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Abstract: Trechopper assemblages were sampled in four semi-arid areas of caatinga in Northeast Brazil during the
rainy seasons of 2016 and 2017, using three different capture methods. The areas are located in two Ecoregions of
the Caatinga: “Depressdo Sertaneja Setentrional” (Northern Sertaneja Depression) and “Planalto da Borborema”
(Borborema Plateau). A total of 2,394 individuals of 43 species were sampled, corresponding to approximately
87% of the mean estimated species richness for all four areas. The species richness varied among the areas from
14 to 21, while the abundance of individuals ranged from 129 to 1860. Eighteen species were shared among areas,
of which only Enchenopa eunicea, Sundarion sp. 1, Ceresa vitulus and Erosne parvula occurred in all four due to
the general behavior of the first three and the wide distribution of host plant of Erosne parvula - Mimosa tenuiflora.
Twenty-five species occurred only in one area, of which 23 were categorized as rare with a maximum of eight
individuals sampled, and seven with only one individual collected (singletons). Considering that the Caatinga
Domain possesses at least nine Ecoregions with different climates, geomorphology and vegetation, along with
marked endemism of plants, it is expected that the species richness of treehoppers will increase substantially on
a regional scale.
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Taxocenoses de membracideos (Membracidae, Auchenorrhyncha) de quatro areas de
caatinga do semi-arido do nordeste do Brasil

Resumo: As taxocenoses de membracideos foram amostradas em quatro areas de Caatinga do semiarido do Nordeste
brasileiro, durante a estagdo chuvosa de 2016 ¢ 2017, utilizando trés métodos distintos de captura. Essas areas
estdo inseridas em duas Ecorregides da Caatinga, Depresséo Sertaneja Setentrional e Planalto da Borborema. Um
total de 2.394 individuos pertencentes a 43 espécies foram amostrados, correspondendo a aproximadamente 87%
da riqueza de espécies média estimada para o conjunto das quatro areas. A riqueza de espécies por area variou
de 14 a 21, enquanto a abundéncia de individuos variou de 129 a 1860. Dezoito espécies foram compartilhadas,
mas apenas Enchenopa eunicea, Sundarion sp. 1, Ceresa vitulus e Erosne parvula ocorreram em todas as areas,
em decorréncia do comportamento generalista das trés primeiras espécies e da distribuicdo ampla da planta
hospedeira de Erosne parvula - Mimosa tenuiflora. Vinte cinco espécies foram exclusivas, ocorrendo em apenas
uma das areas, sendo 23 dessas categorizadas como raras, com no maximo oito individuos amostrados, e sete
com apenas um Unico individuo coletado (singletons). Tendo em vista que o Dominio da Caatinga possui, pelo
menos, nove Ecorregides, com diferentes caracteristicas de clima, geomorfologia e vegetagdo, inclusive com uma
marcante taxa de endemismo de plantas, ha expectativa que a riqueza de espécies de membracideos possa aumentar
substancialmente numa escala regional.

Palavras-chave: biodiversidade, Regido Neotropical, plantas hospedeiras, membracideos.
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Introduction

Treehoppers (Membracidae) are phytophagous hemiptera of the
suborder Auchenorrhyncha. They frequently go unnoticed by most
people because the elaborated form of the pronotum often resembles
parts of the plant son which they occur Deitz 1975. They are mostly
found on the most sun-exposed parts of their host plants (Funkhouser
1951), such as new branches, inflorescences and infructescences
(Haviland 1925), where they suck sap and, as result, excrete honeydew,
which attracts mainly bees and ants with which they establish mutualistic
relationships (Loye 1987, Del Claro & Oliveira 1999, Delabie 2001).

The treechopper fauna, and their geographic distributions, were
initially recorded systematically by Funkhouser (1927). Supplements
to this first catalog have since been published (Metcalf & Wade
1965, McKamey 1998). The last supplement included about 3,300
species distributed in six zoogeographic regions, the richest being the
Neotropical Region with about 43% of the total species. Currently,
686 species have been recorded in Brazil (Evangelista et al. 2018),
but the real richness is likely much higher considering the low number
of researchers in the country devoted to the group, numbers gaps in
sampling of the main phytogeographic domains of Brazil and difficulties
accessing canopy fauna, where most of the species occur.

