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ABSTRACT 

 Usually one species of galling insect can induce just one gall morphotype on the host 

plant. The galling insect Lopesia mataybae (Diptera: Cecidomyiidae) induces two 

similar gall morphotypes on the leaflets of Matayba guianensis (Sapindaceae). 

However, these galls differ in thickness and size, a possible evidence of sexual 

dimorphism occurring in galls induced by a cecidomyiid. 

 In the present study, the morphological, anatomical and histochemical attributes of 

male and female galls were examined and compared. 



 Both gall morphotypes presented the galling insect in larva or pupa stages, and the 

emerged insect from different galls were sexually distinct. Galls induced by females 

were significantly bigger (height average = 4,67mm, S=0,43/ width average = 

4,59mm, S=0,70) than male galls (height average = 2,95 mm, S=0,46/ width average 

= 2,34 mm, S=0,45), and the quantity and size of cell layers in female induced galls 

were higher. There were no differences in histochemical compounds detected in both 

male and female galls. 

 The differences between the female and male galls found in this study may be due to 

differences in the life cycle of the insects, where female’s stimuli on the host plant 

lasts more than males, causing plant responses to be different and thus promote bigger 

galls for females. 
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INTRODUCTION 

Galls are new plant organs developed by chemical and/or mechanical stimulus of specialized 

organisms, especially insects (Mani 1964, Shorthouse et al. 2005). The host plant interaction 

with these specialized herbivores, leading to gall formation, is one of the most efficient 

strategy of herbivory (Roskam 1992; Stone & Schönrogge 2003). The galling insects are 

truly phenotype manipulators changing the host tissues into its own benefit and, in general, 

induce cell hypertrophy and tissue hyperplasia during the gall development (Oliveira et al. 

2016). Despite of the site of gall induction and development (e.g. leaf, stem, flower bud), the 

gall structure provide a favorable microclime to the galling insect larvae, protection against 



natural enemies and provide nutritional resources, especially with the formation of the 

nutritive tissues. (Bronner 1992; Hawkins et al. 1997; Hartley 1998; Shorthouse et al. 2005; 

Oliveira 2011; Ferreira et al. 2017a). The development of gall tissues depends on continuous 

chemical and/or mechanical stimuli of the galling insect during its feeding activity, which act 

like a biotic modulator of plant tissues metabolism, but it is limited by host plant 

morphogenetic constraints (Mani 1964; Meyer & Maresquelle 1983; Rohfritsch 1992; 

Oliveira & Isaias 2010a; Bartlett & Connor 2014; Oliveira et al. 2016; Amorim et al. 2017; 

Rezende et al. 2019). 

Some plant species can host different gall morphotypes, induced by different species 

of galling organisms, the superhosts (e.g Hayward & Stone 2005; Oliveira 2008; Costa et al. 

2010; Oliveira et al. 2013). In a general way, each insect species induces just a single gall 

morphotype (Rohfritsch & Shorthouse 1982; Price 2005). Sometimes, insects from the same 

species can induce galls in distinct host plant species (Malenovský et al. 2015). Therefore, in 

some cases, one insect species can induce two, even three gall morphotypes at the same or 

different host plant organs, as well as at different periods of its life cycle (e.g. Gonçalves et 

al. 2005; Dorchin et al. 2009; Kurzfeld-Zexer et al. 2015; Pfeffer et al. 2018; Silva et al. 

2019). Induction of more than one gall morphotype indirectly increases plant resource 

variability that galling insects is able to access. This peculiarity can be related to the sexual 

dimorphism of the galling organism (Rhomberg 1980; Wool & Burstein 1991; Miller 1998; 

Dorchin et al. 2009; Gonçalves et al. 2005). Sexual dimorphism is common in some taxa of 

galling insects as the Eriococcidae gall systems (Gullan et al. 2005; Gonçalves et al. 2005; 

Magalhães et al. 2015) but no reports have been shown for Diptera: Cecidomyiidae. 



