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ABSTRACT

Studies on insect spermatozoa have revealed that these cells exhibit remarkable

morphological diversity, providing crucial data for the systematics of these organisms.

Spermatozoa, with their distinct structures, are considered species-specific due to

traits that are less susceptible to environmental variations. Among the families found

in Auchenorrhyncha, Membracidae stands out, a family of insects known for the

peculiar and diverse morphology of their pronotum. Commonly known as treehoppers

(soldadinhos), they are phytophagous insects that feed on the phloem of various

plant species. They maintain a mutualistic relationship with hymenopterans of

different genera, offering a sugary substance (honeydew) in exchange for protection.

Regarding spermatic and morphological information concerning the male

reproductive system, there is a significant gap in knowledge about Membracidae

species. Furthermore, understanding the distribution and biodiversity of treehoppers

is fundamental for conservation and the popularization of science. Obtaining this type

of information on species within this family will contribute to the understanding of

reproductive biology, provide support for new comparative analyses with an

evolutionary focus, and expand the documentation of local diversity. Therefore, the

present study aims to fill the gap in knowledge regarding internal male reproductive

structures, investigating the: Morphology and histology of the male reproductive

system and spermatozoa in Membracidae species, and the diversity of treehoppers

in the Zona da Mata region of Minas Gerais, as well as their distribution throughout

Brazil. These data obtained from 15 species are fundamental for understanding

evolutionary patterns in spermatology and contribute to the dissemination of

taxonomic information, conservation, and ecology of treehoppers in the Zona da

Mata Mineira.

Keywords: treehoppers; citizen science; spermatology; diversity
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RESUMO

Estudos de espermatozoides de insetos revelaram que essas células exibem uma

notável diversidade morfológica, fornecendo dados cruciais para a sistemática

desses organismos. Os espermatozoides, com suas estruturas distintas, são

considerados específicos da espécie devido a características que são menos

susceptíveis a variações ambientais. Entre as famílias encontradas em

Auchenorrhyncha, destaca-se Membracidae, uma família de insetos conhecida pela

morfologia peculiar e diversa de seu pronoto. Comumente conhecidos como

soldadinhos, são insetos fitófagos que se alimentam do floema de diversas espécies

vegetais. Eles mantêm uma relação mutualística com himenópteros de diferentes

gêneros, oferecendo uma substância açucarada (honeydew) em troca de proteção.

Em relação às informações espermáticas e morfológicas concernentes ao sistema

reprodutor masculino, há uma lacuna significativa no conhecimento sobre as

espécies de Membracidae. Além disso, compreender a distribuição e a

biodiversidade dos soldadinhos é fundamental para a conservação e popularização

da ciência. A obtenção desse tipo de informação sobre espécies dentro desta família

contribuirá para a compreensão da biologia reprodutiva, fornecerá suporte para

novas análises comparativas com foco evolutivo e ampliará a documentação da

diversidade local. Portanto, o presente estudo visa preencher a lacuna de

conhecimento sobre as estruturas reprodutivas masculinas internas, investigando a:

Morfologia e histologia do sistema reprodutor masculino e dos espermatozoides em

espécies de Membracidae e a diversidade de soldadinhos na região da Zona da

Mata Mineira, bem como sua distribuição pelo Brasil. Esses dados obtidos de 15

espécies são fundamentais para a compreensão dos padrões evolutivos na

espermatologia e contribui para a disseminação de informações taxonômicas,

conservação e ecologia de soldadinhos da Zona da Mata Mineira.

Palavras-chave: soldadinhos ; ciência cidadã; biologia espermática; diversidade
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1. INTRODUCTION 

 

1.1. Biology, systematics and diversity of Membracidae 

 

Membracidae Rafinesque, 1815, is a family of Auchenorrhyncha Duméril, 1806, 

considered the second largest within Membracoidea (Dietrich et al., 2001). It includes 

more than 3,500 species, in about 435 genera, recently classified into nine subfamilies: 

Centronodinae Deitz, 1975, Centrotinae Amyot & Serville, 1843, Darninae Amyot & 

Serville, 1843, Endoiastinae Deitz & Dietrich, 1993, Heteronotinae Goding, 1926, 

Membracinae Rafinesque, 1815, Nicomiinae Haupt, 1929, Smiliinae Stål, 1866, 

Stegaspidinae Haupt, 1929 (Wallace, 2003; Deitz & Wallace, 2010; Hu et al., 2023; 

Dmitriev et al., 2026). For Brazil, 704 species distributed across 130 genera have been 

reported (Evangelista et al., 2026). 

Known as treehoppers, membracids are phytophagous insects that feed on the 

phloem of various plant species. They are found in plant structures exposed to full sun 

(sun-loving) and reproductive vegetative branches, such as young shoots, 

inflorescence peduncles, and infructescences, since these structures are rich in sugars 

(Funkhouser, 1950; Janzen, 1973). The relationship with plants can be generalist, 

where a species can be found on different plant species, or specialist, a specific 

relationship between a species of membracid and a plant species. This relationship 

extends to several botanical families in South America: Araliaceae, Asteraceae, 

Celastraceae, Fabaceae, Flacourtiaceae, Guttiferae, Leguminosae, Malpighiaceae, 

Malvaceae, Melastomataceae, Monimiaceae, Myrtaceae, Nyctaginaceae, Rubiaceae, 

Sapindaceae and Solanaceae (Lopes, 1995; Strümpel, 1972; Creão-Duarte et al., 

2012; Costa et al., 2025). 

Membracids are generally recognized by their highly developed pronotum in 

different genera, exhibiting a wide variety of morphological aspects and coloration 

(Wood 1993; Wallace 2008). The morphology of the pronotum can vary between 

species and may resemble different plant or animal structures, such as: branches, 

small dry twigs, leaves, thorns, feces, seeds, among others (Buckton & Poulton, 1903; 

Deitz & Wallace, 2010; Prud’homme et al., 2011; Adachi et al., 2020). Some authors 

refer to this structure as a hood or helmet, and believe it may be related to the insect's 

behavioral biology, associating it with different types of mechanisms, such as defense 
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of offspring, mimicry, aposematism, camouflage (related to the host plant species), and 

sensory functions (Buckton & Poulton, 1903; Funkhouser, 1951; Wood, 1975; 1977; 

1993). 

These insects can communicate through substrate vibration (Cocroft & 

Rodríguez, 2005) and are considered bioindicators for the conservation of forest 

environments (Brown, 1997). Brown (1997) considered membracids as environmental 

bioindicators due to their stable taxonomic classification and association with a 

diversity of plants, bees, and ants. Because they are organisms that have a close 

relationship with different plant species, this characteristic can make a given population 

of membracids vulnerable, since the population tends to decrease in environments 

where the plant community has undergone anthropogenic alterations (Brown, 1997; 

Gadelha, 2016). 

Treehopper species can exhibit solitary, gregarious, or subsocial behavior 

(Wood, 1993; Lin, 2006). They have maternal care, and females stay close to the egg 

masses to avoid attacks from predators and parasites. There is a mutualistic 

relationship between hymenopterans of different genera and membracids (Del-Claro & 

Oliveira, 2000). Because, when feeding on the phloem, some of the ingested 

carbohydrates are eliminated – honeydew, which functions as food for the different 

hymenopterans (Funkhouser, 1951; Lin 2006; Wallace 2008; Flórez et al., 2015). The 

insects that feed on this honeydew provide defense for both the adults and the offspring 

of the membracids, thus maintaining the mutualistic relationship. 

The monophyly of Membracidae is supported by both molecular data (Cryan et 

al. 2000, 2004; Hu et al., 2023) and morphological data based on the sharing of several 

synapomorphies: adults with forewings showing the M and Cu veins fused at the base; 

a well-defined lateral plate of the male pygophore and a pair of tubercles on the first 

abdominal tergite of the nymphs (Deitz & Dietrich, 1993). 

 

1.2. Male reproductive system 
 

Morphological data from the male reproductive system and spermatozoa have 

been used as a source of characters for taxonomic and phylogenetic analyses in 

numerous animal groups, including insects, thus assisting in questions of reproductive 

biology and systematics of various groups (Tsai & Perrier 1996; Jamieson et al., 1999; 
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Lino-Neto & Dolder, 2001; Dallai, 2014; Dallai et al., 2016). In insects in general, the 

reproductive system consists of a pair of testes, a pair of deferens ducts, a pair of 

seminal vesicles, one or more pairs of accessory glands, and an ejaculatory duct 

(Omura, 1936; Resh & Cardé, 2009; Chapman, 2013; Wu et al., 2017). However, 

variations in the size, position, shape, and number of these structures, as well as 

spermatogenesis characteristics and the number of spermatozoa per cyst, can occur 

among taxa (Chapman, 2013; Vitale et al. 2015; Zhang et al., 2016). 

Regarding Membracidae, studies on the morphology of the male reproductive 

system in the family are still quite scarce. The few that exist are concentrated in some 

families of Membracoidea, for example, Cicadellidae (Gil-Fernandez & Black, 1965; 

Bednarczyk, 1993; Tsai & Perrier, 1996; Hayashi & Kamimura, 2002; Vitale et al., 2015; 

Zhang et al., 2016), Aetalionidae (Araújo et al., 2020) and Membracidae (Silva et al., 

2026; Costa et al., 2026). 