The Caatinga encompasses an area of 912,529 km?, representing
10.7% of'the area of Brazil, and is composed of Seasonally Dry Tropical
Forests (SDTFs) of the Neotropical Region (Silva et al. 2017). A
significant proportion of the country’s population lives in this region, but
since no public policy for maintaining ecosystems was in effect during
their occupation, less than 2% of the area is protected as full protection
Conservation Areas (Tabarelli et al. 2000). The rhetoric that prevailed
in the past, that the Caatinga harbored few species and therefore had
low conservation priority, no longer finds support among the scientific
community. The high number of endemic species described each year
is a testament to their differentiated diversity and, at the same time,
to the lack of knowledge about them (Bellini 2014, Mariano & Costa
2014, Carvalho & Bravo 2014, Lecci et al. 2014, Vasconcellos & Moura
2014, Credo-Duarte et al. 2017, Ernesto et al. 2018).

The climate of the Caatinga is marked by two well-defined seasons
(drought and rain) that affect the dynamics of all the biotic components
of the ecosystem. Precipitation and relative humidity are the main
climatic variables that predict an increase in plant biomass, which in
turn substantially alter the life cycle of animals and, consequently, all
the biological activities performed by these organisms (Vasconcellos
et al. 2010). The rainy season determines significant changes in the
abundance of insects (Gusmao & Credo Duarte 2004, Iannuzzi et al.
2006, Vasconcellos et al. 2010, Liberal et al. 2011) and, consequently,
increases in reproduction, predation, parasitism (Fogden 1972, Wolda
1978) and foraging (Janzen & Schoener 1968).

Research on treehoppers (Membracidae) of the Caatinga has had the
aim of describing new species (Credo-Duarte & Rothéa 2006, Rothéa
& Credo Duarte 2007) or emphasizing aspects of their ecology, such as
insect/host plant relationships (Credo-Duarte et al. 2012, 2016). Strictly
speaking, the present study represents the first systematized effort to
inventory the fauna of Membracidae in the Caatinga by describing
its abundance and species richness in four areas of located in two
Ecoregions of Northeast Brazil.
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Material and Methods

1. Study areas

The study was developed in four areas of caatinga in the
state Paraiba, Brazil. (i) RPPN Fazenda Almas (RPFA) (centered
approximately at 7°28°12”’S, 36°53°52”W): this area is located in the
municipalities of Sdo José dos Cordeiros and Sumé, has an area of 3,505
ha and a maximum elevation of 720 m. The mean annual precipitation
is 600 mm, and the climate is classified as BSh (Koppen 1948). The
vegetation is open arboreal, with low levels of anthropic disturbance
(Lima & Barbosa 2014, Barbosa et al. 2015). (ii) Serra de Santa Catarina
(SESC) (centered at approximately 7°00°46”’S, 38°11°12”’W): this
area is located in the municipalities of Nazarezinho and Sao José¢ da
Lagoa Tapada, has an area of 11,210 ha, and a maximum elevation of
830 m. The mean annual precipitation is 892 mm, and the climate is
classified as 4ath, that is, hot tropical and markedly dry (Bagnolds. &
Gaussen 1963). Seasonal deciduous caatinga occurs in areas at higher
elevations, and possess high aerial biomass and great potential for
conservation of Caatinga biodiversity (Giulietti et al. 2003, Ernesto et al.
2018). (iii) Parque Ecoldgico Engenheiro Avidos (PEEA) (6°59°12”S,
38°27°22”W): this area is located in the municipality of Cajazeiras, has
area of 181.98 ha and a maximum elevation of 290 m. The mean annual
precipitation is 870 mm, and the climate is classified as 4w (K&ppen).
The vegetation is shrubby and open, and exhibits clear signs of recent
anthropic impacts (Feitosa et al. 2002). (iv) Parque Estadual da Pedra
da Boca (PEPB) (6°27°32”S, 35°40°38”W): this area is located in the
municipality of Araruna, has an area of 157 ha and a maximum elevation
of 400 m. The mean annual precipitation is 950mm, and the climate is
classified as BSh (Koppen). The vegetation is shrubby with high levels
of anthropic disturbance. The first three study areas are located in the
“Depressao Sertaneja Setentrional” (Northern Sertaneja Depression) and
the last in “Planalto da Borborema” (Barborema Plateau), according
to the classification of Caatinga Ecoregions proposed by Velloso et
al. (2002).