The galling Lopesia mataybae (Diptera - Cecidomyiidae), induces two galls 

mophotypes on leaflets of Mataybae guianensis (Sapindaceae). We believe that females and 

males occupy distinct galls, although these two gall morphotypes are quite similar, they have 

considerably differences in size and thickness. Cecidomyiidae females usually emerges later, 

are bigger and have a longer life cycle than males (Condrashoff 1962; Gagné 1994; Dorchin 

et al. 2007, Tabadkani et al. 2012), and considering that gall tissue develop in response to 

insect feeding stimuli (e.g. Ferreira et al. 2017b, Rezende et al. 2019), cecidomyiid female 

feed more frequently and induce bigger galls. In addition, the female galls should present 

different distribution of nutritional compounds in the tissues compared with male galls.  

 

MATERIALS AND METHODS 

Study area and sampling 

The study was carried out at Estação Ecológica do Panga (19°10=S, 48°24=W), Uberlândia 

city, Minas Gerais State, Brazil. We collected 124 galls from different sizes induced by L. 

mataybae on leaflets of M. guianensis from July 2019 to October 2019 for sexual 

morphological, anatomical and histochemical characterization. 

To determine the possible sexual dimorphism, i.e. the presence of L. mataybae 

females or males, the collected galls were put separately on plastics microtubes until adult 

emergence. The emerged adults were analyzed in a stereomicroscope, to distinguish males 

from females according to Garcia and Urso-Guimarães (2018) insect descriptions. Female 

and male galls were measured using a digital caliper (Digimess®). Moreover, galls from both 

morphotypes were opened to determine the stages of development of the insect. 



For anatomical analysis, samples were fixed in FAA 50 (formalin, acetic acid, 50 % 

ethanol, 1:1:18 v/v/v) for 48 hours (Johansen, 1940), dehydrated in an ethanol series, 

embedded in 2-hydroxyethyl methacrylate (Historesin®, Leica® Instruments, Germany), and 

sectioned using a rotary microtome (YD-315 model, China) at a thickness of 5μm. The 

sections were stained with 1 % toluidine blue at pH 4.0 (O’Brien et al. 1965) and mounted 

with Entellan®.  

To determine the possible sexual dimorphism, i.e. the presence of L. mataybae 

females or males, the collected galls were put separately on plastics microtubes until adult 

emergence. The emerged adults were analyzed in a stereomicroscope, to distinguish males 

from females according to Garcia and Urso-Guimarães (2018) insect descriptions. Female 

and male galls were measured using a digital caliper (Digimess®). Moreover, galls from both 

morphotypes were opened to determine the stages of development of the insect. 

 

RESULTS 

Female-induced galls are larger and thicker (height average = 4,67mm, S=0,43/ width 

average = 4,59mm, S=0,70) than those occupied by males (height average = 2,95 mm, 

S=0,46/ width average = 2,34 mm, S=0,45) (Fig.1 A). In these galls of different sizes were 

found both larva and pupa stages of the galling insects. The insects emerged from both 

morphotypes were sexually different according to Garcia and Urso-Guimarães (2018) 

insects’ descriptions, males emerged from small galls and females emerged from bigger galls. 

However, some characteristics remains similar, both galls are induced on the abaxial leaflet 

surface, with globoid morphotype (Isaias et al. 2014a) and covered by projections. These 



galls are composed by two parts, one outer vessel-like structure that surrounds another 

innermost cocoon-like structure, that is made up of harder tissues (Fig. 1 B, C). In the tip of 

the cocoon-like structure there is nutritive cells, where the galling insects can feed (Fig. 2 A, 

D). The insect emerge of the gall pushing out this cocoon-like structure and the wrapping 

part remains fixed to the leaf base  

The galls develop initially from cell hypertrophy and tissue hyperplasia of the abaxial 

epidermis and spongy parenchyma of the leaflet, neoformed vascular bundles are noted in 

the base of the gall (Fig.2 C, D). In the point of insertion, female and male galls maintain 

only parts of the spongy parenchyma (Fig. 2 E, F). Toward gall tissue, it continues to expand 

by tissue hyperplasia with aleatory cell divisions. The gall is covered by the epidermis that 

continue from the abaxial leaf epidermis. In addition, galls have projections which are 

composed of homogeneous parenchyma with elongated cells. 

