regions have caused
severe damage to rice fields because of its feeding activity
and spread of diseases and viruses, such as countries in
Asia and Central and South America (Rossetto et al., 1972;
Wilson and Claridge, 1991).

These data are worrisome, especially since there
are previous reports of the damage already caused by
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spittlebugs in other rice producing regions of Brazil. The first
record of damage caused by Cercopidae in rice occurred
in an irrigated crop in Rio Grande do Sul state, where
D. flexuosa caused an estimated at 5% loss (Pugliese and
Terra, 1957). Subsequently, Rossetto et al. (1978) observed
D. flavopicta and D. schach causing damage to upland
rice in Sdo Paulo state. However, the greatest damage was
caused by D. flavopicta and Notozulia entreriana (Berg)
in upland rice in the Central region of Brazil, where the
area lost due to the attack of these insects was estimated
at 52,000 ha in 1981/82 in Goias state and 23,000 ha in
1983/84 in Mato Grosso do Sul state (Barbosa et al., 1983;
Souza and Nilakhe, 1985).

Many species of spittlebugs commonly found in pastures
have been observed attacking rice crops; for example,
D. flavopicta occurs frequently and in large populations
in the regions of highest concentration of upland rice and
has been most damaging to the culture (Ferreira et al.,
2003). Considering the information above, this group
of insects deserves attention and should be monitored,
especially in new agricultural frontiers, as in our study
area, where many species of insects have been reported
for the first time in several economically important crops
(Krinski et al., 2012; Krinski and Pelissari, 2012; Krinski,
2013a, b,2015; Krinski and Godoy, 2015; Martins and
Krinski, 2016; Krinski and Foerster, 2017).

In addition, taxonomic studies with Cercopidae
occurring in different crops should be performed in these
regions which are still poorly investigated, especially when
considering the number of new species of spittlebugs that
have been discovered in Brazil and in all Neotropical Region
(Costa and Sakakibara, 2002; Paladini and Carvalho, 2007,
2013; Paladini, 2011; Paladini and Cryan, 2012; Paladini
and Cavichioli, 2013,2014; 2015; Paladini et al., 2015).
Therefore, documenting taxonomic information such as
color polymorphism is important since the conspicuous
color pattern of these insects may be related to factors
such as camouflage coloration (Hamilton, 1982) and also
escape warning coloration (Thompson, 1973). Peck (2000)
considered that the colors displayed by Cercopidae is an
important evolutionary characteristic of defense within
the superfamily Cercopoidea.

Given the economic importance of rice crop in Brazil,
we recommend careful monitoring in rice fields and studies
of control, biology, morphology, ecology and taxonomy of
Cercopidae in different rice varieties, mainly to verify if
some species can become a potential pest for rice cultivation
in the future, as already observed for others pest for upland
rice crops in this region (Krinski and Foerster, 2016; 2017;
Martins and Krinski, 2016).
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