 

1.3. Spermatology 

 

Spermatozoa are highly differentiated and quite diverse cells (Jamieson et al., 1999) 

that, in insects, can vary in both ultrastructural organization and size and shape, 

generally being long and thread-like (Phillips, 1970). In insects, these cells consist of 

an anterior region, in which it is possible to differentiate the acrosome and nucleus, 

and a flagellar region, containing the axoneme, two mitochondrial derivatives, and two 

accessory bodies. Between these two regions, it is possible, for most species, to 

observe a dense material called the centriole adjunct (Bowen, 1920; Gatenby & 

Tahmisian, 1959; Baccetti, 1972; Dallai et al., 2016). These cells have provided 

important data for phylogeny (Jamieson, 1987) due to their unusual diversity among 

different insect groups, as well as the fact that their morphology is not very susceptible 

to environmental variations, so that sperm cells have been considered species-specific 

(Phillips, 1974). 

 An example of morphological diversification of spermatozoa is sperm 

polymorphism, in which two or more different types of spermatozoa are found in the 

sperm content of the same male. This polymorphism may include differences in 

morphology, total length, length of some structures, and function (Swallow & Wilkinson, 

2002). In Hemiptera, the production of polymorphic spermatozoa that differ in head 
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and/or flagellum length has already been reported in Pentatomidae (Araújo et al., 

2011), Largidae (Araújo et al., 2012) and Cicadidae (Chawanji et al., 2005; 2006). 

 Membracoidea currently includes five extant families: Aetalionidae, 

Cicadellidae, Melizoderidae, Membracidae and Myerslopiidae (Deitz & Dietrich, 1993; 

Hamilton, 1999; Dietrich, 2005) and one fossil family, Archijassidae (Chen et al., 2020). 

In some species of Membracoidea (Cicadellidae + Membracidae), it has been 

observed that the spermatozoa exhibit a unique characteristic: the branching of the 

posterior end of the flagellum, known as flagellar filaments (Phillips, 1969; Vitale et al., 

2016; Barcellos et al., 2018). 

 In the suborder Auchenorrhyncha, studies on sperm morphology were carried 

out in the families Cicadellidae (Cruz-Landim & Kitajima, 1972; Zhang et al., 2012, 

2016; Su et al., 2014; Vitale et al., 2016; Barcellos et al., 2018), Aetalionidae (Araújo 

et al., 2010), Membracidae (Phillips, 1969; Silva et al., 2026; Costa et al., 2026), 

Cicadidae (Kubo-Irie et al., 2003; Chawanji et al., 2005, 2006 and 2007; Cui & Wei, 

2018), Cercopidae (Hodgson et al., 2016) and Ricaniidae (Jiang & Quin, 2018; Jiang 

et al., 2019). However, obtaining information on a larger number of species is 

fundamental to understanding reproductive biology, as well as providing support for 

new comparative analyses with an evolutionary focus. 

 

1.4. Zona da Mata 

 

Abrangendo 142 municípios em uma área de aproximadamente 35.800 km2, a Zona 

da Mata mineira é composta majoritariamente por cidades de pequeno porte 

distribuídas em sete microrregiões. Originalmente coberta pela Mata Atlântica, que 

servia como barreira ao contrabando de ouro, a região viu sua paisagem transformada 

pelo ciclo do café, que substituiu as florestas por grandes fazendas. Atualmente, a 

estrutura fundiária evoluiu para o predomínio de minifúndios e agricultura familiar, 

mantendo a herança histórica de suas divisões administrativas, como as de Juiz de 

Fora, Viçosa e Manhuaçu (Giovanini & Matos, 2004; Portugal et al., 2010; Lamas et 

al., 2003).  

 A inexistência de inventários sistemáticos sobre a fauna de soldadinhos nesta 

região representa uma lacuna crítica de conhecimento, impedindo a compreensão da 

real biodiversidade e dos padrões biogeográficos desses membracídeos em um 

ecossistema de alta relevância ecológica. 
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1.5. Objective 

 

To investigate the morphology of the reproductive system and the ultrastructure of 

spermatozoa across different families of Membracoidea. The aim is to provide 

morphological data that assist in understanding phylogenetic relationships both at the 

family level and for the superfamily as a whole. To investigate the taxonomic 

composition and ecological importance of the Membracidae fauna in the Zona da Mata 

region of Minas Gerais, aiming to document its biological diversity and understand the 

biotic interactions established within the local ecosystem. 
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Abstract 

Over the past decades, knowledge regarding the morphology of the male reproductive system 

in insects has expanded substantially. Despite this progress, certain taxa remain markedly 

underexplored, including the family Membracidae, which is highly diverse and of evolutionary 

significance. Sperm morphology and the structural organization of the male reproductive organs 

in insects constitute a set of taxonomically informative characters that support phylogenetic 

analyses, species delimitation, and evolutionary interpretations. Given that the Membracidae 

exhibit high species richness in the Viçosa, MG, Brazil region, we conducted a detailed 

comparative characterization of 14 species to address the current knowledge gap. Our analyses 

confirm that the male reproductive system in treehoppers has a variable number of follicles, 

consistent with that of other Membracoidea. Furthermore, we observed that Membracidae 

spermatozoa (1) are organized into spermatodesma in the seminal vesicles and (2) possess 

terminal flagellar filaments, traits also observed in Cicadellidae, suggesting these may be shared 

characteristics within the superfamily Membracoidea. 

 

Key-words: Treehoppers. Spermatodesma. Comparative anatomy. Auchenorrhyncha. 
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1. Introduction 

Membracidae Rafinesque, 1815, is the second-largest family within Membracoidea (Dietrich et 

al., 2001), comprising approximately 435 genera and over 3,500 species (Hu et al., 2023; 

Wallace, 2003; Deitz & Wallace, 2010; Dmitriev et al., 2026). In Brazil, the family comprises 

704 species across 130 genera (Evangelista et al., 2026). Popularly known as treehoppers, these 

phytophagous insects feed on the phloem of various plant species. They are typically found on 

structures exposed to direct sunlight or on nutrient-rich vegetative organs, such as young shoots, 

inflorescence peduncles, and infructescences (Funkhouser, 1950; Janzen, 1973). The family is 

generally recognized by a highly developed pronotum and remarkable diversity in morphology 

and coloration (Wood, 1993; Wallace, 2008). These variations often involve mimicry of plant 

and animal structures, including twigs, leaves, thorns, seeds, or even bird droppings (Buckton 

& Poulton, 1903; Deitz & Wallace, 2010; Prud’homme et al., 2011; Adachi et al., 2020). 

Despite their diversity, data on the male reproductive system in Membracidae remain scarce; 

however, recent studies on sperm ultrastructure (Phillips, 1969; Silva et al., 2026; Costa et al., 

2026) have begun to address this knowledge gap.  

 The morphology of the male reproductive system (MRS) and spermatozoa has provided 

a robust source of characters for taxonomic and phylogenetic analyses, addressing key questions 

in reproductive biology and systematics of several insect groups (Tsai & Perrier, 1996; 

Jamieson et al., 1999; Lino-Neto & Dolder, 2001; Dallai, 2014; Dallai et al., 2016). Typically, 

the insect MRS consists of a pair of testes, a pair of vas deferentia, seminal vesicles, one or 

more pairs of accessory glands, and an ejaculatory duct (Chapman, 2013; Ômura, 1936; Resh 

& Cardé, 2009; Wu et al., 2017). However, significant variations in the size, position, shape, 

and number of these organs occur across taxa, as do variations in the process of 

spermatogenesis, and the number of sperm produced per testicular cyst (Chapman, 2013; Vitale 

et al., 2015; Zhang et al., 2016). 

 Spermatozoa are highly specialized and diverse cells (Jamieson et al., 1999) that exhibit 

considerable variation in ultrastructural organization, size, and shape among insects (Phillips, 

1970; Cohen et al., 1977; Pitnick et al., 2009). Generally, these cells consist of an anterior 

region, containing the acrosome and nucleus, and a flagellar region that includes the axoneme 

(Dallai et al., 2016). Although these fundamental components are shared, morphology can be 

highly conserved in some groups and remarkably divergent in others (Phillips, 1970). 

Furthermore, because sperm morphology is typically species-specific and less susceptible to 
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environmental influence than external traits, it serves as a reliable tool for systematic studies 

(Phillips, 1974). 

 We provide herein a detailed comparative morphological description of the male 

reproductive systems and spermatozoa of 14 Membracidae species: Bolbonota melaena 

(Germar, 1835); Calloconophora furcata Dietrich, 1991; Ceresa paulistana Remes-Lenicov, 

1976; Cyphonia clavata (Fabricius, 1787); C. clavigera (Fabricius, 1803); Enchenopa albidorsa 

(Fairmaire, 1846); E. brasiliensis Strümpel & Strümpel, 2007; E. monoceros (Germar, 1821); 

Entylia carinata (Forster, 1771); Guayaquila xiphias (Fabricius, 1803); Hebetica koppi 

Sakakibara, 1976; Heteronotus reticulatus (Burmeister, 1833); Lycoderes gaffa Fairmaire, 

1846; and Membracis dorsata Fabricius, 1803. This study contributes to the understanding of 

membracid spermatology and provides a basis for broader comparative morphological analysis 

within Membracoidea. 

 

2. Materials and Methods 

 

2.1. Insect collection 

Adult males of Membracidae were collected from two sites at the Federal University of Viçosa 

(UFV), Minas Gerais, Brazil: Point A–Botanical Garden, (20°45'25" S, 42°52'22" W; 655 m 

a.s.l.) and point B–near the Division of Parks and Gardens of UFV (20°45'34" S, 42°51'44" W; 

677 m a.s.l.). The collection methods included light traps, hand nets, and active collection using 

Falcon-type tubes. The sampling period took place from January 2025 to December 2025. All 

collected material was sent to the Laboratory of Cellular Ultrastructure at UFV, under the 

ICMBio/SISBIO license 89341-3. 