In both female and male galls, the cocoon-like structure goes through walls hardening 

due the intense lignification (Fig. 2 A, B). The differences between the galls are in the 

wrapper that remains active until these structures’ senescence. This wrap on female-induced 

galls are smaller at the base and expands in thickness in the region surrounding the cocoon-

like structure, with more than 25 lateral cell layers approximately. In male-induced galls, the 

base is the bigger part, with greater cellular hyperplasia and hypertrophy comparing with the 

walls surrounding the cocoon-like structure with approximately 15 lateral cell layers.  

Based in histochemical tests, there is no difference between female-induced galls and 

male-induced galls. Both accumulate starch in the base and lateral regions (Fig.3 A). The 

presence of reducing sugars was detected on both galls, mainly next to the “coccon-like 



structure” region, probably a true nutritive tissue (Fig.3 B). The tests for proteins e lipids 

were negative for both female and male galls.  

 

DISCUSSION 

Some morphological features are clear indicative of sexual dimorphism in galls induced by 

Lopesia mataybae on leaflets of Matayba guianensis.  The female galls are bigger, and the 

vessel-like structure showed more hypertrophied cells compared with male induced galls. 

However, most of anatomical and histochemical traits are similar in galls induced by both 

female and male galling insects. Presumably, the morphology and life-cycle differences 

among L. mataybae females and males (Garcia & Urso-Guimarães 2018) are responsible for 

the morphological differences in galls structure, determining the sexual dimorphism.  

 In addition to gall induced by L. mataybae, M. guianensis host galls induced by the 

parthenogenetic galling insect, the Bystracoccus mataybae (Eriococcidae) (Hodgson et al. 

2013). B. mataybae produces two different morphotypes of galls on Matayba guianensis, 

depending on the developmental stage of the insect and the site of oviposition. The first instar 

nymph induces simple stem galls and the second instar nymph induce more complex leaflet 

galls (Pfeffer et al. 2018; Silva et al. 2019). Although induced in the same host plant species, 

these galls induced by B. mataybae have different morphology, anatomy and histochemistry 

than those induced by L. mataybae. These findings indicate that the galling species, their 

development stage and the sex has a direct influence on the gall morphology. For example, 

B. mataybae galls are glabrous (Pfeffer et al. 2018), while L. mataybae galls have trichomes. 

The mature leaves of M. guianensis are smooth, but the leaves in early development stages 



have trichomes. Therefore, the galls induced by L. mataybae not only maintain this 

characteristic of young leaves but increase its expression. The lignified tissue in the cocoon-

like structure can protect the galling insects from environment stress and natural enemies, as 

discussed by Stone & Schönrogge (2003). 

The gall shape determination depends on the galling feeding behavior, that stimulates 

differently the process of gall tissues development (Rohfritsch & Anthony 1992). So, the gall 

tissues differentiation and growth depend on the constant specific galling feeding stimulus 

(Rezende et al. 2019). Cecidomyiidae male insects usually emerge earlier from the galls, thus 

has shorter life cycle than females (Dorchin et al. 2007; Gagné 1994; Yukawa et al. 2013). 

The differences between life cycles of the sexes can be a possible explanation for the 

occurrence of sexually dimorphic galls (Gullan et al. 2005). Females staying longer in galls 

than males promote more stimuli in the plant that can result in more tissues hyperplasia and 

cell hypertrophy and consequently developing sexually dimorphic galls. The gall systems 

Pseudotectococcus rolliniae (Eriococcidae) - Rollinia laurifolia (Annonaceae) (Gonçalves et 

al. 2005) and Trichilogaster acaciaelongifoliae (Pteromalidae) - Acacia longifolia 

(Fabaceae) (Dorchin et al. 2009) are examples of female-induced galls being larger than 

male-induced ones. In both systems the galls are similar in general patterns, however, differ 

in size according with the galling sex. Corroborating the hypothesis that morphological 

dimorphism of the inducers reflects a difference in responses from the plant, resulting in 

sexually morphological dimorphic galls. 

Galls are true sinks of photoassimilates from different plant parts (Jankiewicz et al. 

1970; Larson & Whitham 1991; Castro et al. 2012). These resources are used to support gall 

development and metabolism, as well as the galling insect diet (Hartley 1998; Oliveira et al. 