2. Collection protocol

Treehoppers were captured in each area during four expeditions
during the rainy season of 2015 (PEEA and PEPB) and 2016 (RPFA
and SESC), using three methods: yellow adhesive cards, light traps and
active collection. The two-sided (11 x 21cm) adhesive cards (PROMIP®)
were arranged in the study areas at two heights — up to 1.5m and the
tree canopy — separated from each other by at least 20m and from the
edge by 50m. The cards were thrown into the canopy with the help of
a slingshot, (Durepox®) spheres and throwing lines. Thirty cards were
placed at each height for a total of 60 cards per area. Each card was
considered a sample unit and remained in the field for five days. The
insects collected with adhesive cards were removed from the glue using
Varsol® solvent for 24h followed by acetone.

The light trap was equipped with a 250w and 220v mixed mercury
light, powered by a 60Hz and ~700W portable gasoline generator,
against a white fabric background (2.0 x 2.0m). For this method, 90
minutes of collection was considered a sample unit, with 10 sample
units being performed in each area. The distance between traps was
100m.
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Active collection was performed along a transect of about
1,200m, distributed along trails and in the edges of the forest, using an
entomological net, plastic bags and killing-jars to capture insects seen
up to the reach height of the entomological net (about 4m). Active
collection sampled a total of 30 sampling units of 30m each spaced at
10m intervals along the transect.

The entire collection protocol employed four people experienced
in collecting trechoppers over the course of five days at a cost $200 per
area, including food, adhesive cards and fuel. After mounting and drying,
the specimens were incorporated into the Coleg¢do (Entomoldgica) do
Departamento de Sistematica e Ecologia (DSEC)/UFPB.

3. Data analysis

EstimateS 9.1 software (Colwell 2000) was used to estimate species
richness through the Chaol estimator and to construct the collector
curve. In this case, as the abundances are very different between the
areas, we chose to relate the richness to the number of samples, which
had the same strength per area, one hundred samples. In all cases the data
were submitted to 1000 randomizations without replacement (Walther &
Moore 2005, Colwell 2006). The amount of additional effort, in terms
of individuals required to reach 95% (g = 0.95) and 100% (g = 1) of
the estimated richness was calculated by Chao et al. (2009). Finally,
differences in species composition between areas were illustrated using
a Venn diagram constructed with Venny 2.1 software (Oliveros 2015).

Results

Atotal of 2,394 treehoppers, belonging to 43 species and 24 genera,
were collected in the four caatinga areas (Table 1). The total species
richness sampled (43 spp.) corresponded to 93,26% of total estimated
richness (46.11 spp.) (Table 2) and the additional effort to reach 95%
(g=10.95) and 100% (g = 1) of the species richness in the areas would
require an increase in the collection effort to 1,300 and 4,391 individuals,
respectively.

The observed species richness varied among areas, ranging from
14 to 21, with estimates ranging from 14.0+0.1 to 26.0+5.5 (Chaol)
(Table 1 and 2). The trend-lines produced (the species accumulation
curves) suggest that increased sampling effort in SESC and PEPB would
have a high likelihood increasing significantly the species richness of
these areas (Figure 1).

The number of individuals per area ranged from 129 (RPFA) to
1,860 (SESC), with Melusinella nervosa being the most abundant in
two of the areas. More broadly, dominance of the assemblages was
such that only three species, Melusinella nervosa, Ervosne parvula and
Sundarion sp. 1, were responsible for approximately 79% of all the
individuals (Table 1). In the set of assemblages, seven species had only
one individual collected (singletons), with areas possessing 1 (PEEA),
2 (PEPB) and 4 (SESC).

Eighteen species were shared between two, three or four areas,
with Erosne parvula, Sundarion sp. 1, Enchenopa eunicea and Ceresa
vitulus being the species that were collected in all areas or, in other
words, 9.3% of the species. However, the number of exclusive species
was 25, with SESC being the area with the highest number of species
(12) in this category (Figure 2).
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Discussion

When the species richness of the present study (43 spp.) is combined
with other pre-existing records in DSEC Entomological Collection, the
total treehopper species richness for the Caatinga in Paraiba reaches 64.
Furthermore, 30 (46,8%) of these species represent exclusive records
for the Caatinga Domain of this state and so have a high likelihood of
being endemic species. In addition, 20 species of this total may be new
to science, although only two Ecoregions of the Caatinga have been
explored: “Depressdo Sertaneja Setentrional” (RPFA, SESC and PEEA)
and “Planalto da Borborema” (PEPB).

Treehoppers are phytophagous insects and the dominance of
these species in an environment is a function of an equally abundant
occurrence of plants (resources) that hosts these Hemiptera (Wallace,
2008). Melusinella nervosa was the most abundant species in the
present study, having been recorded in three of the four areas and with
1,509 individuals having been captured in RPFA alone, where its most
important host plant, Sida galheirensis Ulbr. (Malvaceae), occurs in
abundance as well. In a study of niche overlap in the Caatinga, using
only active collection, Enchenopa concolor, E. eunicea and E. minuta
were found to be the most abundant species, and were collected in
association with eight, nine and four species of host plants, respectively
(Credo-Duarte et al. 2012).

The number of species shared by two or more areas (18) was less
than the number of exclusive species (25). We believe that the sharing
of species between areas may be more likely for generalist species or
when a species-specific host is widely distributed. Enchenopa eunicea,
Erosne parvula, Sundarion sp. 1, and Ceresa vitulus, were the only
species shared by all four areas of the present study. Of these, E.
eunicea is a generalist species, Sundarion sp. and Ceresa vitulus have
been recorded for four host plants, and Erosne parvula was collected
on Mimosa tenuiflora (Wild.) Poiret (Fabaceae), a common Caatinga
plant, with eight species of treehoppers already recorded using it as a
host in this domain (Credo-Duarte et al. 2012).

Among the exclusive species (25), 23 were represented by eight
or fewer individuals; that is, they were rare species in the assemblage
(Table 1), but host specificity among treehoppers is more relevant
to species of temperate regions, since tropical species tend to be
polyphagous (Wood 1984, 1993). Lopes (1995) listed 26 species of
treehoppers for the Cerrado, which occurred on 40 species of host
plants, about 27% of which were recorded for a single host plant.
The scope of this study, however, did not seek to identify host plants,
although a study of Membracidae niche overlap in the Caatinga found
that only about 15% of the species were associated with a single host;
thus, the generalization of Wood (1984, 1993) also applies to Caatinga
treehoppers.

Comparing the 26 species collected in a locality of the Cerrado by
Lopes (1995) with the 43 species collected in the Caatinga reveals that
only three species are common to both biomes: Enchenopa concolor,
Enchenopa gracilis and Prorcyrta pectoralis. The two species of
Enchenopa have broad distributions, ranging from Central America
to southern Brazil (McKamey 1998). In the Cerrado, E. concolor was
only recorded on Bauhinia holophylla Steud (Leguminosae), while E.
gracilis was recorded on six host plants from six different botanical
families. In the Caatinga, E. concolor was recorded on eight different
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Table 1. Species richness and abundance of Membracidae in four areas of caatinga in the state of Paraiba, Brazil.