 

2.2. Specimen imaging 

Specimens were preserved in 70% alcohol for sex determination. To document external 

morphology, one male of each species was placed on a Kline dish with 70% alcohol gel and 

photographed in dorsal and ventral views using a Leica M205C stereomicroscope equipped 

with a Leica MC170HD digital camera. 

 

2.3.Dissection and MRS illustrations 

Five male specimens were anesthetized with carbon dioxide (CO2; Messer, 99.9% 

concentration) and dissected in 0.1 M sodium phosphate buffer (Phosphate Buffered Saline—
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PBS, pH 7.2) using fine entomological forceps. The SRMs were fixed for 2–4 h in 2.5% 

glutaraldehyde solution prepared in the same buffer. Following fixation, the samples were 

rinsed in pure buffer and photographed using an Olympus CX31 microscope coupled with a 

Canon T7I digital camera. Schematic Illustrations of the SRMs were produced using Adobe 

Illustrator 2022. 

 

2.4. Sperm bundles and morphometry 

Seminal vesicles were isolated from adult males dissected in 0.1 M PBS (pH 7.2). The vesicles 

were punctured, and the contents were smeared onto histological slides in a drop of the same 

buffer. For nuclear measurements, slides were incubated in 0.2 g/mL 4’,6-diamino-2-

phenylindole (DAPI) for 30 min, rinsed in distilled water, and covered with coverslips using a 

50% aqueous sucrose solution. The samples were then examined using an Olympus BX60 

epifluorescence microscope, where 50 nuclei and 20 sperm bundles per species were 

photographed. To determine total spermatozoa length, the same slides were subsequently rinsed 

and stained with Giemsa (1:15 in Sörensen buffer; Shute, 1955) for 15 min. Thirty spermatozoa 

were photographed. All morphometric analyses of the nuclei and total spermatozoa length were 

conducted using ImageJ software (https://imagej.nih.gov/ij/) (Schnedier et al., 2012). For 

phase-contrast microscopy, slides containing sperm in a buffer drop were analyzed and 

photographed using an Olympus BX50 microscope with a Q-Color3 Olympus capture system 

and a phase 2 filter. 

 

2.5.Scanning electron microscopy 

The most abundant males in the region were those of the species Bolbonota melaena. Four 

males of Bolbonota melaena were dissected in phosphate buffer, and the testes and seminal 

vesicles were isolated and fixed in 2.5% glutaraldehyde for 2 h. Following fixation, the samples 

were dehydrated in an ascending ethanol series (30%, 50%, 70%, 90%, and three changes of 

100%, for 10 min each). To preserve ultrastructural integrity during drying, the material was 

subjected to chemical dehydration with hexamethyldisilazane (HMDS) mixed with ethanol at 

increasing ratios (1:2, 1:1, 2:1, and 2:0) for 30 min per step, followed by an overnight incubation 

in pure HMDS (Nation, 1983). The samples were then allowed to air-dry in a fume hood. 

Previously, the coverslips were placed in 100% alcohol. To ensure specimen adherence, round 

glass coverslips (13 mm) were cleaned in 96% ethanol and treated with a Poly-L-lysine solution 

(0.01% Sigma Life Science, diluted 1:10 in distilled water) for 30 min. The dried biological 
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material was carefully mounted onto these treated coverslips. Finally, the samples were sputter-

coated with approximately 20 nm of gold using a Balzer’s MED 010 device. The specimens 

were analyzed using a Zeiss LEO 1430 VP scanning electron microscope operating at 12 kV at 

the Núcleo de Microcopia e Microanálise (NMM) of the Universidade Federal de Viçosa, 

Viçosa, Minas Gerais, Brazil. 

 

2.6.Statistical analysis 

Morphometric data on spermatozoa from the seminal vesicles were analysed using 

nonparametric methods because the data did not follow a normal distribution, as indicated by 

the Shapiro–Wilk test. Comparisons between groups were performed using the Kruskal–Wallis 

test, followed by the Mann–Whitney U test for pairwise comparisons. Data are presented as 

mean ± standard deviation (SD) and coefficient of variation (CV). 

3. Results 

The male reproductive systems (MRS) of the fourteen examined treehopper species (Figs. 1A–

H, 2A–F, 8) consist of a pair of testes, each connected to a posterior vas deferens, which in turn 

gives rise to a seminal vesicle. Further posteriorly, accessory glands open into the system, 

merging at their base to form the ejaculatory duct (Figs. 3A–H, 4A–H, 5A–F). In all species, 

sperm bundles (spermatodesmata) were present within the seminal vesicles (Fig. 7A–J). 

Detailed morphological characteristics of the MRS for each species are provided below.  

Bolbonota melaena (Germar, 1835) (Fig. 1A) 

The MRS consists of a pair of testes, each containing five oval follicles (Fig. 3H), followed by 

short, slender vasa deferentia and a pair of pyriform seminal vesicles (Fig. 3G), The accessory 

glands are wider distally than proximally and connect to a short ejaculatory duct (Fig. 4A; Table 

1). Spermatozoa are filiform, measuring 152.16 µm (± 14.29) in total length with an 18.20 µm 

(± 1.14) nucleus, and possess a single terminal flagellar filament of roughly 50 µm (Fig. 6A; 

Table 3; Graph 1-3). 

Calloconophora furcata Dietrich, 1991 (Fig. 1B) 

The MRS consists of a pair of testes, each containing 13 rounded follicles, followed by very 

short, slender vasa deferentia and rod-shaped seminal vesicles. The accessory glands are long 

and slender, leading to a short ejaculatory duct (Fig. 4B; Table 1). Spermatozoa are threadlike, 
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measuring 103.69 μm (± 4.43) in total length with a 14.33 μm (± 0.70) nucleus, and possess a 

single terminal flagellar filament of roughly 5 μm (Fig. 6B; Table 3; Figure 1-3). 

Ceresa paulistana Remes-Lenicov, 1976 (Fig. 1C) 

The MRS consists of a pair of testes, each with nine rod-shaped follicles (Fig. 3A), long, slender 

vasa deferentia, and pyriform seminal vesicles. The accessory glands are long, connecting to a 

short ejaculatory duct (Fig. 4C; Table 1). Spermatozoa are filiform measuring 190.65 μm (± 

5.66) in total length with a 30.34 μm (± 3.86) nucleus, and bear four terminal flagellar filaments 

of roughly 15 μm (Fig. 6C; Table 3; Figure 1-3). 

Cyphonia clavata (Fabricius, 1787) (Fig. 1D) 

The MRS comprises a pair of testes, each containing six rounded follicles, followed by a long, 

slender vasa deferentia and pyriform seminal vesicles (Fig. 3B). The accessory glands increase 

in diameter toward their apical region, and the ejaculatory duct is short (Fig. 4D; Table 1). 

Spermatozoa are threadlike, measuring 157.70 μm (± 9.46) in total length with a 33.98 μm (± 

0.89) nucleus, and possess 3–4 terminal flagellar filaments of roughly 6 μm (Fig. 6D; Table 3; 

Figure 1-3). 

Cyphonia clavigera (Fabricius, 1803) (Fig. 1E) 

The MRS consists of a pair of testes, each containing seven rounded follicles, followed by long, 

thin vasa deferentia and pyriform seminal vesicles. The accessory glands are tapered proximally 

and widen distally, leading to a long ejaculatory duct (Fig. 4E; Table 1). Spermatozoa are 

filiform, measuring 154.77 µm (± 9.15) in total length with a 31.13 µm (± 2.41) nucleus, and 

possess 3–4 terminal flagellar filaments of roughly 5 µm (Fig. 6E; Table 3; Graph 1-3). 

Enchenopa albidorsa (Fairmaire, 1846) (Fig. 1F) 

The MRS consists of a pair of testes, each containing 13 oval-shaped follicles (Fig. 3C), short 

vasa deferentia, and pyriform seminal vesicles, The accessory glands are small and of uniform 

width throughout, connecting to a short ejaculatory duct (Fig. 4F; Table 1). Spermatozoa are 

filiform, measuring 178.27 µm (± 12.17) in total length with a 15.71 µm (± 0.84) nucleus, and 

bear 4–5 terminal flagellar filaments of roughly 1.5 µm (Fig. 6F; Table 3; Figure 1-3). 

Enchenopa brasiliensis Strümpel & Strümpel, 2007 (Fig. 1G) 

The MRS consists of a pair of testes, each with seven oval-shaped follicles, followed by long, 

thin, vasa deferentia and oval-shaped seminal vesicles. The accessory glands are long, resulting 
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in a short ejaculatory duct (Fig. 3F; 4G; Table 1). Spermatozoa are threadlike, measuring 187.28 

µm (± 18.28) in total length with a 25.91 µm (± 1.92) nucleus, and possess 4–5 terminal flagellar 

filaments of roughly 40 µm (Fig. 6G; Table 3; Figure 1-3).  

Enchenopa monoceros (Germar, 1821) (Fig. 1H) 

The MRS consists of a pair of testes, each containing 10 oval-shaped follicles, long, slender 

vasa deferentia, and oval-shaped seminal vesicles. The accessory glands are long and slender 

and connect to a short ejaculatory duct (Fig. 4H; Table 1). Spermatozoa are threadlike, 

measuring 209.79 μm (± 6.98) in total length with a 27.85 μm (± 0.96) nucleus, and possess a 

single terminal flagellar filament of roughly 60 μm (Fig. 6H; Table 3; Figure 1-3). 

