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Abstract

Cicadas are usually studied regarding their importance in agriculture. However, the possibility of this group to represent
a pulse of nutrients can also imply on the success of a given species in the biome. The aim of this study was to assess the
level of total soluble proteins and lipids of Fidicina mannifera (Fabricius, 1803), and to determine whether the species
can promote a pulse of nutrients in two vegetation classes of the Brazilian Cerrado. To assess the pulse of nutrients,
it was concluded the determination of total soluble proteins and lipids from samples of males and adult females of
F. mannifera, and the spatial distribution of exuviae of this species was also calculated in two vegetation classes of
the Brazilian Cerrado. The amount of protein provided by each individual did not differ between males and females
(p = 0.66) but females had 40% more lipids than males (p = 0.05). Regarding F. mannifera the gallery forest offered
11.75 g/ha of protein, 3.91 g/ha of lipids, and the Cerrado stricto sensu offered 4.25 g/ha of protein, and 1.41 g/ha of
lipid. The male cicadas have a hollow abdomen, which houses a resonance chamber for sound production in order
to attract females to mate, and females store larger amounts of lipids, mainly located in the abdominal cavity, where
the body fat is directly linked to the reproductive system for the development of the ovaries and egg production after
emergence. The mass occurrence of £ mannifera in the Brazilian Cerrado and the fast availability of proteins and lipids
make this species a food resource that can directly impact the diet of secondary consumers and scavengers, although
the amount of nutrients available by F. mannifera does not promote a pulse of nutrients in the study site.

Keywords: Cicadidae, cicada, protein, lipids, sexual maturation.

Fidicina mannifera (Hemiptera: Cicadoidea: Fidicinini) promove pulsos de
nutrientes em duas fitofisionomias do Cerrado?

Resumo

O interesse no estudo de cigarras geralmente ¢ despertado pela sua importancia na agricultura. Entretanto, a possibilidade
de que este grupo represente um pulso de nutrientes pode também implicar no sucesso de sobrevivéncia de espécies
importantes num determinado bioma. O objetivo deste trabalho foi verificar o nivel de proteinas soltveis e lipidios
totais de Fidicina mannifera (Fabricius, 1803) e determinar se a espécie pode promover um pulso de nutrientes em duas
fitofisionomias do Cerrado. Para avaliar o pulso de nutrientes, foram determinados os niveis de proteinas soluveis e
lipidios totais de machos e fémeas adultos de F. mannifera, e também a distribui¢ao espacial de exuvias desta espécie,
em duas fitofisionomias de Cerrado. A quantidade de proteinas disponibilizada por individuo ndo diferiu entre machos
e fémeas (p = 0,66), porém fémeas apresentaram 40% mais lipidios do que machos (p = 0,05). Para mata de galeria
F. mannifera ofertou 11,75 g/ha de proteina, 3,91 g/ha de lipidios, e no cerrado stricto sensu, 4,25 g/ha de proteina,
e 1,41 g/ha de lipidio. Machos de cigarras possuem um abdomen oco, que abriga uma camara de ressonancia para
a producdo de som com o objetivo atracdo de fémeas para acasalar, por outro lado as fémeas armazenam maiores
quantidades de lipidios, localizados principalmente na cavidade abdominal, onde a gordura corporal esta diretamente
ligada ao aparelho reprodutor para o desenvolvimento dos ovarios, e producdo de ovos apos a emergéncia. A ocorréncia
em massa de F. mannifera no Cerrado, bem como a disponibilidade de proteinas e lipidios de facil acesso, faz desta
espécie um recurso alimentar que pode impactar diretamente na dieta de consumidores e detritivoros secundarios, embora
quantidade de nutrientes disponibilizados por F. mannifera ndo promova um pulso de nutrientes no local estudado.

Palavras-chave: Cicadidae, cigarra, proteinas totais, lipidios soliiveis, maturagao sexual.
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1. Introduction

In biological communities the environmental processes,
such as the flow of nutrients in the ecosystem, are diverse
and critical to maintain the ecological balance. According
to Begon et al. (2005), the integration of different trophic
levels forms the basis that promotes and provides resources
and energy for living organisms. The ecosystem services
and processes, such as material flow, nutrient cycling
and soil formation, can be translated in terms of indirect
economic benefits that are not destroyed while in use, but
are crucial to the economy in the long term (Primack and
Rodrigues, 2001).

According to Yang et al. (2008), the resource pulses are
defined as infrequent phenomena, characterized by their
large magnitude, short time for occurrence and the addition
of nutrients to the ecosystem. Efforts related to resource
pulses have increased in the last decade (Peek and Forseth,
2003; Yang, 2005; Nowlin et al., 2008; Yang et al., 2008),
which contributed to a better understanding of natural
environments for two reasons: first, because the natural
systems are influenced by some component of the pulse,
and second, because these pulses provide opportunities
to investigate many ecological interactions (Ostfeld and
Keesing, 2000; Small et al., 2013; Yang, 2013).

Arthropods are the most abundant herbivores and
detritivores (Seasted and Crossley, 1984) and influence the
productivity of plants, the cycling and the nutrient flow in
terrestrial ecosystems (Crossley, 1977; Mellec etal., 2011).
The cicadas (Hemiptera: Cicadoidea) are insects usually
bodily medium to large-sized insects and are very common
in the tropics and subtropics. In the last decade the number
of species recorded in Brazil for this group was 160, and
efforts have been made, pointing to an increasing trend
for the occurrences in the country (Gogala et al., 2015;
Maccagnan and Sanborn, 2015). The adult life stage of
cicadas, which lasts a few weeks, is considered ephemeral
compared to their nymphal stage (Boulard, 1965). Since
the hatch of eggs, nymphs go underground in search of the
xylem of the roots to feed themselves. The emergence of
cicadas is the phenomenon in which the nymphs leave the
subsoil to the surface and come to accomplish metamorphosis
and later reproduction (Young, 1975; Yang et al., 2008).

Species of cicadas have been associated to resource
pulses by their emergence at high density in a short period
of time (Aoki et al., 2011). This phenomenon occurs
especially in females, because they have the complete
abdomen, making them more attractive for predators,
unlike the males (Brown and Chippendale, 1973).
As cicadas have large amounts of dissolved nitrogen (N),
phosphorus (P) and carbon (C), they emerge to become
a significant trophic action (Mellec et al., 2011). Such
animals promote the translocation of nutrients from the
subsoil, where the nymphs fed on the plant stems, and
adults are susceptible to predation (Young, 1980). Thus,
they provide a lot of nutrients for the plants when they stir
the subsurface layer, and are an additional source of food
for insectivorous organisms (Seasted and Crossley, 1984).
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For some environments, species of cicadas have play a key
role by the large number of individuals that emerge and
synchronously by the large dimension that they generally
present (Callaham Junior et al., 2000; Yang, 2004).

There are few scientific efforts involving terrestrial
insects and the promotion of resource pulses, but it is
important to show how much predators can feed in their
daily nutritional needs. Among the species of cicadas that
occur in Brazil, Fidicina mannifera (Fabricius, 1803) is
considered to be of large size, as well as Quesada gigas
(Olivier, 1790), to which it has been attributed nutrient
pulse promotion in urban environment, where it is known
that Q. gigas has a massive emergency (Sazima, 2009;
Aoki et al., 2011). This study aims to investigate, for an
abundant species in natural environments such as F. mannifera,
whether it is possible to observe the occurrence of the
same phenomenon. For this purpose, this study assessed
the level of nutrients, such as total soluble proteins and
lipids from Fidicina mannifera (Hemiptera: Cicadidae), in
comparison between males and females, and the biometric
parameters of both specimens, in order to determine whether
the species can promote a pulse of nutrients (resources)
in an area of the Brazilian Cerrado biome.

2. Material and Methods

The field work was conducted in The Agroecological
Technology Center for Small Farmers (AGROTEC), an
agroextractivist area in the municipality of Diorama,
Goias, Brazil (16°14°S, 51°16°W). The AGROTEC has
125 hectares composed of vegetation classes of shrub
Cerrado, Cerrado woodland, gallery forest, patches and
portions of barns. To carry out the collections, it were
used a Cerrado stricto sensu area and a gallery forest, with
samples taken at the period of emergence of the species,
from August to December 2013, as field surveys previously
conducted that pointed, regarding the emerging period of
F. mannifera (Oliveira, 2015). As the species F. mannifera
showed the greatest abundance in the collected area, this
group was used for the analyses in this study.

The adults of £ mannifera were collected during their
period of emergence, using entomological net, where
the specimens captured were sexed and separated by the
month in which the collection was made. This collection
method was chosen so the biochemical components
to be determined could be preserved until performing
the assays. All samples were collected from 8:00am to
6:00pm, during two consecutive days, with intervals of
one week between each collection. Determination of the
number of emerged individuals per area was performed
through exuviae collection of the last instar nymph of
F. mannifera. These molts usually fix the medium height
at the stems of their host trees. For each vegetation class,
three sample areas were chosen with 20 x 20 m (total area
1200 m?), subdivided into squares of 5 x 5 m, where the
exuviae occurrence was examined. Similar to Callaham
Junior et al. (2000), the squares of 25 m* were assessed by
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inspection of the plant stems and surrounding the base of
the trees, twice a month, from August to December of 2013.

In the Laboratério de Entomologia, exuviae were sexed
and identified following the identification keys provided by
Maccagnan and Martinelli (2011) and Motta (2003),being
then quantified. The distribution pattern of cicadas was
based on the collected molt samples, and calculated by
the following dispersion indexes: Morisita Index (MI), in
which values equal to 1 determined a random distribution,
values higher than 1 determined aggregate distributions and
less than 1 showed uniform distributions. The exponent k
was used for the Negative Binomial Distribution (KNBD),
where negative values indicate uniform distribution, low
and positive values (k < 2) indicate highly aggregated
distribution, values between 2 and 8 indicate a moderate
aggregation and values above 8 suggest the occurrence
of random distribution (Elliott, 1979).

The precipitation data for the collection period in the
studied area were obtained by TOVAS (TRMM Online
Visualization and Analysis System), online data system
developed and maintained by NASA GES DISC. The system
acquired data from the monthly accumulated rainfall, based
on geographic coordinates where the study was conducted,
with daily measurements for any selected period, which
in this study was from September to December 2013.

All samples had the water content determined in order
to use the dry mass for biochemical tests. One gram of
dry mass was considered as the amount of material to be
obtained after incubation of specimens for one week, with
daily mass measurements until the constant weight, in a
circulating air oven at 40 °C (adapted from IAL, 2005).
The protein content was performed by the method of
Bradford (1976), briefly: for each sample of dried material
(0.3 g), 10 mL of sodium phosphate buffer (0.1 mol L,
pH 7.0) were added, the mixture was homogenized for
60 min at 4 °C and centrifuged at 2,000 rpm for 10 min.
The precipitate was discarded and the total volume of
supernatant was measured and used for the test as follows:
0.1 mL aliquots of supernatant were mixed with 5 mL of
Bradford reagent and, after 10 min at room temperature,
measurements were taken at 595 nm. The amount of total
protein was calculated using a standard curve with bovine
serum albumin (Sigma-Aldrich, USA) at concentrations
from 5 to 50 ng/100 pL. The protein content in samples
was expressed as mg/g dry mass.

The lipid content was determined by the Soxhlet
method (Pregnolatto and Pregnolatto, 1985), with some
modifications: 0.5 g of dry mass was added into a cartridge

coupled together with a flat bottom flask containing 100 mL
of petroleum ether (Sigma-Aldrich, USA) for extraction.
The solution was under heating at 105 °C for 60 min and
was then placed for evaporation of the solvent. The resulting
lipid material extracted was weighed and calculated and
expressed as mean and standard deviation. The content
of lipids in the samples was expressed in mg/g dry mass.
These data added to the spatial distribution of the species
were used to express the content of proteins and lipids for
each phytophysiognomy.

Statistical analyses were performed in order to determine
if there was any significant difference comparing the weight
of fresh and dry individuals, total proteins and lipids
between males and females, using a t-test. For data with
non-normal distribution, the non-parametric test of Wilcox
was adopted to verify the differences. The availability of
nutrients offered by cicadas month to month was analyzed
by ANOVA and Tukey test a posteriori. All tests were done
through the program R (R Core Development Team, 2012),
considering p < 0.05.

3. Results

During the study period, 58 adult specimens of
F. mannifera were collected, showing 63.8% of males
and 36.2% of females (September: 9 males/2 females;
October: 19 males/3 females; November: 9 males/6 females;
December: 3 males/7 females). Both sexes differed on mass
and nutritional aspects. The total water content in adult
females was significantly higher than in males (t=-2.4196,
p = 0.05), however, the dry mass did not differ between
sexes (t=-2.3675, p=0.08) (Table 1).

The amount of protein provided by each individual
did not differ between males and females (t = -0.4546,
p=0.66), but the F mannifera females showed 40% more
mass than males in lipids (w = 1, p=0.05). The available
proteins and lipids offered by males and females increased
in samples collected on November and December 2013
(Figures 1 and 2).

Along the period of emergence (September to November
2013), the content of proteins for males increased (p <0.001),
but in the months of November and December 2013 the
samples showed stabilization, and did not presented
any alteration (p = 0.38). In females, although the same
difference along the sampling months (p <0.001) could be
observed, there were more proteins found in the samples
obtained in November 2013.

Table 1. Water content and dry weight of males and females of F. mannifera considering the emerging period in The

Agro-ecological Technology Center (AGROTEC).

Water (%) Dry weight (g)
Male Female Male Female
Sept/13 26.38 +£0.17 27.54+0.32 0.85+0.075 1.10+£0.14
Oct/13 25.84+0.30 22.69+0.21 0.81 £0.10 0.88 £0.04
Nov/13 22.81+0.25 26.13 £0.63 0.79 +£0.092 0.99 £0.21
Dec/13 24.95+0.20 23.63 +£0.35 0.79 £ 0.07 0.84 +£0.16
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Figure 1. Proteins (mg g') in adult males and females of
F. mannifera along the emerging period, collected on the
Agroecological Technology Center for Small Farmers
(AGROTEC), Diorama, Goias. Open diamonds show the
amount of protein present in females.
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Figure 2. Profile of lipids (mg g') in adult males and
females of . mannifera along emerging period, collected on
the Agroecological Technology Center for Small Farmers
(AGROTEC), Diorama, Goias. Open diamonds demonstrate
the amount of lipids present in females.

For lipids, there was no difference in the quantity
supplied by males in the sampled months (p = 0.44), but for
females (excluding the month of September, when it was
not possible to perform the assay in triplicate) differences
between November/December (p =0.03), November/October
(p = 0.002), and for December/October were observed
(p = 0.06). As estimated, for gallery forest, F. mannifera
could offer 11.75 g/ha of protein and 3.91 g/ha of lipid; for
the cerrado woodland, it could offer 4.25 g/ha of protein
and 1.41 g/ha of lipid. The collected exuviae presented
53 individuals from the gallery forest and 15 from the
cerrado stricto sensu. The spatial distribution of F. mannifera
was highly aggregated in both vegetation classes showing
7.66 (MI) and 0.15 (kNBD) in the gallery forest, 7.77 (MI)
and 0.06 (kNBD) in the cerrado woodland.

September 2013 was dry in Cerrado, showing only
75 mm of rainfall, and the onset of the rains in that region
starts in October, with a jump to 253 mm accumulated in
the month. The periods of greatest rainfall on the studied
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Figure 3. Precipitation (mm) for the months sampled in
2013 in the areas of cerrado woodland (closed symbol)
and gallery forest (open symbol) in the Agroecological
Technology Center for Small Farmers (AGROTEC),
Diorama, GO, Brazil.

site were in November and December, with 436 mm to
490 mm (Figure 3).

4. Discussion

The biochemical content of F. mannifera showed
that females are more nutritional than males, especially
because they are richer in fat items. Stamps and Gon (1983)
suggested that females are more suitable as an energy
source than males, which can facilitate their predation.
The availability of lipids offered by F. mannifera females
shows that the anatomical difference between the sexes
in cicadas interferes with the amount of energy available
to the environment. In the case of cicadas, males have
a hollow abdomen, which houses a resonance chamber
for the production of sound in order to attract females
for mating (Cooley, 2001; Sueur, 2003; Boulard, 2006),
while females accumulate nutrient reserves to be used
for breeding.

The cicada females, along the maturation period,
store larger amounts of lipids, mainly localized in the
abdominal cavity, where the body fat is directly related
to the reproductive system for the development of the
ovaries and egg production after emerging (Brown and
Chippendale, 1973). The influence of nutrients on sexual
maturation and reproduction was demonstrated by Blay
and Yuval (1997), where the authors related the influence
of the amount of nutrients on the reproductive performance
in Diptera. In the case of cicadas, during their nymphal
stage, the reserve of nutrients is used to differentiate
reproductive systems (Brown and Chippendale, 1973),
wherein the amount of lipids will ensure the ability of the
females to reproduce and lay eggs.