Species RPFA SESC PEEA PEPB N N (%) N ac (%)
Melusinella nervosa (Fairmaire) 1509 0 14 53 1576 65.83 65.83
Erosne parvula Evangelista & Sakakibara 145 1 69 4 219 9.15 74.98
Sundarion sp.1 68 10 4 89 3.72 78.7
Paraceresa sp.1 0 23 55 78 3.26 81.96
Tolania sp. 5 27 0 31 11 69 2.88 84.84
Stictopelta sp. 29 0 18 11 58 2.42 87.26
Enchenopa eunicea Rothéa & Credo-Duarte 16 1 9 29 55 2.3 89.56
Procyrta pectoralis (Fabricius) 3 37 0 1 41 1.71 91.27
Notocera sakakibarai Credo-Duarte & Rothéa 12 0 2 9 23 0.96 92.23
Hygris beckeri Sakakibara 0 1 18 22 0.92 93.15
Micrutalis diminuta Sakakibara 0 19 0 0 19 0.79 93.94
Ceresa vitulus (Fabricius) 1 2 13 1 17 0.71 94.65
Peltosticta yonkei Sakakibara 15 0 0 2 17 0.71 95.36
Enchenopa gracilis (Germar) 4 0 0 11 15 0.63 95.99
Tolania sp. 4 15 0 0 0 15 0.63 96.62
Enchenopa minuta Credo-Duarte & Rothéa 0 0 8 0 8 0.33 96.95
Amastris sp. 1 2 0 0 4 6 0.25 97.2
Ceresa ustulata Fairmaire 1 5 0 0 6 0.25 97.45
Enchenopa concolor (Fairmaire) 0 5 0 0 5 0.21 97.66
Euwalkeria sp. 0 5 0 0 5 0.21 97.87
Heteronotus sp. 1 0 4 0 0 4 0.17 98.04
Sundarion sp. 2 1 0 2 1 4 0.17 98.21
Tolania sp. 2 4 0 0 0 4 0.17 98.38
Tolania sp. 1 1 0 0 3 4 0.17 98.55
Cymbomorpha sp. 1 0 3 0 0 3 0.13 98.68
Heteronotus sp. 2 0 3 0 0 3 0.13 98.81
Notocera colavitei Credo-Duarte & Rothéa 0 3 0 0 3 0.13 98.94
Tolania sp. 3 1 2 0 0 3 0.13 99.07
Amastrini sp. 0 0 0 2 2 0.08 99.15
Amastris sp. 2 0 0 2 0 2 0.08 99.23
Amblyophallus sp. 2 0 0 0 2 0.08 99.31
Cymbomorpha sp. 2 0 0 0 2 2 0.08 99.39
Darnis sp. 0 0 2 0 2 0.08 99.47
Micrutalis sp. 0 0 0 2 2 0.08 99.55
Paraceresa sp. 2 0 2 0 0 2 0.08 99.63
Philya longicauda Sakakibara 0 0 0 2 2 0.08 99.71
Cymbomorpha nigrofasciata (Fairmaire) 0 0 0 1 1 0.04 99.75
Lycoderides olivae Sakakibara 0 1 0 0 1 0.04 99.79
Micrutalis binaria Fairmaire 1 0 0 0 1 0.04 99.83
Ramedia pauperata Credo-Duarte & Sakakibara 0 1 0 0 1 0.04 99.87
Smiliorachis sp. 2 0 1 0 0 1 0.04 99.91
Smiliorachis sp. 3 0 1 0 0 1 0.04 99.95
Tynelia longula Burmeister 0 0 0 1 1 0.04 99.99
Abundance 1860 129 230 175 2394 100

Species richness 21 20 14 21 43
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Table 2. Values of richness observed and estimated.
RPFA SESC PEEA PEPB TOTAL

Species Richness 21 20 14 21 43
Singletons 6 6 1 5 7
Doubletons 2 3 4 5 8
Chao 1 = SD 26.0£5.5 23.7+4.2 14.0£0.1 22.742.2 46.11+£3.1
Sampled richness % 80.77 84.39 100.00 90.09 93.26

The column “TOTAL” represents the combining of the four areas into 400 sample units.

Figure 1. Species accumulation curves for four areas of caatinga in the state
of Paraiba, Brazil.

Figure 2. Venn diagram for species of Membracidae, exclusive and shared, in
four areas of caatinga in the state of Paraiba, Brazil.

plant species, the most common being Indigofera suffruticosa Mill.
(Fabaceae) (Credo Duarte et al. 2012). The low proportion of common
species found between the domains may be historical and indicate that
the Caatinga and Cerrado are not the result of a single ancestral area,
as stated by Zanella (2010).

The species accumulation curves for each area translate the richness
estimates obtained with the Chaol estimator. The PEEA curve was the
only one that approached the asymptote, but the stopping rule was not
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met due to the occurrence of a singleton, Hygris beckeri. In the other
three areas it was not possible to identify any stability trend and the
curves indicate that additional sampling efforts should be directed to
them in order to reach 95% and 100% of the estimated richness.

The Caatinga Domain makes up the richest area of Dry Seasonal
Tropical Forest in the New World, where more than 3,000 plant species
are found with an estimated endemism of 23% (Queiroz et al. 2017).
In this domain, which corresponds to 10.7% of the national territory,
there are at least 13 compositions of different vegetal physiognomies
distributed among nine distinct ecoregions (Veloso et al. 2002, Silva
et al. 2017). The heterogeneity of the Caatinga, the low similarity
between the sampled assemblages of treehoppers in different areas and
the large sampling gaps in this domain suggest that the biodiversity of
these insects will increase substantially with increased sampling effort,
especially in ecoregions not yet explored.
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