Entylia carinata (Forster, 1771) (Fig. 2A) 

The MRS consists of a pair of testes, each with six rod-shaped follicles, long, slender vasa 

deferentia, and rod-shaped seminal vesicles. The accessory glands are long, leading to a short 

ejaculatory duct (Fig. 5A; Table 1). Spermatozoa are threadlike, 245 µm (± 22.39) in total length 

with a 35 µm (± 2.04) nucleus, and possess 3–4 terminal flagellar filaments of roughly 9.5 µm 

(Fig. 6I; Table 3; Figure 1-3). 

Guayaquila xiphias (Fabricius, 1803) (Fig. 2B) 

The MRS consists of a pair of testes, each with eight rounded follicles, long, slender vasa 

deferentia, and rod-shaped seminal vesicles. The thin accessory glands are long and thin and 

connect to a short ejaculatory duct (Fig. 3D; 5B; Table 1). Spermatozoa are threadlike, 

measuring 118.82 μm (± 4.77) in total length with a 25.91 μm (± 1.37) nucleus, and possess 1–

2 terminal flagellar filaments of roughly 4 μm (Fig. 6J; Table 3; Figure 1-3). 

Hebetica koppi Sakakibara, 1976 (Fig. 2C) 

The MRS consists of a pair of testes, each with seven oval-shaped follicles spaced apart by the 

length of the vasa efferentia, followed by long, slender vasa deferentia and rod-shaped seminal 

vesicles. The accessory glands are long, leading to a short ejaculatory duct (Fig. 5E; Table 1). 

Spermatozoa are threadlike, 350.49 μm (± 16.31) in total length with a 66.34 μm (± 4.17) 

nucleus, and possess four terminal flagellar filaments of roughly 30 μm (Fig. 6K; Table 3; 

Figure 1-3). 

Heteronotus reticulatus (Burmeister, 1833) (Fig. 2D) 
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The MRS consists of a pair of testes, each with eight rounded follicles, short, slender vasa 

deferentia, and oval-shaped seminal vesicles. The accessory glands are long, connecting a short 

ejaculatory duct (Fig. 5C; Table 1). The spermatozoa are filiform, measuring 207.90 µm (± 

6.76) in total length with a 40.71 µm (± 0.67) nucleus, and possess two flagellar terminal 

filaments of roughly 10 µm (Fig. 6L; Table 3; Graph 1-3). 

Lycoderes gaffa Fairmaire, 1846 (Fig. 2E) 

The MRS consists of a pair of testes, each with six rounded follicles, long, slender vas 

deferentia, and rod-shaped seminal vesicles. The accessory glands are long and thin, leading to 

a short ejaculatory duct (Fig. 5D; Table 1). Spermatozoa are threadlike, measuring 165.58 μm 

(± 13.33) in total length with a 20.30 μm (± 1.61) nucleus, and possess 5–6 terminal flagellar 

filaments of roughly 8 μm (Fig. 6M; Table 3; Figure 1-3). 

Membracis dorsata Fabricius, 1803 (Fig. 2F) 

The MRS consists of a pair of testes, each with 13 rounded follicles, short, slender vasa 

deferentia, and rod-shaped seminal vesicles. The accessory glands are long and turgid, 

connecting to a short ejaculatory duct (Fig. 3E; 5F; Table 1). Spermatozoa are threadlike, 

measuring 206.11 μm (± 12.83) in total length with a 20.63 μm (± 1.64) nucleus, and possess 

four terminal flagellar filaments of roughly 40 μm (Fig. 6N; Table 3; Figure 1-3). 
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Figure 1. Species of Membracidae. A. Bolbonota melaena. B. Calloconophora furcata. C. 

Ceresa paulistana. D. Cyphonia clavata. E. Cyphonia clavigera. F. Enchenopa albidorsa. G. 

Enchenopa brasiliensis. H. Enchenopa monoceros. Scale bars: 1 mm. 

 

Figure 2. Species of Membracidae. A. Entylia carinata. B. Guayaquila xiphias. C. Hebetica 

koppi. D. Heteronotus reticulatus. E. Lycoderes gaffa. F. Membracis dorsata. Scale bars: 1 

mm. 
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Figure 3. Anatomy of the male reproductive system of Membracidae. Light microscopy: A. 

Ceresa paulistana. B. Cyphonia clavata. C. Enchenopa albidorsa. D. Guayaquila xiphias. E. 

Membracis tectigera. F. Enchenopa brasiliensis. Scanning electron microscopy: G, H. 
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Bolbonota melaena. Abbreviations: Testicular follicles (f); seminal vesicles (sv); vas deferens 

(dd), and accessory glands (ag). 

 

Figure 4. Schematic illustrations of the male reproductive systems in Membracidae. A. 

Bolbonota melaena. B. Calloconophora furcata. C. Ceresa paulistana. D. Cyphonia clavata. 

E. Cyphonia clavigera. F. Enchenopa albidorsa. G. Enchenopa brasiliensis. H. Enchenopa 
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monoceros. Abbreviations: Testicles (t); seminal vesicles (sv); deferens ducts (dd), accessory 

glands (ag) and ejaculatory duct (ed). 

 

Figure 5. Schematic illustrations of male reproductive systems in Membracidae. A. Entylia 

carinata. B. Guayaquila xiphias. C. Heteronotus reticulatus. D. Lycoderes gaffa. E. Hebetica 

koppi. F. Membracis dorsata. Abbreviations: Testicles (t); seminal vesicles (sv); deferens 

ducts (dd), accessory glands (ag) and ejaculatory duct (ed). 
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Figure 6. Spermatozoa of Membracidae species; asterisks (*) indicate the nuclei stained with 

DAPI. A. Bolbonota melaena. B. Calloconophora furcata. C. Ceresa paulistana. D. Cyphonia 

clavata. E. Cyphonia clavigera. F. Enchenopa albidorsa. G. Enchenopa brasiliensis. H. 

Enchenopa monoceros. I. Entylia carinata. J. Guayaquila xiphias. K. Hebetica koppi. L. 

Heteronotus reticulatus. M. Lycoderes gaffa. N. Membracis dorsata. Scale bars: 20 mm.  



53 

 

53 

 

 

Figure 7. Spermatodesmata of various Membracidae species. A. Heteronotus reticulatus 

bundle stained with DAPI. B. Detail of a single H. reticulatus bundle stained with DAPI. C. 

Guayaquila xiphias bundle under phase contrast. D. Ceresa paulistana bundle stained with 

DAPI. E. Cyphonia clavata bundle stained with DAPI. F. Cyphonia clavigera bundle stained 
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with DAPI. G. Enchenopa gracilis bundle under conventional light microscopy. H. E. 

albidorsa bundle stained with DAPI. I. Calloconophora furcata bundle stained with DAPI. J. 

Membracis tectigera bundle under conventional light microscopy. Abbreviations: Nuclei (n), 

sperm bundle (sb), flagellum (fl). Scale bars: A, G–J = 20 m. B–F = 40 m. 

 

Species 
Follicles 

per testis 

Paired 

seminal  

vesicles  

Paired 

acessory  

glands  

Sperm  

bundle 

Flagellar 

filaments 

Bolbonota melaena 5 1 1 Present 1 
Calloconophora furcata 13 1 1 Present 1 
Ceresa paulistana 9 1 1 Present 4 
Cyphonia clavata 6 1 1 Present 3 ̶ 4 
Cyphonia clavigera 7 1 1 Present 3 ̶ 4 
Enchenopa albidorsa 13 1 1 Present 4 ̶ 5 
Enchenopa brasiliensis 7 1 1 Present 4 ̶ 5 
Enchenopa monocerus 10 1 1 Present 1 
Entylia carinata 6 1 1 Present 3 ̶ 4 
Guayaquila xiphias 8 1 1 Present 1 ̶ 2 
Hebetica koppi 7 1 1 Present 4 
Heteronotus reticulatus 8 1 1 Present 2 
Lycoderes gaffa 6 1 1 Present 5 ̶ 6 
Membracis tectigera 13 1 1 Present 4 

 

Table 1. Comparative morphology of the male reproductive organs, occurrence of 

spermatodesmata, and number of terminal flagellar filaments among Membracidae species. 
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Figure 8: Numbers of testicular follicles mapped onto a phylogenetic reconstruction of 

Membracoidea (modified from Dietrich et al., 2021; Hu et al., 2023). Values in parentheses 

indicate the number of follicles for species with previously published data and the species 

examined in the present study. 
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 Family Species 
Fol. 

number 
References 

 

M
em

br
ac

id
ae

 

Enchenopa squamigera 8 Silva et al., 2026.  
Calloconophora argentipennis 14 Silva et al., 2026.  
Horiola picta 12-14 Costa et al., 2026. 
Gargara genistae 6-8 Ivanov, 1926. 
Gargara genistae 6 Tian et al., 2006.  
Otinotus elongatus 4 Ammar, 1985. 
Tolania opponens 8 Kuznetsova & Kirillova, 1993. 

Aetalionidae Aethalion reticulatum 9 Kuznetsova & Kirillova 1993. 

Cicadellidae 

Agalia constricta 6 Gil-Fernandez & Black 1965; Bednarcyzk, 1993. 