2006; Isaias et al. 2014b). Usually, Cecidomyiidae galls develop a typical nutritive tissue 

with high sugar metabolism, and a storage tissue with starch, as detected in galls induced by 

Eugeniamyia dispar in Eugenia uniflora (Rezende et al. 2018) and by a Cecidomyiidae in 

Copaifera langsdorfii (Oliveria et al. 2010). In both galls of L. mataybae, starch was detected 

in the storage tissue, and reducing sugar detected in the typical nutritive tissue. However, 

there was no detection of protein in the tissues of both galls, which is unusual for 

Cecidomyiidae galls. 

The gall induction usually increases the number of cell layers and reduces the 

intercellular spaces, this developmental feature guarantees parenchyma homogenization, 

formation of the gall cortex and the neoformation of vascular bundles with cytological 

distinctiveness (Arduin & Kraus 1995; Isaias et al. 2011; Magalhães et al. 2014; Fleury et 

al. 2015; Rezende et al. 2018). The development of different cell layers’ quantities between 

the sexes of L. mataybae can be a reflect of the different insects feeding stimuli and 

consequently different plant cell responses. The vascular connections derived of the cells 

redifferentiation, found between host organs and galls, are also important for the 

establishment and maintenance of the gall structure, allowing the sink status of galls (Oliveira 

& Isaias 2010b; Isaias et al. 2011; Fleury et al. 2015; Amorim et al. 2017). In a co-generic 

species of Lopesia sp. inducing galls on leaves of Mimosa gemmulata, the neoformation of 

vascular bundles indicates the changing fates of vascular parenchymatic cells towards the re-

differentiation of procambium, followed by the differentiation of xylem and phloem 

elements. Such alterations in cell functions is an essential process for the maintenance and 

development of the gall structure (Costa et al. 2018; Ullrich & Aloni 2000). In galls induced 

by both sexes of Lopesia mataybae, the presence of many hypertrophied vascular bundles 



demonstrates that despite the lack of differences in production and storage of primary 

metabolites between both gall morphotypes, this galls still have a high sink status in 

consequence of its development. 

In our study, we have shown that galls induced by different sexes of Lopesia 

mataybae result in sexually dimorphic galls, with significant differences in morphology (size 

and thickness) and anatomy (quantity and size of cell layers), but histochemically equals in 

production of some primary metabolites such as starch and reducing sugars. This indicates 

that, this differences between the two gall morphotypes, may be due to differences in the life 

cycle of the insects, where female’s stimuli on the host plant lasts more than males, causing 

plant responses to be different and thus promote bigger galls for females. 

 

ACKNOWLEDGMENTS 

We are grateful to Conselho Nacional de Desenvolvimento Científico e Tecnológico - CNPq 

by the scholarship to Pedro H. P. Gonçalves. We are also grateful to Carolina A. Garcia and 

Maria V. Urso-guimarães, who described the gall inducing insect of this system, and to 

Wesley C. Silva for the support on some experiments. We thank the Universidade Federal de 

Uberlândia – UFU, especially the Laboratório de Anatomia Vegetal e Interações – LADEVI 

for the equipment that made possible the elaboration of this work. 

 

REFERENCES 

Amorim D.O., Ferreira B.G., Fleury G (2017). Plant potentialities determine anatomical and 

histochemical diversity in Mikania glomerata Spreng. galls. Revista Brasileira de Botanica. 

Brazilian Journal of Botany, 40, 517–527. 



Arduin M., Kraus J. E. (1995). Anatomia e Ontogenia de galhas foliares de Piptadenia 

gonoacantha (Fabales, Mimosaceae). Boletim de Botânica da Universidade de São Paulo, 

14, 109–130. 

Bartlett, L. and Connor, E.F. (2014). Exogenous phytohormones and the induction of plant 

galls by insects. Arthropod-Plant Interactions, 8, 339-348. 

Bronner, R. (1992). The role of nutritive cells in the nutrition of Cynipids and Cecidomyiids. 

In: Shorthouse JD, Rohfritsch O (eds) Biology of Insect Induced-galls. Oxford University 

Press, 118 – 137.  

Castro, A. C., Oliveira, D. C., Moreira, A. S. F. P., Lemos-Filho, J. P., & Isaias, R. M. S. 

(2012). Source–sink relationship and photosynthesis in the horn-shaped gall and its host plant 

Copaifera langsdorffii Desf. (Fabaceae). South African Journal of Botany, 83, 121–126.  

Condrashoff, S. F. (1962). Bionomics of Three Closely Related Species of Contarinia Rond. 

(Diptera: Cecidomyiidae) from Douglas-fir Needles. The Canadian Entomologist, 94, 376–

394. 

Costa, E. C., Carneiro, R. G. da S., Silva, J. S., & Isaias, R. M. dos S. (2018). Biology and 

development of galls induced by Lopesia sp. (Diptera: Cecidomyiidae) on leaves of Mimosa 

gemmulata (Leguminosae: Caesalpinioideae). Australian Journal of Botany, 66, 161-172.  

Costa, F.V., Fagundes, M., Neves, F.S., (2010). Arquitetura da planta e diversidade de galhas 

associadas à Copaifera langsdorffii (Fabaceae). Ecología Austral, 20, 9-17. 

Dorchin, N., Clarkin, C. E., Scott, E. R., Luongo, M. P., & Abrahamson, W. G. 

(2007). Taxonomy, Life History, and Population Sex Ratios of North 

American Dasineura (Diptera: Cecidomyiidae) on Goldenrods (Asteraceae). Annals of the 

Entomological Society of America, 100, 539–548.  

Dorchin, N., Hoffmann, J. H., Stirk, W. A., Novak, O., Strnad, M., & Van Staden, J. 

(2009). Sexually dimorphic gall structures correspond to differential phytohormone contents 

in male and female wasp larvae. Physiological Entomology, 34, 359–369. 

Ferreira B. G., Avritzer S.C.; Isaias R.M. (2017a). Totipotent nutritive cells and 

indeterminate growth in galls of Ditylenchus gallaeformans (Nematoda) on reproductive 



apices of Miconia. Flora - Morphology, Distribution, Functional Ecology of Plants, 227, 36-

45. 

Ferreira, B. G., Álvarez, R., Avritzer., S. C., and Isaias., R. M. S. (2017b). Revisiting the 

histological patterns of storage tissues: beyond the limits of gall-inducing taxa. Botany, 95, 

173-184. 

Fleury G., Ferreira B. G., Soares G. L. G., Oliveira D. C. (2015). Elucidating the 

determination of the rosette galls induced by Pisphondylia brasiliensis Couri and Maia 1992 

(Cecidomyiidae) on Guapira opposita (Nyctaginaceae). Australian Journal of Botany, 63, 

608–617. 

Gagné, R. J. (1994). The gall midges of the Neotropical Region. Cornell University Press. 

Garcia, C. A. and Urso-Guimarães, M. V. (2018). Three New Species of Lopesia Rübsaamen 

(Diptera: Cecidomyiidae) from Brazil. Florida Entomologist, 101, 203–211. 

Gonçalves, S. J. M. R., Isaias, R. M. S. Vale, F. H. A. and Fernandes, G. W. (2005). “Sexual 

Dimorphism of Pseudotectococcus rolliniae Hodgson & Gonçalves 2004 (Hemiptera 

Coccoidea Eriococcidae) Influences Gall Morphology on Rollinia laurifolia Schltdl. 

(Annonaceae),” Tropical Zoology, 18, 161-169. 

Gullan P. J., MIller D. R. and Cook L. G. (2005). Gall-inducing scale insects (Hemiptera: 

Sternorrhyncha: Coccoidea). pp. 159-229. In: Raman a. et al., Edits. Biology, Ecology, and 

Evolution of Gall-inducing Arthropods. New Delhi: Oxford & IBH Publishing Co. Pvt Ltd., 

774 pp. 

Hartley, S.E. (1998). The chemical composition of plant galls: are levels of nutrients and 

secondary compounds controlled by the gall former? Oecologia, 113, 492-501.  

Hawkins, B.A.; Cornell, H. V.; Hochberg, M. E. (1997). Predators, parasitoids, and 

pathogens as mortality agents in phytophagous insect populations. Ecology, 78, 2145–2152. 

Hayward, A., Stone, G.N., (2005). Oak gall wasp communities: Evolution and ecology. Basic 

and Applied Ecology, 6, 435-443. 



Hodgson, C., Isaias, R. M. S., & Oliveira, D. C. (2013). A new gall-inducing genus and 

species of Eriococcidae (Hemiptera: Sternorrhyncha: Coccoidea) on Sapindaceae from 

Brazil. Zootaxa, 3734, 317-330. 

Isaias R. M. S., Oliveira D. C., Carneiro R. G. S. (2011). Role of Euphalerus ostreoides 

(Hemiptera: Psylloidea) in manipulating leaflet ontogenesis of Lonchocarpus 

muehlbergianus (Fabaceae). Botany,. 89, 581–592. 

Isaias, R. M. S., Carneiro, R. G. S., Santos, J. C., Oliveira, D. C. (2014a). Gall morphotypes 

in the Neotropics and the need to standardize them. In Neotropical insect galls (pp. 51-67). 

Springer, Dordrecht. 

Isaias, R. M. S., Oliveira, D. C., Carneiro, R. G. S., and Kraus, J. E. (2014b). “Neotropical 

insect galls,” in Developmental Anatomy of Falls in the Neotropics: Arthropods Stimuli 

Versus Host Plant Constraints, eds G. W. Fernandes and J. C. Santos. Dordrecht: Springer, 

15–34. 

Jankiewicz, L. S., Plich, H., Antoszewski, R. (1970). Preliminary studies on the translocation 

of 14 C-labelled assimilates and 32 PO3 −towards the gall evoked by Cynips quercus-folii 

L. on oak leaves. Marcellia (Strasburg), 36, 163–172. 

Johansen, D.A. (1940). Plant microtechnique. McGraw-Hill Books, New York, N.Y. 

Kurzfeld-Zexer, L., Lev-Yadun, S., & Inbar, M. (2015). One aphid species induces three gall 

types on a single plant: Comparative histology of one genotype and multiple extended 

phenotypes. Flora - Morphology, Distribution, Functional Ecology of Plants, 210, 19–30. 

Magalhães T. A., Oliveira D. C., Suzuki A. Y. M., Isaias R. M. S. (2014). Patterns of cell 

elongation in the determination of the final shape in galls of Baccharopelma dracunculifoliae 

(Psyllidae) on Baccharis dracunculifolia DC (Asteraceae). Protoplasma, 251, 747–753. 

Magalhães, T. A., Oliveira, D. C., isaias, R. M. S., (2015). Population dynamics of the gall 

inducer (Hemiptera: Coccoidea: Eriococcidae) on (Malvaceae). Journal of Natural History, 

49, 789-801. 

Malenovský, I.,  Burckhardt, D., Queiroz, D. L., Isaias, R. M. S., Oliveira, D. C. (2015). 

Descriptions of two new Pseudophacopteron species (Hemiptera: Psylloidea: 



Phacopteronidae) inducing galls on Aspidosperma (Apocynaceae) in Brazil. Acta 

entomologica Musei Nationalis Pragae, 55, 523-538. 

MANI, M.S. (1964). Ecology of plant galls. W. Junk, The Hague. 434p. 

Mazia, D., Brewer, P.A., and Alfert, M. (1953). The cytochemistry staining and measurement 

of protein with mercuric bromophenol blue. Biological Bulletin, 104, 57–67. 

Meyer, J. & Maresquelle, H.J. (1983). Anatomie des Galles. Gebrüder Borntraeger, Berlin, 

Deutschland. 662p. 

Miller, D. G., (1998). Life history, ecology and communal gall occupation in the man-zanita 

leaf-gall aphid, Tamalia coweni (Cockerell) (Homoptera: Aphididae). J. Natural History. 32, 

351–366. 

Oliveira D. C. and Isaias R. M. S. (2010b). Redifferentiation of leaflet tissues during midrib 

gall development in Copaifera langsdorffii (Fabaceae). South African Journal of Botany, 76, 

239–248. 

Oliveira D. C., Drummond, M. M., Moreira, A. S. F. P., Soares, G. L. G. and Isaias, R. M. 

S. Isaias. (2008). “Potencialidades Morfogênicas de Copaifera langsdorffii Desf. (Fabaceae): 

Super Hospedeira de Herbívoros Galhadores” Revista de Biologia Neotropical, 5, 31-39. 

Oliveira, D. C. de, Carneiro, R. G. da S., Magalhães, T. A., & Isaias, R. M. dos S. (2011). 