During the dry season in the Cerrado biome, the
atmospheric evaporative demand and the incidence of
solar radiation substantially increase (Miranda et al., 1997;
Meinzer et al., 1999). Some plant species have access to
water reserves located in the ground due to the depth that
the roots reach, but there is no sufficient water extraction,
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guaranteed to overcome the atmospheric evaporative
demand (Franco, 1998, 2008). Consequently, certain
species reduce the sap flow in response to environmental
conditions (Naves-Barbiero et al., 2000; Franco, 2002;
Bucci et al., 2004; Palhares et al., 2010), thus the amount
of nutrients flowing through the plant may decrease.

Cicadas have as a food source the xylem sap (White
and Strehl, 1978) and the smaller amount of proteins and
lipids during the wet-to-dry season transition must be
linked to reduced sap flow in their host, leading to low
nutrient assimilation. Carvalho et al. (2007) have also
shown that leaves collected during the rainy season had
higher rates of N and P compared to those collected in
the dry season. Another factor that might have indirect
influence on F. mannifera is the sprout of leaves during
the dry-rain transition because young leaves tend to have
higher nutrient leaching as a result of the rains. Thus,
their production before the rainy season reduces the loss
of nutrients (Sarmiento et al., 1985; Mariano et al., 2009)
and increases the photosynthetic efficiency (Felfili et al.,
1999) which can directly increase the xylem sap flow,
which is assimilated by F. mannifera.

Aggregated emergency of F. mannifera also occurs
with other cicadas, as in Q. gigas (Pereira, 2013) and
Fidicinoides sp. (Ribeiro et al., 2006). The aggregated
spatial pattern associated to the amounts of proteins and
lipids translocated by F. mannifera from the subsoil to
the surface, makes this species an abundant resource of
energy for its predators.

The flow of nutrients in cicadas has been discussed
by several authors, either involving nitrogen (Callaham
Junior et al., 2000; Yang, 2004, 2013; Aoki et al., 2011),
in association with heavy metals (Robinson Junior et al.,
2007), and proteins and lipids (Aoki et al., 2011).
Notwithstanding, in the Cerrado sample, F. mannifera
could not promote a pulse of nutrients, since the local
density of the populations and the amount of nutrients
released per hectare was considered small in comparison
to the literature. An example of an annual cicada species
in Brazil is Q. gigas, which, studied in urban environments
away from natural predators, provided 545 g of protein and
363 g of lipids per hectare (Aoki et al., 2011). Callaham
Junior et al. (2000) indicate that a community composed
of five species of cicadas can provide about of 4 kg of
nitrogen per hectare in one year in the tallgrass prairie
in North America. The high difference in the amount
of nutrients available between the results of the works
cited above and the presented here is mainly due to the
difference in the abundance of cicadas between the areas.
The areas of study evaluated in this work are characterized
by being natural and with large vegetable diversity, thus
reducing the probability of a particular species being super
abundant. On the other hand, the data presented in Aoki et al.
(2011) are from urban areas, where the environment is
simplified and favors the abundance of species that adapt
to it. The environment studied by Callaham Junior et al.
(2000) is a grassland that naturally presents itself as a
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more uniform environment (Begon et al., 2005), which
also favors the abundance of certain species.

Due the fact that /- mannifera shows preference to the
gallery forest areas (Oliveira, 2015), its predators in this
phytophysiognomy consume larger amounts of nutrients
when compared to the cerrado woodland. Consumption of
F. mannifera brings energy benefits and food utilization by
predators. Cicadas are food source for animals that do not
feed on plant structures, such as spiders and insectivorous
birds (Aoki et al., 2011), and insect-derived protein has
better quality compared to that derived from seeds and
fruits (Robbins et al., 2005). The lipid consumption by
birds directly influences the size of the nest (Ankney and
Afton, 1988). Moreover, the register of birds feeding on
cicadas, by Sazima (2009) and by Aoki et al. (2011), show
that the cicadas, by apparently not having anti-predation
behavior, become a food source, primarily for birds, but
also for other opportunistic predators.

5. Conclusions

The mass occurrence of F. mannifera in the Brazilian
Cerrado, associated with its spatial aggregation, and the
availability of proteins and lipids make this species a food
resource that can directly impact the diet of secondary
consumers and scavengers, although this species does
not promote a pulse of resources in the studied area.
It is necessary that more animal and plant species can be
studied in this biome in order to know what possible impact
F. mannifera may have on the food chain.
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