Anoscopus flavostriatus 6 Bednarczyk, 1993. 
Aphrodes bicincta 7 Ivanov, 1926. 
Aphrodes bicincta 7 Bednarczyk, 1993. 
Stroggylocephalus agrestis 14 Bednarczyk, 1993. 
Bothrogonia ferruginea 11-13 Hayashi & Kamimura, 2002. 
Cofana spectra 3 Mishra, 1979; Bednarczyk, 1993. 
Cofana unimaculata 5 Mishra, 1979; Bednarczyk 1993. 
Artianus interstitialis 12 Ivanov, 1926. 
Artianus interstitialis 12 Bednarczk, 1993. 
Laburrus impictifrons 12 Ivanov, 1926. 
Laburrus impictifrons 8-9 Bednarczyk, 1993. 
Cicadula quadripunctata 8 Ivanov, 1926. 
Cicadula quadripunctata 8 Bednarczyk, 1993. 
Mocydia crocea 6 Bednarczyk, 1993. 
Doratura homophyla 6 Bednarczyk,1993. 
Doratura stylata 6 Bednarczyk, 1993. 
Exitianus indicus 6 Chen et al., 2023. 
Nephotettix cincticeps 6 Chen et al., 2023. 
Deltocephalus pulicaris 6 Bednarcyzk, 1993. 
Deltocephalus vulgaris 5 Chen et al., 2023. 
Macrosteles cristatus 5 Bednarczyk, 1993. 
Macrosteles sexnotatus 6 Becker, 1979. 
Sagatus punctifrons 6 Bednarcyzk, 1993. 
Psammotettix alienus 6 Chen et al., 2023. 
Amritodus atkinsoni 6 Mishra,1979; Bednarcyzk, 1993. 
Idiocerus lituratus 6 Ivanov, 1926. 
Metidiocerus rutilans 6 Bednarcyzk, 1993. 
Populicerus populi 6 Bednarcyzk, 1993. 
Macropsis impura 6 Bednarcyzk, 1993. 
Oncopsis flavicollis 6 Ivanov, 1926. 
Oncopsis flavicollis 3 Bednarcyzk, 1993. 
Evacanthus interruptus 6 Bednarcyzk, 1993. 
Agalia brachyptera 6 Bednarcyzk, 1993. 
Anaceratagallia ribauti 6 Bednarcyzk, 1993. 
Alebra albostriella 5 Bednarcyzk, 1993. 
Forcipata citrinella 3 Bednarcyzk, 1993. 
Notus flavipennis 3 Bednarcyzk, 1993. 
Empoasca fabae 4 Helms, 1968; Bednaryzk, 1993. 
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Table 2. Number of testicular follicles in representatives of different families of Membracoidea.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Hebata vitis 4 Bednarcyzk, 1993. 
Kyboos smaragdula 4 Bednarcyzk, 1993. 
Alnetoidia alneti 3 Bednarcyzk, 1993. 
Zygina flammigera 4 Ivanov, 1926; Bednarcyzk, 1993. 
Zyginidia viaduensis 2 Bednarcyzk, 1993. 
Edwardsiana flavescens 4 Ivanov, 1926. 
Edwardsiana lethierryi 3 Bednarcyzk, 1993. 
Eupteryx urticae 3 Ivanov, 1926. 
Fagocyba cruenta 3 Bednarcyzk, 1993. 
Utecha trivia 4 Ivanov, 1926; Bednarcyzk, 1993. 
Cicadella specta 3 Ammar, 1985. 
Balclutha brevis 6 Vitale et al., 2015. 
Dalbulus maidis 6 Tsai & Perrier 1996. 
Graminella nigrifrons 6 Tsai & Perrier 1996. 
Kolla paulula 5 Zhang et al. 2016. 
Cicadella viridis 6 Zhang et al. 2016; Ivanov, 1926; Tian 

et al., 2006. 
Myerslopiidae Mapuchea chilensis 4-5-6 Golub et al., 2014. 
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Species 

Sperm total lenght (m) Nuclei (m) 
Terminal 

filaments (m) 

Mean 

Standard 

Deviation 

(SD) 

Coefficient 

of 

Variation 

(CV %) 

Mean 

Standard 

Deviation 

(SD) 

Coefficient 

of 

Variation 

(CV %) 

Mean 

Coefficient 

of 

Variation 

(CV %) 

Hebetica koppi 350.49 16.31 21.48 66.34 4.17 15.89 30.82 10.93 

Entylia carinata 245.00 22.39 10.94 35.00 2.04 17.17 9.74 7.48 

Enchenopa monoceros 209.79 6.98 30.06 27.85 0.96 29.05 61.34 18.59 

Heteronotus reticulatus 207.90 6.76 30.76 40.71 0.67 60.46 10.79 4.13 

Membracis dorsata 206.11 12.83 16.06 20.63 1.64 12.61 42.63 3.72 

Ceresa paulistana 190.65 5.66 33.67 30.34 3.86 7.85 15.81 7.42 

Enchenopa brasiliensis 187.28 18.28 10.24 25.91 1.92 13.49 40.80 10.01 

Enchenopa albidorsa 178.27 12.17 14.65 15.71 0.84 18.68 1.68 3.09 

Lycoderes gaffa 165.58 13.33 12.43 20.30 1.61 12.61 8.83 4.87 

Cyphonia clavata 157.70 9.46 16.67 33.98 0.89 38.29 5.58 5.98 

Cyphonia clavigera 154.77 9.15 16.92 31.13 2.41 12.92 5.34 5.71 

Bolbonota melaena 152.16 14.29 10.65 18.20 1.14 16.03 49.39 16.11 

Guayaquila xiphias 118.82 4.77 24.90 25.91 1.37 18.89 4.23 3.51 

Calloconophora furcata 103.69 4.43 23.39 14.33 0.70 20.57 4.57 3.32 

 

Table 3. Morphometric data of spermatozoa, nuclei and terminal filaments from Membracidae 

species. 
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Graph 04: Relationship between the number of testicular follicles and sperm size. Legend: Red 

point – Sperm size and blue point – Number of testicular follicles. 

 

4. Discussions 

4.1. Morphological Conservation and Follicular Variation 

A comparative analysis of the 14 species investigated in the study, alongside other 

Membracoidea, reveals a conserved pattern in male reproductive morphology. Common 

features across the superfamily include a pair of testes, a pair of seminal vesicles, a pair of 

accessory glands, and a common ejaculatory duct (Gil-Fernandez & Black, 1965; Ammar, 

1985; Kuznetsova & Kirillova, 1993; Tsai & Perrier, 1996; Hayashi & Kamimura, 2002; Vitale 

et al., 2015; Zhang et al., 2016; Kuznetsova & Olub, 2024; Silva et al., 2026; Costa el al., 2026). 

However, the number of follicles per testis varies from 5 to 13, with 7 being the most frequent 

count.  

 In Hemiptera, the number of follicles typically varies from 4 to 10 per testis; however, 

this count is generally constant and symmetrical within an individual male (Kuznetsova et al., 

2019, 2024). Follicle number is species-specific and trait-stable (Kuznetsova et al., 2024). 

Kuznetsova et al. (2024) estimated the ancestral number for the order at six, which may vary 
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within individual families through polymerization (increase) or oligomerization (reduction) 

(Vélez et al., 2020; Kuznetsova et al., 2024). 

 

4.2. Evolutionary States: Oligomerization and Polymerization 

Oligomerization (fewer than 7 follicles) and follicle fusion occur independently across various 

families.  While some authors suggest these reductions can represent plesiomorphic states in 

certain contexts (Akingbohungbe, 1983; Wheeler, 2001), such traits are often diagnostic for 

assessing the relative evolutionary divergence of genera or species. A state of oligomerization 

is traditionally defined as fewer than seven follicles, as seven is widely considered the ground 

plan for insect testes, corresponding to the number of pre-genital segments (Sharov, 1966). This 

fusion of follicles appears to be an evolutionary specialization, possibly facilitating the 

accommodation of fewer but larger spermatozoa. 

 Our findings support the hypothesis that the number of follicles per testis varies within 

genera in Membracidae. Although follicle number tends to remain constant at specific 

taxonomic levels, we observed intra-individual variation, where some males exhibited different 

follicle counts between the left and right testes (Kuznetsova et al., 2010; Nadachowska et al., 

2016). Consequently, despite these variations, we utilized the predominant number for each 

species in our analysis, as this trait often carries phylogenetic significance (Emelyanov & 

Kuznetsova, 1983; D'Urso et al., 2005; Kuznetsova et al., 2009, 2010). Among the species 

studied, Membracis dorsata, Enchenopa albidorsa and Calloconophora furcata exhibited the 

highest count (13 follicles per testis), while Bolbonota melaena presented only five. At the 

subfamily level, a clear modal number could not be established due to significant interspecific 

variation.  

 The subfamily Membracinae showed the widest range, from five follicles in Bolbonota 

melaena to 14 in Calloconophora argentipennis (Silva et al., 2026). Previous reports for 

Membracidae also document a range of 4 to 14 follicles (Ivanov, 1926; Emelyanov & 

Kuznetsova, 1983; Ammar, 1985; Kuznetsova & Kirillova, 1993; Tian et al., 2006; Silva et al., 

2026; Kuznetsova & Olub, 2024; Costa et al., 2026). While the state of seven follicles appears 

to be preserved in Membracidae, selective pressures may have driven polymerization (increase 

in number) in certain lineages. Future studies investigating social behavior (gregarious vs. 

solitary) may clarify whether population density influences follicle count in treehopper species 

 Variation in the number of testicular follicles is also observed among other families of 

Membracoidea. In Cicadellidae, counts range from 3 to 14 follicles per testis (Gil-Fernandes & 



64 

 

64 

 

Black, 1965; Ammar, 1985; Bednarczyk, 1993; Tsai & Perrier, 1996; Vitale et al., 2015; Zhang 

et al., 2016; Kuznetsova & Olub, 2024), while Aethalionidae exhibits 9 follicles (Kuznetsova 

& Kirillova, 1993; Araújo et al., 2020; Kuznetsova & Olub, 2024). Regarding the latter family, 

Araújo et al. (2020) derived their data from histological sections, whereas Kuznetsova & 

Kirillova (1993) utilized gross anatomical dissections; based on these combined methodologies, 

a count of 9 follicles is currently accepted for Aethalionidae. For Myerslopiidae, 4 to 6 follicles 

per testis have been recorded (Golub et al., 2014). A significant knowledge gap remains 

regarding the male reproductive morphology of Melizoderidae, for which no data are available. 