Cytological and histochemical gradients on two Copaifera langsdorffii Desf. (Fabaceae)—

Cecidomyiidae gall systems. Protoplasma, 248, 829–837.  

Oliveira, D. C., Christiano, J. C. S., Soares, G. L. G., and Isaias, R. M. S. (2006). Reações de 

defesas químicas e estruturais de Lonchocarpus muehlbergianus Hassl. (Fabaceae) à ação do 

galhador Euphalerus ostreoides Crawf. (Hemiptera: Psyllidae). Revista Brasileira de 

Botânica, 29, 657–667. 

Oliveira, D. C., Magalhães, T. A., Carneiro, R. G. S., Alvim, M. N. and Isaias, R. M. S. 

Isaias. (2010a). Do Cecidomyiidae Galls of Aspidosperma spruceanum (Apocynaceae) Fit 

the Pre- Established Cytological and Histochemical Patterns? Protoplasma, 242, 81-93.  



Oliveira, D.C.; Isaias, R.M.S.; Fernandes, G.W.; Ferreira, B.G.; Carneiro, R.G.S. & Fuzaro, 

L. (2016). Manipulation of host plant cells and tissues by gall-inducing insects and adaptative 

strategies used by different feeding guilds. Journal of Insect Physiology, 84, 103-113. 

Pfeffer, L., Rezende, U. C., Barônio, G. J., & de Oliveira, D. C. (2018). Building two houses 

on a single host plant: galling insect synchronizes its life cycle with plant phenology. 

Oecologia Australis, 22, 438–448. 

Price, P. W. (2005). Adaptive radiation of gall-inducing insects. r, 6, 413–421. 

Redfern M. & Askew R.R. (1992). Plant Galls. Slough: The Richmond Publishing Co. Ltd, 

99 pp. 

Rezende, U. C., Cardoso, J. C. F., Kuster, V. C., Gonçalves, L. A., & Oliveira, D. C. (2019). 

How the activity of natural enemies changes the structure and metabolism of the nutritive 

tissue in galls? Evidence from the Palaeomystella oligophaga (Lepidoptera)-Macairea radula 

(Metastomataceae) system. Protoplasma, 256, 669-677. 

Rezende U. C., Moreira, A. S. F. P., Kuster, V. P., Oliveira, D. C. (2018). Structural, 

histochemical and photosynthetic profiles of galls induced by Eugeniamyia dispar (Diptera: 

Cecidomyiidae) on the leaves of Eugenia uniflora (Myrtaceae). Revista de Biología Tropical, 

66, 1469 – 1480. 

Rhomberg, L., (1980). Causes of life history differences between the morphs of Pem-phigus 

populitransversus. J. N.Y. Entomological Society. 88, 106–112. 

Rohfritsch, O., Shorthouse, J. D. (1982). Insect galls, pp. 131-152. In: Kahl, G., and Schell, 

J, S., Molecular Biology of Plant Tumors. Academic press, 642 pp. 

Rohfritsch, O. (1992). Patterns in gall development, pp. 60-86. In: Shorthouse J.D. & 

Rohfritsch O., Edits. Biology of Insect-Induced Galls. Oxford: Oxford University Press, 285 

pp. 

Roskam, J.C. (1992). Evaluation of gall-inducing guild. Pp. 34-50. In: J.D. Shorthouse & O. 

Rohfritsch (eds.). Biology of insect induced Galls. Oxford University Press, Oxford. 285p. 

Sass, J. E. (1951). Botanical microtechnique. Iowa State College Press, Ames, Iowa. 

Shorthouse, J. D., Wool, D., & Raman, A. (2005). Gall inducing insects - Nature´s most 

sophisticated herbivores. Basic and Applied Ecology, 6, 407-411. 



Silva, A. F. M., Kuster, V. C., Rezende, U. C., and Oliveira, D. C. (2019). The early 

developmental stages of gall-inducing insects define final gall structural and histochemical 

profiles - The case of Bystracoccus mataybae galls on Matayba guianensis. Botany. 97, 427-

438. 

Stone, G.N. & Schrönrogge, K. (2003). The adaptive significance of insect gall morphology.  

Trends in Ecology & Evolution, 18, 512-577. 

Tabadkani, S. M., Allahyari, H., Farhoudi, F., