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ABSTRACT

This work examines the occurrence, duration and viability of diapause eggs of Mahanarva
spectabilis (Distant, 1909) at different periods of the year. Adult insects were gathered twice a
month in a greenhouse from September 2005 to May 2006 as well as in the same period in 2006-
2007. The spittlebugs collected were taken to the laboratory, sexed and kept in cages containing
one elephant grass plant potted in a 500 mL plastic cup with the upper part wrapped in gauze to
serve as a substrate for egg laying. Around one hundred eggs obtained on each sample date were
kept in climate-controlled chambers. The duration and viability of the eggs were analyzed daily.
The viability was greater than 50% and 72%, respectively, in the evaluations for September 2005
to May 2006 and the same period of 2006-2007. The average embryonic period from September
2005 the first half of March 2006 varied from 15.79 to 28.24 days, except in the first half of January.
In the other samples it varied from 94.80 to 139.04 days, with these being considered diapause.
In the second study period (2006-2007), an embryonic period under 27 days was registered from
September to the first half of November 2006 and again in January and February 2007. In the other
evaluations the insects remained in the egg phase from 55.30 to 196.42 days. The largest number
of diapause eggs occurred in the autumn, with 100% and 90% for the first and second evaluation
periods, respectively.
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RESUMO

DINAMICA SAZONAL DE OVOS EM DIAPAUSA DE MAHANARVA SPECTABILIS
(DISTANT, 1909) (HEMIPTERA: CERCOPIDAE) EM CAPIM-ELEFANTE. O objetivo da pesquisa
foiavaliaraocorréncia, duracdo e viabilidade de ovos em diapausa de Mahanarva spectabilis (Distant,
1909) oriundos de diferentes épocas do ano. Adultos coletados, quinzenalmente, de setembro a
maio em 2005/2006 e 2006/2007, em casa-de-vegetacdo, foram levados para o laboratério, sepa-
rados por sexo e mantidos em gaiolas contendo uma planta de capim-elefante em copo pléstico
de 500 mL, com a porcdo superior envolvida por uma seccdo de gaze que serviu de substrato
para oviposigdo. Cerca de cem ovos obtidos em cada data foram mantidos em camaras climatiza-
das. Diariamente foram analisadas a duragéo e viabilidade de ovos. A viabilidade dos ovos de M.
spectabilis foi superior a 50 e 72% nas avaliagdes de setembro de 2005 a maio de 2006 e no mesmo
periodo de 2006 a 2007, respectivamente. O periodo embriondrio total médio de setembro de 2005
a primeira quinzena de marco de 2006 variou de 15,79 a 28,24 dias, exceto na primeira quinzena
de janeiro. Nas demais amostragens variou de 94,80 a 139,04 dias, sendo esses considerados em
diapausa. No segundo ciclo de avaliagao (2006/2007), um periodo embrionério inferior a 27 dias foi
registrado de setembro até a primeira quinzena de novembro/2006 e em janeiro e fevereiro/2007.
Nas demais avaliagdes os insetos permaneceram na fase de ovo de 55,30 a 196,42 dias. O maior
ntmero de ovos em diapausa ocorreu no outono, com 100% e 90 % para o primeiro e segundo
ciclo de avaliagdo, respectivamente.

PALAVRAS-CHAVE: Penissetum purpureum,forrageira, fatores climaticos, cigarrinha-das-pastagens.

Spittlebugs of the genus Mahanarva (Hemiptera: ening the production of meat by compromising the
Cercopidae) cause serious losses in pastures, threat- available forage (PAauLA-Morags, 2006). This pest can
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also injury other crops such as sugarcane (GARCIA
et al., 2006). These insects are widely distributed in
South and Central America. Their presence has been
reported in various regions of the world (FEwkEs,
1969). The attack of species of the genus Mahanarva
on elephant grass, depending on the period of the
year and population density, can even kill off the
forage (Auap et al., 2007).

To survive during the dry period of the year,
spittlebugs have developed a form of resistance
during the egg phase. During the rainy season,
non-diapause and diapause eggs are laid. The
incubation period of diapause eggs is variable, and
can last up to 288 days (PacHeco, 1981), besides
synchronizing the occurrence of the insects in the
field with the growing cycle of their host plants
(Sur et al., 1995).

An understanding of the mechanisms that
regulate diapause and determine the pattern of its
occurrence in insect pest populations is an important
tool in their management (TAUBER et al., 1994).
Knowledge of the events that can cause changes in
the metabolism, and thus thelifecycle, of these insects
isessential to understand the seasonal fluctuations of
their populations (Suyu et al., 1995; Sujn et al., 2002).
Therefore, determination of the period of the year
when most of the diapause eggs of spittlebugs occur
can help guide decisions on when to use preventive
measures toreduce egg laying (KoLLER; HONER, 1993).
The population onset in the field is determined by
environmental factors favorable to oviposition and
hatching of nymphs.

The objective of this study was to evaluate the
occurrence, duration, and viability of diapause eggs
of Mahanarva spectabilis (Distant, 1909) in spring,
summer and autumn. These data are of great
importance to predict the occurrence of population
peaks and the availability of insects to be kept in
artificial conditions for use in experiments.

The studies were conducted at the Embrapa
Gado de Leite (Juiz de Fora, Minas Gerais, Brazil).
Adults of M. spectabilis collected in the Municipality of
Valenga, Rio de Janeiro, were kept on potted elephant
grass in a greenhouse. Adults from this colony were
then transferred every other week, from September
2005 to May 2006 (first evaluation cycle) and in the
same period from 2006 to 2007 (second period), to
the laboratory, sexed and maintained in clear plastic
cylindrical cages (50 cm height x 10 cm diameter)
at 27 +2°C, UR of 70 £ 10% and 12-h photophase.

A 500-mL plastic cup containing asingle elephant
grass plant was placed in each cage, with the upper
part wrapped in gauze moistened with distilled
water, to serve as a substrate for egg laying for five
days. Then the gauze containing the eggs was placed
over a set of sieves (400 mesh) under running water
to collect the eggs.

Approximately 100 eggs obtained on each date
were placed in 5-cm Petri dishes, covered with
moistened filter paper, and keptin climate-controlled
chambers in the same conditions under which the
adults were maintained in the laboratory. The
duration and viability of diapause and non-diapause
eggs were analyzed daily under a stereoscopic
microscope over the entire evaluation period. The
discrimination of diapause and non-diapause eggs
was done by the embryonic period, by which,
according to Castroetal. (2005), those that remained
in the egg phase for over 30 days are diapause, and
under this period are non-diapause.

We correlated the total number of diapause and /
or non-diapause eggs of M. spectabilis obtained in
each sample and the average temperature, relative
humidity, pluviometric precipitation and photoperiod,
in the intervals before the sample date. With the
average number of eggs obtained per sample, we
conducted variance analysis (F-test < 0.05) and
compared the means by the Scott & Knott test (P <
0.05). M. spectabilis voucher specimens were depos-
ited in the Embrapa Gado de Leite.

The viability of the M. spectabilis eggs was
above 60% in the evaluations between Septem-
ber 2005 and May 2006, except in the second half
of December 2005 and in February and April of
2006, when the percentage of unviable eggs was
above 47%. In the second evaluation cycle (2006-
2007), the viability ranged from 72% to 100%.
MARQUEs (1976), working with Mahanarva posticata
(Stal, 1855), noted a mean viability of 95.8%, and
BarBOsA (1986), with the same species, found the
average of 51.6%. For Mahanarva fimbriolata (Stal,
1854), GaRrcIA et al. (2006) reported viability of
around 80% for eggs always maintained under
adequate conditions of relative humidity and at a
temperature of 27° C. These findings indicate the
interspecific and intraspecific variations on the
embryonic development of the genus Mahanarva.

The total mean embryonic phase for all eggs
(diapause or not) from September 2005 through the
first half of March 2006, of the first evaluation cycle,
varied from 15.79 to 28.24 days (Table 1), except in
the first half of January, when 48% of the eggs were
diapause (Fig. 1A), with the average being 65.92 days
for this date. In the other samples, the embryonic
period wassignificantly longer (P <0.05), varying from
94.80 t0 139.04 days. All these eggs were considered
diapause. Lower values were observed by Castro
et al. (2005), who recorded durations of 50.7 and
48.2 days for diapause eggs of the Cercopidae Zulia
carbonaria (Lallemand) in 1999 and 2000, respectively.
The mean duration of the embryonic period for the
non-diapause eggs was 18.61 days. Thisis close to the
results reported by MarqQues (1976) for M. posticata
(17.4 days) and by FreRe et al. (1968) and GARcIA
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et al. (2006) for M. fimbriolata (20 days). In contrast,
the diapause eggs remained in the egg phase for an
average of 154.50 days (Table 1). A higher average
(196.2 days) was reported by MoraLes (1993) for
Aeonolamia varia (Fabricius, 1787).

In the second evaluation cycle (2006-2007) the
mean duration of the non-diapause and diapause
eggs was 18.76 and 138.41 days, respectively. The
embryonic period for all the eggs taken together
was under 27 days in the samples from September
to the first half of November and also in the second
half of January and February. This interval was

significantly shorter (P < 0.05) than in the other
samples. The duration and percentage of diapause
eggs varied from 55.30 to 196.42 days and from
40% to 100%, respectively (Table 1), (Fig. 1B). For
the non-diapause eggs the duration varied from
13.71 to 26.15 days.

From September to December 2005, the percentage
of diapause eggs ranged from 0% to 12%. There was
a significant increase (50%) in January 2006, but this
increment was not maintained. Starting from the
second half of March until May 2006, nearly all the
eggs were diapause (Fig. 1 A).

Table 1 - Duration (days) of diapause eggs (DE) and non-diapause eggs (NDE) of Mahanarva spectabilis and viability (%),
in the 2005-2006 and 2006-2007 evaluation periods. Juiz de Fora, Minas Gerais, Brazil.
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2005-2006

Collection date d Duration Viability (%

ollection date d/m/y) NDE DE Total iability (%)
20/9/2005 19.40 129.00 21.26 d 77
1/10/2005 17.98 - 1798 d 67
18/10/2005 18.05 - 18.05 d 78
2/11/2005 15.79 - 1579 d 64
15/11/2005 19.93 91.00 2424 d 78
01/12/2005 16.07 - 16.07 d 73
14/12/2005 17.12 224.30 2396 d 53
31/12/2005 17.06 279.50 2435 d 87
14/1/2006 17.18 123.35 65.92 ¢ 62
30/1/2006 18.89 201.25 2824 d 75
15/2/2006 17.28 151.67 27.89 d 51
1/3/2006 17.17 - 1717 d 63
17/3/2006 30.00 143.32 129.88 a 69
30/3/2006 - 139.04 139.04 a 66
17/4/2006 - 94.80 94.80 a 50
4/5/2006 - 122.30 12230 a 91
Mean 18.61 154.50

2006,/2007

Collection date d Duration Viability (%

ollection date d/m/y) NDE DE Total iability (%)
29/9/2006 16.41 - 1641 f 98
13/10/2006 18.43 - 1843 f 93
27/10/2006 15.66 - 15.66 f 100
9/11/2006 26.15 - 26.15 f 75
21/12/2006 19.03 163.04 75.76 e 89
8/1/2007 21.82 169.97 136.71 ¢ 72
17/1/2007 13.71 121.00 1498 f 82
7/2/2007 21.92 - 2192 f 78
5/3/2007 19.00 158.93 140.17 ¢ 96
22/3/2007 - 196.42 19642 a 84
11/4/2007 - 161.63 161.63 b 84
30/4/2007 15.49 106.81 7046 e 96
16/5/2007 - 112.56 11256 d 69
27/5/2007 - 55.30 55.30 e 100
Mean 18.76 138.41

Means within a column followed by the same letter are not significantly different (P<0.05).

Arq. Inst. Biol., Sao Paulo, v.78, n.2, p.325-330, abr./jun., 2011



328

20 o

AM. Auad et al.
A
120 7 Emnon-dispause
ODispsuse
100 g — pemcam
& R
m
o
@ g0 A
-]
=2}
=
E 60 1
]
[ =
1]
m 4D E
20
0 T T ]
[Ty} [Ty} "] '] [T} [Ty} o] [T} w w o o w w w o
= g g = = g g g = = = = = = 3 %
S = = = = = = = 5 S B = . 5 r S
2] — =] o i — = = — (o] — — (o] —
Collection date (dimify)
120 1 B | Mon-dispause
O Dispause
100 p— S —
. | |
m
o
@ 80 A I
@
m
do;
E B0 1
]
[ =
1]
m 4|:| <
0 1

29/9106
131 0106
27/10/06
811106
Ry —
BT -

17M.07

207

5/307
220307
114007
3004007
161507
271507

Collection date (dimfy)

Fig.1 - Percentage of diapause and non-diapause eggs in the 2005-2006 (A) and 2006-2007 (B) evaluation periods. Juiz

de Fora, Minas Gerais, Brazil.

In the second evaluation cycle (2006-2007), from
September to November 2006 all the M. spectabilis
eggs were non-diapause. In the second half of
December and the first half of January the proportions
of diapause eggs were 39% and 78%, respectively,
decreasing to 1% and 0%, in the next two samples.
However, starting in March, the majority of the
eggs were diapause. According to RODRIGUEZ et al.
(2003), except for March and May, the proportion
of diapause eggs of Prosapia simulans (Walker,
1858) was above 70%, in evaluations running from
January to May 2001.

The highest number of diapause eggs occurred
in the autumn, with 100% and 90% in the first
and second evaluation cycles, respectively. In
the other seasons, the percentage of diapause
eggs was 3% and 0% in the spring and 26% and
40% in the summer of 2005-2006 and 2006-2007,
respectively (Fig. 1 A and B). For Z. carbonaria
(Lallemand), Castro et al. (2005) reported that
from January 1999 to August 2000, only 0.4% of
eggs were diapause, suggesting that this species
has another defense mechanism to withstand the
dry season.
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We observed similar embryonic periods in the
different evaluation cycles (Table 1), but this did not
occur for the proportion and percentage of diapause
eggs (Fig. 1 A and B). We found the occurrence of
diapause eggs from December 2006 to the first half
of January 2007, while in this same period of the
first evaluation cycle the majority of eggs were not
diapause. Also, the predominance of diapause eggs
in the dry season occurred later in the 2005-2006
cycle. Starting from March the majority of the eggs
were diapause in both evaluation cycles, and there
was a significant correlation between the periods of
the occurrence of diapause eggs between 2005-2006
and 2006-2007 (r = 0.83, z = 2.34, F = 0.0096).

Despite the evidence of a defined period for the
occurrence of diapause eggs in M. spectabilis, these
were present in different proportions and were
observed on 70% and 62% of the dates in the sample,
inthefirstand second evaluation cycles, respectively.
KorLer; HoNer (1993) found non-diapause and
diapause eggs of Deois flavopicta (Stall, 1954), in all
the collections in the period from 1984 to 1988. Evans
(1972) mentioned that the proportion of females
that lay diapause eggs increases as the generations
progress, with a limit of 94% occurrence.

Considering that the recently emerged females
in this study were gathered and immediately placed
under constant conditions of temperature, relative
humidity and photoperiod suggests that the climate
conditions to which these females were submitted
during the egg laying period is not a stimulating
factor for diapause eggs production. This hypothesis
has also been proposed by LUKEFAHR et al. (1964),
SAUNDERS (1987) and KoLLER; HONER (1993) who men-
tioned that diapause is induced during the nymph
stage and controlled by the physiology of the female.

The correlation of the climatic factors to which
the nymphs were submitted and the occurrence of
diapause eggs was only significant in the 2005-2006
cycle. Inthis period there wasasignificant correlation
with the minimum humidity inside the greenhouse
(r=0.66,z=-2.62and F =0.0044), and for the photoperiod
(r = 04792, F = 0.048) and average humidity (r =
0.6017, F = 0.0186) outside the greenhouse.

We observed that diapause was interrupted
without environmental stimulus, since the eggs
were kept under controlled conditions of humidity,
temperature and photoperiod. This corroborates the
findings of Evans (1972) and Beck (1980).

Evans (1972) and Tauseretal. (1986) reported that
the metabolic activity of diapause eggs decreases
progressively until the embryos reach a dormant
state. We observed thatin diapause eggs the embryo
developed until phase 2, according to the classification
of Peck (2002), and then there was an interruption
in development until after the occurrence of events
capable of causing changes in metabolism, and

consequently emergence from the diapause state.
This was also mentioned by RopriGUEz et al. (2003).

Since the production of diapause eggs is an
important strategy for the establishment of
spittlebugs as forage pests, the ability to predict
the occurrence of population peaks, the availability
of specimens maintained in breeding facilities for
experimental testing and the emergence of nymphsis
avaluable tool in efforts for integrated management
of these cercorpids, providing input for decisions on
the best control method.

ACKNOWLEDGMENT

We thank Embrapa, Conselho Nacional de Pes-
quisa (CNPq) and Fundagdo de Amparo a Pesquisa
do Estado de Minas Gerais (FAPEMIG) for providing
financial support.

REFERENCES

AUAD, AM,; SIMOES, A.D.; PEREIRA, A.V.;

BRAGA, A.LF.; SOUZA SOBRINHO, F.; LEDO,

F.J.S.; PAULA-MORAES, S.V.; OLIVEIRA, S.A ;
FERREIRA R.B. Selecao de genotipos de capim-elefante
quanto a resisténcia a cigarrinha-das-pastagens.
Pesquisa Agropecudria Brasileira, v.42, n.8, p.1077-1081,
2007.

BARBOSA, ].T. Biologia da cigarrinha da folha da cana-
de-agticar Mahanarva fimbriolata (Stal, 1855)

(Hom..: Cercopidae) em condigdes de campo e
laboratério. In: ENCONTRO DE TECNICOS
CANAVIEIROS DA ZONA DA MATA DE MINAS
GERAIS, 6., 1986, Vicosa, MG. Resumos. Vigosa:

1986. p.116-138.

BECK, S.D. Insect photoperiodism. New York: Academic
Press, 1980. 380p.

CASTRO, U,; MORALES, A.; PECK, D.C. Dindmica
poblacional y fenologia del salivazo de los pastos Zulia
carbonaria (Lallemand) (Homoptera: Cercopidae) en el
Valle Geografico del Rio Cauca, Colombia. Neotropical
Entomology, v.34, n.3, p.459-470, 2005.

EVANS, D.E. Studies on egg diapause in Aeonolamia
varia saccharina Dist. (Homoptera: Cercopidae). 1972.
180p. Thesis, London University.

FEWKES, D.W. The biology of sugar cane froghopper
In: WILLIAMS, ].R.; METCALFE, J.R.; MUNGOMERY,
R.W.; MATHES, R. Pests of sugar cane. Amsterdam: Else-
vier Publishing, 1969. p.281-307.

FREIRE, A.M.; SOUTO C.E.R.; MARQUES, E.]. Com-
bate biolégico das cigarrinhas da cana-de-agtcar. Brasil
Acucareiro, v.71, n.4, p.41-44, 1968.

Arq. Inst. Biol., Sao Paulo, v.78, n.2, p.325-330, abr. /jun., 2011

329



330

AM. Auad et al.

GARCIA, J.F.; BOTELHO P.S.M.; PARRA ].R.P. Biology
and fertility life table of Mahanarva fimbriolata
(Hemiptera: Cercopidae) in sugarcane. Scientia
Agricola, v.63, n.4, p.317-320, 2006.

KOLLER, W.W.; HONER, M.R. Correlacées entre fato-
res climaticos e a dindmica de produgao de ovos dia-
pausicos de duas espécies de cigarrinhas-das-pastagens
(Homoptera; Cercopidae). Anais da Sociedade Entomologi-
ca do Brasil, v.22,n.3, p.597-612, 1993.

LUKEFAHR, M.].; NOBLE, LW.; MARTIN, D.F. Factors
inducing diapause in the pink bollworm. Technical
Bulletin of the United States Departament of Agriculture,
n.1304, 17p., 1964.

MARQUES, E.J. Biologia e avaliagio de danos da cigarrinha
da folha Mahanarva posticata (Stal, 1855) (Hom., Cercopi-
dae) em cana-de-agiicar. 1976. 91f. Dissertacdao (Mestrado
em Entomologia) - Escola Superior de Agriculutra Luiz
de Queiroz, Universidade de Sdo Paulo, Piracicaba,
1976.

MORALES, ]. Egg diapause and pest managmente of
Aeneolamia varia (Homoptera Cercopidae) in Venezuela.
Environmental Entomology, v.22, n.5, p.1092-1095, 1993.

PACHECO, ].M. Aspectos da biologia e ecologia de Deois

(Achantodeois) flavopicta (Stal, 1854) na regido de Sdo Car-
los. 1981. 111f. Dissertagdo (Mestrado em Entomologia)
- Universidade Federal de Sao Carlos, Sao Carlos, 1981.

PAULA-MORAES, S.V. Cadeia produtiva da carne é amea-
cada por praga. 2006. Disponivel em: <http://www.cpac.
embrapa.br/materias_pripag/nucleotematico.html>.
Accesso em: 5 mar. 2009.

PECK, D.C. Distribucién y reconocimiento del salivazo
de los pastos (Homoptera: Cercopidae) en la Costa

Caribe de Colombia. Pasturas Tropicales, v.24, n.1, p.4-15,
2002.

RODRIGUEZ, C.H.J.; CASTRO, U.; MORALES, AR;
PECK, D. Biologia del salivazo Prosapia simulans
(Homoptera: Cercopidae), nueva plaga de gramineas
cultivadas en colémbia. Revista Colombiana de Entomolo-
gia, v.29, n.2, 149-155, 2003.

SAUNDERS, D.S. Photoperiodism and the hormonal
control of insect diapause. Science in Progress, v.71,
p-51-69, 1987.

SUJII, E.R.; GARCIA, M.A.; FONTES EM.G.; CAR-
VALHO, V. Efeito da temperatura e umidade sobre o
término da diapausa de ovos e densidade populacional
da cigarrinha-das-pastagens, Deois flavopicta (Stal)
(Homoptera: Cercopidae). Anais da Sociedade
Entomolégica do Brasil, v.24, n.3, p.465-478, 1995.

SUJIL E.R.; GARCIA, M.A; FONTES, EM.G.; PIRES
C.S.S.; O'NEIL, R/]. Effect of meterological variation on
mortality in population of the spittlebug Deois flavopicta
(Homoptera Cercopidae). Environmental Entomology,
v.31, n.2, p.299-305, 2002.

TAUBER, M.].; TAUBER, C.A.; MASAK]I, S. Seasonal
adaptations of insects. New York: Oxford University
Press, 1986. 411p.

TAUBER, M.J,; TAUBER, C.A.; NYROP, J.P. Soil moisture
and postdormancy emergence of Colorado Potato
Beetles (Coleoptera: Chrysomelidae): descriptive model
and field emergence patterns. Environmental Entomology,
v.23, n.6, p.1485-1496, 1994.

Received on 31/7/09
Accepted on9/2/11

Arq. Inst. Biol., Sao Paulo, v.78, n.2, p.325-330, abr./jun., 2011