According to the recent review by Kuznetsova and Olub (2024), the presence of six follicles 

represents the ancestral state for Membracoidea, while seven follicles per testis is considered 

the ancestral condition for Membracidae. 

 Accessory glands are secondary structures that enhance reproductive success via their 

secretions. These secretions perform diverse functions, including stimulating gonad 

development, promoting sperm maturation, providing nutrients to gametes, contributing to 

oocyte development, and modulating female behavior or physiology post-copulation (Leopold, 

1976). In certain taxa, viscous secretions solidify to form copulatory plugs (Bishop, 1920; 

Bairati & Perotti, 1970) or complex spermatophores (Tuzet, 1977), serving as vital competitive 

strategies. In all species examined in this study, only a single pair of accessory glands was 

observed, a pattern consistent with other Membracidae, such as Enchenopa 

squamigera, Calloconophora argentipennis Dietrich, 1991 (Silva et al., 2026), and Horiola 

picta (Costa et al., 2026). This arrangement is also found in Cicadellidae (e.g., Cicadella 

viridis, Balclutha brevis, Dalbulus maidis, and Graminella nigrifrons) and Aethalionidae 

(e.g., Aethalion reticulatum; Araújo et al., 2020). Currently, no data are available for the 

families Melizoderidae and Myerslopiidae. 

 The seminal vesicles in the studied species follow the general pattern observed in 

Membracidae. We identified a single pair of seminal vesicles in all specimens, corroborating 

previous findings for the family (Silva et al., 2026; Costa et al., 2026). Although this structure 

is conserved in number, morphological variation exists among species, particularly in vesicle 

shape. Within these organs, sperm were organized into bundles known as spermatodesmata, as 

seen in other membracids (Silva et al., 2026; Costa et al., 2026). Spermatodesmata (singular: 

spermatodesm) are formed from a single spermatogonium within the cysts of each testicular 

follicle through successive mitotic and meiotic divisions (Quicke, 1997; Pitnick et al., 2009; 

Higginson & Pitnick, 2011). While the final sperm count per bundle typically reflects the 
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number of successful cell divisions, variations can occur due to germ cell apoptosis. This 

programmed cell death is a well-established physiological process in mammals and is 

considered integral to normal spermatogenesis in insects as well (Roosen-Runge, 1977). 

 When aggregated within the seminal vesicles, sperm bundles typically follow one of 

two pathways: (1) the spermatodesmata disintegrate shortly before copulation, transferring 

individual sperm to the female, or (2) they are transferred as organized bundles and 

subsequently separate within the female reproductive tract, as observed in some Hymenoptera 

(Quicke et al., 1992; Newman & Quicke, 1999; Schiff et al., 2001; Lino-Neto et al., 2008). This 

form of sperm conjugation may confer functional advantages, such as increasing sperm transfer 

efficiency (Lupetti et al., 2011). Furthermore, the synchronized movement of sperm flagella 

can enhance motility, potentially providing a competitive advantage in sperm competition 

(Burnett & Heinze, 2014). The presence of sperm bundles in Membracoidea has been widely 

reported (Araújo et al., 2010; Zhang & Dai, 2012; Su et al., 2014; Zhang et al., 2016; Barcellos 

et al., 2018; Vitale et al., 2016; Silva et al., 2026; Costa et al., 2026), and our results expand the 

known distribution of this trait across different subfamilies of Membracidae. In other 

superfamilies, such as Cercopoidea, similar bundles have been documented (Hodgson et al., 

2016; Sodré et al., 2024), whereas they have not yet been observed in Cicadoidea (Chawanji et 

al., 2005, 2006, 2007). Once individualized, Membracidae sperm exhibit the filiform and 

slender morphology typical of most insects (Jamieson et al., 1999; Dallai, 2014). 

 Using conventional staining methods, the acrosome could not be measured due to its 

reduced length, a condition previously noted in other Membracidae (Silva et al., 2022; Costa et 

al., 2025). Prior to this study, the longest sperm recorded for Membracidae belonged 

to Exitianus nanus Distant, 1908, measuring 270 µm (Su et al., 2014). However, our data reveal 

that Hebetica koppi possesses the longest sperm described for the family to date, at 350 µm, 

while Calloconophora furcata exhibits the smallest, at approximately 100 µm. The nuclei of 

the studied species ranged from 18 to 40 µm, representing a significant component of total 

sperm length. Notably, H. koppi (Darnini) stands out with a nucleus measuring approximately 

65 µm. Sperm morphological traits are increasingly recognized as valuable characters for 

species delimitation, particularly in distinguishing cryptic species, identifying highly dimorphic 

taxa, and associating males with females. Consequently, these morphometric data serve as 

relevant tools within modern integrative taxonomy (Phillips, 1970; Pereira et al., 2008; 

Barcellos et al., 2015; Cursino & Duarte, 2016; Baffa et al., 2017; Rezende et al., 2021). 
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 Beyond the general morphological pattern of the sperm, membracids exhibit a striking 

specialized feature: flagellar filaments, branches at the posterior region of the flagellum. The 

number and length of these filaments vary subtly among the species analyzed, suggesting 

potential taxonomic value and utility in species delimitation (Afzelius, 1959; Omoto & Brokaw, 

1982). Although these structures show interspecific variation, their biological function remains 

largely unknown (Afzelius, 1955, 1959; Omoto & Brokaw, 1982). Several hypotheses have 

been proposed regarding their role, including significant effects on the curvature of the flagellar 

tip (Brokaw, 1965), influence on the moment equilibrium near the tip (Rikmenspoel, 1978), and 

a potential role in modulating the bending moments executed by the flagellum during motility 

(Hiramoto & Baba, 1978). 

 Among the species analyzed, Enchenopa brasiliensis, E. monocerus, and Bolbonota 

melaena presented the longest flagellar filaments. These structures have been previously 

described in other treehoppers (Silva et al., 2022; Costa et al., 2025) and leafhoppers (Vitale et 

al., 2016; Barcellos et al., 2018). However, they have not been observed in representatives of 

Aethalionidae (Araújo et al., 2010), nor in Melizoderidae or Myerslopiidae, the latter two of 

which still lack sperm morphology data. Similar filaments have also been reported across 

diverse animal taxa (Lowman, 1953; Gray, 1955; Afzelius, 1959; Daniels et al., 1971; Omoto 

& Brokaw, 1982). 

 In conclusion, our results on sperm morphology and male reproductive anatomy in 

Membracidae demonstrate that comparative and morphometric analyses are valuable taxonomic 

tools for species identification. Together, these characteristics provide reliable data that 

reinforce the utility of spermatology as a robust component of integrative taxonomy within this 

group. 

 

Acknowledgments 

We want to thank to CAPES - Coordenação de Aperfeiçoamento de Pessoal de Nível Superior 

and CNPq - Conselho Nacional de Desenvolvimento Científico e Tecnológico that funded this 

work. 

 

Conflict of interest statement 

The authors declare that they have no known competing financial interests or personal 

relationships that could have appeared to influence the work reported in this paper. 



67 

 

67 

 

 

Data Availability Statement 

This published article includes all the data generated or analyzed during this study. 

 

5. References 

Adachi, H., Matsuda, K., Nishida, K., Hanson, P., Kondo, S., Gotoh, H., 2020. Structure and 

development of the complex helmet of treehoppers (Insecta: Hemiptera: Membracidae). 

Zoological letters, 6, 1–9. https://doi.org/10.1186/s40851-020-00155-7 

Afzelius, B., 1955. The fine structure of the sea urchin spermatozoa as revealed by the electron 

microscope. Zeitschrift für Zellforschung und Mikroskopische Anatomie, 42, 134–148. 

https://doi.org/10.1007/BF00335087 

Afzelius, B., 1959. Electron microscopy of the sperm tail results obtained with a new fixative. 

The Journal of Cell Biology, 5(2), 269–278. https://doi.org/10.1083/jcb.5.2.269 

Akingbohungbe, A.E., 1983. Variation in testis follicle number in the Miridae (Hemiptera, 

Heteroptera) and its relationship to the higher classification of the family. Annals of the 

Entomological Society of America, 76, 37–43. 

Ammar, E.D., 1985. Internal morphology and ultrastructure of leafhoppers and planthoppers. 

In: Nault L.R., Rodriguez J.G. (Eds), The leafhoppers and planthoppers, Wiley-

Interscience Publications, USA, 127–162. 

Araújo, V.A., Bacca, T., Gomes-Dias, L., 2020. Estructura histológica del sistema reproductor 

masculino de la cigarrita Aethalium reticulatum (Hemiptera: Aethalionidae). Boletín 

Científico. Centro de Museos. Museo de Historia Natural, 24(2), 127–137. 

https://doi.org/10.17151/bccm.2020.24.2.9 

Araújo, V.A., Báo, S.N. & Lino‐Neto, J., 2012. Polymorphism of spermatozoa in Largus 

rufipennis Laporte 1832 (Heteroptera: Pyrrhocoroidea: Largidae). Acta Zoologica, 

93(2), 239–244. https://doi.org/10.1111/j.1463-6395.2011.00559.x 

Araújo, V.A., Lino-Neto, J., de Sousa Ramalho, F., Zanuncio, J.C., Serrão, J.E., 2011. 

Ultrastructure and heteromorphism of spermatozoa in five species of bugs 

https://doi.org/10.1186/s40851-020-00155-7
https://doi.org/10.1007/BF00335087
https://doi.org/10.1083/jcb.5.2.269
https://doi.org/10.17151/bccm.2020.24.2.9
https://doi.org/10.1111/j.1463-6395.2011.00559.x


68 

 

68 

 

(Pentatomidae: Heteroptera). Micron, 42, 560–567. 

https://doi.org/10.1016/j.micron.2011.02.001 

Baffa, A.F., Camara, D.C.P., Santos‐Mallet, J.R., Da Silva, E.R., Costa, J., Freitas, S. P.C., 

2017. Sperm dimorphism in the Triatoma brasiliensis species complex and its 

applications. Medical and Veterinary Entomology, 31, 192–199. 

https://doi.org/10.1111/mve.12226 

Bairati, A.U.R.E.L.I.O., Perotti, M.E., 1970. Some comparative considerations on the 

ultrastructure of Drosophila melanogaster spermatozoon. In Comparative 

spermatology. Accademia Nazionale Dei Lincei Rome (Italy), 333–346. 

Barcellos, M.S., Dias, G. & Lino-Neto, J. (2018) Re-description of the sperm morphology of 

Dalbulus maidis (Hemiptera: Cicadellidae: Deltocephalinae). Tissue and Cell, 51, 56–

61. https://doi.org/10.1016/j.tice.2018.03.001 

Barcellos, M.S., Martins, L.C., Cossolin, J.F., Serrão, J.E., Delabie, J.H. & Lino-Neto, J. (2015). 

Testes and Spermatozoa as Characters for Distinguishing Two Ant Species of the Genus 

Neoponera (Hymenoptera: Formicidae). Florida Entomologist, 98, 1254–1256. 

https://doi.org/10.1653/024.098.0441 

Becker, M., 1979. The nymphal stages and internal reproductive organs of Macrosteles 

sexnotatus (Fall.) (Hem. Cicadellidae). The Entomologist's Monthly Magazine, 115: 11–

16. 

Bednarczyk, J., 1993. The structure of male reproductive system in species of the family 

Cicadellidae (Homoptera, Auchenorrhyncha). Acta Musei Silesiae, Scientiae Naturales, 

22, 126–143. 

Bishop, G.H., 1920. Fertilization in the honey-bee: The male sexual organs: Their historical 

structure and physiological functioning. Journal of Experimental Zoology, 31, 2, 225–

257. 

Brokaw, C.J., 1965. Non-sinusoidal bending waves of sperm flagella. Journal of Experimental 

Biology, 43(1), 155–169. 

Buckton, G.B., Poulton, S.E.B., 1903. A Monograph of the Membracidae: To which is Added 

a Paper Entitled: Suggestions as to the Meaning of the Shapes and Colours of the 

Membracidae in the Struggle for Existence. 

https://doi.org/10.1016/j.micron.2011.02.001
https://doi.org/10.1111/mve.12226
https://doi.org/10.1016/j.tice.2018.03.001
https://doi.org/10.1653/024.098.0441


69 

 

69 

 

Burnett, W.E., Heinze, J., 2014. Sperm bundles in the seminal vesicles of sexually mature 

Lasius ant males. PLoS One, 9(3), e93383. 

https://doi.org/10.1371/journal.pone.0093383 

Chapman, R.F., 2013. The Insects: Structure and Function. 5th edition. Cambridge University 

Press, Cambridge, p. 929. 

Chawanji, A.S., Hodgson, A.N., Villet, M.H., 2007. Spermiogenesis in three species of cicadas 

(Hemiptera: Cicadidae). Acta Zoologica (Stockholm), 88, 337–348. 

https://doi.org/10.1111/j.1463-6395.2007.00285.x 

Chawanji, A.S., Hodgson, A.N., Villet, M.H., 2005. Sperm morphology in four species of 

African platypleurine cicadas (Hemiptera: Cicadomorpha: Cicadidae). Tissue and Cell, 

37 (4), 257–267. https://doi.org/10.1016/j.tice.2005.03.006 

Chen, J., Zhang, J., Liu, W., Shah, B., Dietrich, C.H., Duan, Y., 2023. Morphological and 

ultrastructural studies of the internal reproductive systems of two deltocephaline 

leafhoppers, Nephotettix cincticeps and Deltocephalus vulgaris (Hemiptera, 

Cicadellidae, Deltocephalinae). ZooKeys, 1182: 339–359. 

Chawanji, A.S., Hodgson, A.N., Villet, M.H., 2006. Sperm morphology in five species of 

cicadettine cicadas (Hemiptera: Cicadomorpha: Cicadidae). Tissue and Cell, 38 (6), 

373–388. https://doi.org/10.1016/j.tice.2006.08.006 

Cohen, M.S., Colin, M.J., Golimbu, M., Hotchkiss, R.S., 1977. The effects of prostaglandins 

on sperm motility. Fertility and Sterility, 28(1), 78–85. https://doi.org/10.1016/S0015-

0282(16)42321-6 

Costa, D.A., Paulo, M.S., Nascimento, F.W.S., Teixeira, A.C.P., Rezende, P.H., Dias, G., Lino-

Neto, J., 2026. Morphology of the male reproductive system and spermatozoa of 

Horiola picta (Coquebert, 1801) (Hemiptera: Membracidae). Tissue and Cell, 103528. 

https://doi.org/10.1016/j.tice.2026.103528 

Cursino, M.S., Duarte, J.M.B., 2016. Using sperm morphometry and multivariate analysis to 

differentiate species of gray Mazama. Royal Society Open Science, 3, 160345. 

https://doi.org/10.1098/rsos.160345 

https://doi.org/10.1371/journal.pone.0093383
https://doi.org/10.1111/j.1463-6395.2007.00285.x
https://doi.org/10.1016/j.tice.2005.03.006
https://doi.org/10.1016/j.tice.2006.08.006
https://doi.org/10.1016/S0015-0282(16)42321-6
https://doi.org/10.1016/S0015-0282(16)42321-6
https://doi.org/10.1016/j.tice.2026.103528
https://doi.org/10.1098/rsos.160345


70 

 

70 

 

D’Urso, V., Guglielmino, A., Mauceri, A., 2005. The internal male and female reproductive 

apparatus in Cixidia sikaniae D’Urso & Guglielmino, 1995 (Fulgoromorpha, 

Achilidae). Zootaxa, 1077, 25–36. https://doi.org/10.11646/zootaxa.1077.1.2 

Dallai, R., 2014. Overview on spermatogenesis and sperm structure of Hexapoda. Arthropod 

Structure & Development, 43, 257–290. https://doi.org/10.1016/j.asd.2014.04.002 

Dallai, R., Gottardo, M., Beutel, R.G., 2016. Structure and evolution of insect sperm: new 

interpretations in the age of phylogenomics. Annual Review of Entomology, 61,1–23. 

https://doi.org/10.1146/annurev-ento-010715-023555 

Daniels, E.W., Longwell, A.C., McNiff, J.M., Wolfgang, R.W., 1971. Ultrastructure of 

spermatozoa from the American oyster Crassostrea virginica. Transactions of the 

American Microscopical Society, 275-282. https://doi.org/10.2307/3225187 

Deitz, L.L., Wallace, M.S., 2010. Treehoppers: Aetalionidae, Melizoderidae, and Membracidae 

(Hemiptera). The National Science Foundation, NCSU Insect Museum and East 

Stroudsburg University of Pennsylvania, USA. 

Dietrich, C.H., Rakitov, R.A., Holmes, J.L. & Black, W.C. (2001) Phylogeny of the major 

lineages of Membracoidea (Insecta: Hemiptera: Cicadomorpha) based on 28S rDNA 

sequences. Molecular Phylogenetics and Evolution, 18, 293–305. 

https://doi.org/10.1006/mpev.2000.0873 

Dmitriev, D.A., Angelova, R., Anufriev, G.A., Bartlett, C.R., Blanco-Rodríguez, E., Borodin, 

O.I., Cao, Y.-H., Cara, C., Deitz, L.L., Dietrich, C.H., Dmitrieva, M.O., El-Sonbati, 

S.A., Evangelista de Souza, O., Gjonov, I.V., Gonçalves, A.C., Gonçalves, C.C., 

Hendrix, S.V., McKamey, S., Kohler, M., Kunz, G., Malenovský, I., Morris, B.O., 

Novoselova, M., Pinedo-Escatel, J.A., Rakitov, R.A., Rothschild, M.J., Sanborn, A.F., 

Takiya, D.M., Trivellone, V., Wallace, M.S., Zahniser, J.N. (2026). Membracidae 

Rafinesque, 1815. World Auchenorrhyncha Database. TaxonPages. Retrieved on 2026-

05-25 at https://hoppers.speciesfile.org/otus/48812/overview 

Emelyanov, A.F., Kuznetsova, V.G., 1983. The number of seminal follicles as a phylogenetic 

and taxonomic feature in the Dictyopharidae (Homoptera) and other leafhoppers. 

Zoologicheskii Zhurnal. 62, 1583–1586. 

https://doi.org/10.11646/zootaxa.1077.1.2
https://doi.org/10.1016/j.asd.2014.04.002
https://doi.org/10.1146/annurev-ento-010715-023555
https://doi.org/10.2307/3225187
https://doi.org/10.1006/mpev.2000.0873
https://hoppers.speciesfile.org/otus/48812/overview


71 

 

71 

 

Evangelista, O., Sakakibara, A., Takiya, D.M., Antunes, A.F., 2026. Membracidae in Catálogo 

Taxonômico da Fauna do Brasil. PNUD. Disponível em: 

http://fauna.jbrj.gov.br/fauna/faunadobrasil/1304 

Funkhouser, W.D., 1950. Homoptera: Fam. Membracidae. L. Desmet-Verteneuil. 

Gil-Fernandez, C., Black, L.M., 1965. Some Aspects of the Internal Anatomy of the Leafhopper 

Agallia constricta (Homoptera: Cicadellidae). Annals of the Entomological Society of 

America, 58 (3), 275–284. https://doi.org/10.1093/aesa/58.3.275 

Golub, N.V., Kuznetsova, V.G., Rakitov, R.A., 2014. First karyotype data on the family 

Myerslopiidae (Hemiptera, Auchenorrhyncha, Cicadomorpha). Comparative 

Cytogenetics, 8(4), 293. https://doi.org/10.3897/CompCytogen.v8i4.8813 

Gray, J., 1955. The movement of sea-urchin spermatozoa. Journal of Experimental Biology, 

32(4), 775-801. https://doi.org/10.1242/jeb.32.4.775 

Hayashi, F., Kamimura, Y., 2002. The potential for incorporation of male derived proteins into 

developing eggs in the leafhopper Bothrogonia ferruginea. Journal of Insect 

Physiology, 48, 153–159. https://doi.org/10.1016/S0022-1910(01)00159-7 

Helms, T.J., 1968. Postembryonic reproductive systems development in Empoasca fabae. 

Annals of the Entomological Society of America, 61, 316–332. 

Higginson, D.M., Pitnick, S., 2011. Evolution of intra‐ejaculate sperm interactions: do sperm 

cooperate? Biological Reviews, 86(1), 249-270. https://doi.org/10.1111/j.1469-

185X.2010.00147.x 

Hiramoto, Y., Baba, S.A., 1978. A quantitative analysis of flagellar movement in echinoderm 

spermatozoa. Journal of Experimental Biology, 76(1), 85–104. 

https://doi.org/10.1242/jeb.76.1.85 

Hodgson, A.N., Ridgeway, J.A., Villet, M.H., 2016. Sperm ultrastructure and spermatodesm 

morphology of the spittle bug Locris transversa (Tunberg, 1822) (Hemiptera, 

Cercopidae). Invertebrate Reproduction & Development, 60, 87–94. 

https://doi.org/10.1080/07924259.2016.1157104 

Hu, Y., Dietrich, C.H., Skinner, R.K. & Zhang, Y. (2023) Phylogeny of Membracoidea 

(Hemiptera: Auchenorrhyncha) based on transcriptome data. Systematic Entomology, 

48(1), 97-110.  https://doi.org/10.1111/syen.12563 

http://fauna.jbrj.gov.br/fauna/faunadobrasil/1304
https://doi.org/10.1093/aesa/58.3.275
https://doi.org/10.3897/CompCytogen.v8i4.8813
https://doi.org/10.1242/jeb.32.4.775
https://doi.org/10.1016/S0022-1910(01)00159-7
https://doi.org/10.1111/j.1469-185X.2010.00147.x
https://doi.org/10.1111/j.1469-185X.2010.00147.x
https://doi.org/10.1242/jeb.76.1.85
https://doi.org/10.1080/07924259.2016.1157104
https://doi.org/10.1111/syen.12563


72 

 

72 

 

Ivanov, S.P., 1926. To the knowledge of the sexual apparatus of Homoptera Cicadoidea. — 

Russkoe Entomologicheskoe Obozrenie, 20, 210227 [in Russian]. 

Jamieson, B.G.M., Dallai, R., Afzelius, B.A., 1999. Order Hemiptera. In: Insects: Their 

Spermatozoa and Phylogeny. Science Publishers, UK, 232–249. 

Janzen, D.H., 1973. Sweep samples of tropical foliage insects: effects of seasons, vegetation 

types, elevation, time of day, and insularity. Ecology, 54(3), 687–708. 

https://doi.org/10.2307/1935359 

Kuzetsova, T.G., Olub, N.V., 2024. The number of testicular follicles and ovarioles in 

Cicadomorpha (Hemiptera: Auchenorrhyncha): Variability and evolutionary trends. 

European Journal of Entomology, 121. https://doi.org/10.14411/eje.2024.045 

Kuznetsova, V.G., Kirillova, V.I., 1993. Karyotype and male internal Reproductive System of 

Aetalion reticulatum L. (Aetalionidae, Cicadelloidea, Cicadina): Phylogenetic Aspects. 

Beiträge zur Entomologie= Contributions to Entomology, 43(1), 119–122. 

https://doi.org/10.21248/contrib.entomol.43.1.119-122 

Kuznetsova, V.G., Emeljanov, A.F.,  Maryańska-Nadachowska, A., 2009. A contribution to the 

karyosystematics of the planthopper families Dictyopharidae and Fulgoridae 

(Hemiptera: Auchenorrhyncha). European Journal of Entomology, 106(2), 159–170.  

Kuznetsova, V.G., Golub, N.V., Maryańska-Nadachowska, A., 2024. Number of seminal 

follicles and ovarioles in Fulgoromorpha (Hemiptera: Auchenorrhyncha): Variability 

and evolutionary trends. European Journal of Entomology, 121. 

https://doi.org/10.14411/eje.2024.014 

Kuznetsova, V.G., Maryanska-Nadachowska, A., Gnezdilov, V.M., 2010. Meiotic karyotypes 

and testis structure of 14 species of the planthopper tribe Issini (Hemiptera: Fulgoroidea, 

Issidae). European Journal of Entomology, 107(4). 

https://doi.org/10.14411/eje.2010.055 

Leopold, R.A., 1976. The role of male accessory glands in insect reproduction. Annual Review 

of Entomology, 21(1), 199–221. https://doi.org/10.1146/annurev.en.21.010176.001215 

Lino‐Neto, J., Dolder, H., 2001. Redescription of sperm structure and ultrastructure of 

Trichogramma dendrolimi (Hymenoptera: Chalcidoidea: Trichogrammatidae). Acta 

Zoologica, 82(2), 159–164. https://doi.org/10.1046/j.1463-6395.2001.00082.x 

https://doi.org/10.2307/1935359
https://doi.org/10.14411/eje.2024.045
https://doi.org/10.21248/contrib.entomol.43.1.119-122
https://doi.org/10.14411/eje.2024.014
https://doi.org/10.14411/eje.2010.055
https://doi.org/10.1146/annurev.en.21.010176.001215
https://doi.org/10.1046/j.1463-6395.2001.00082.x


73 

 

73 

 

Lino-Neto, J., Dolder, H., Mancini, K., Mercati, D., Dallai, R., 2008. The short spermatodesm 

of Arge pagana (Hymenoptera: Symphyta). Tissue and Cell, 40(3), 185-193. 

https://doi.org/10.1016/j.tice.2007.11.004 

Lowman, F.G., 1953. Electron microscope studies of silver salmon spermatozoa 

(Oncorhynchus kisutch [Walbaum]). Experimental Cell Research, 5(2), 335–360. 

https://doi.org/10.1016/0014-4827(53)90219-5 

Lupetti, P., Mencarelli, C., Mercati, D., Gaino, E., Dallai, R., 2011. The spermatodesm of 

Cloeon dipterum (L.): Fine structure and sperm movement. Tissue and Cell, 43(3), 157–

164. https://doi.org/10.1016/j.tice.2011.01.005 

Mishra, R.K., 1979. Male reproductive organs of five species of Auchenorrhyncha Homoptera. 

Acta Entomologica Bohemoslovaca, 76, 162–168. 
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General Conclusion 
 

The present thesis offers a multifaceted investigation into the Membracidae family, 

integrating the precision of internal morphology with the relevance of applied ecology 

and science communication. Through anatomical and histological analyses, this 

research has filled a historical gap regarding the morphology of the reproductive 

system and the ultrastructure of the spermatozoa of these insects, providing 

fundamental data for the advancement of biological and entomological knowledge. 

Morphological and Taxonomic Contributions 

Based on the study of Horiola picta and, subsequently, 14 other species, consistent 

reproductive patterns were established across different subfamilies of Membracoidea. 

The identification of spermatozoa aggregated in homogeneous matrices 

(spermatodesmata) and the characterization of terminal flagellar filaments transitioned 

from isolated observations to potential synapomorphic markers for the group. The 

results demonstrate that the anatomy of the male reproductive system and sperm 

morphometry constitute robust tools for integrative taxonomy, capable of refining 

systematic classification and elucidating historical taxonomic inconsistencies. 

Ecological and Biogeographical Implications 

In the ecological sphere, the pioneer record of H. picta in the state of Minas Gerais, 

associated with the non-endemic ornamental plant Filicium decipiens, evidenced the 

territorial expansion capacity and adaptive plasticity of this species. Multi-year 

monitoring allowed for the documentation of its biology and economic relevance, 

warning of its potential as a pest—a status already consolidated in Northeastern Brazil. 

These findings reinforce the urgency of official records to support biodiversity 

management and phytosanitary defense strategies. 

Science as a Tool for Citizenship 

Beyond the laboratory benches, this thesis sought to transcend academic walls. The 

creation of a literary work using accessible language about Membracidae materializes 

the transition from technical knowledge to an instrument of citizenship. By translating 

scientific complexity into a narrative close to the local reality, the work deconstructs the 
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"pest" stigma and promotes recognition of the fundamental ecological role of these 

insects. 

 Ultimately, this research reaffirms that environmental conservation and citizen 

science are inseparable. The democratization of knowledge proposed here not only 

educates but fosters empathy and a sense of belonging, reiterating that the protection 

of Brazilian biodiversity begins, fundamentally, with the sharing of knowledge. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


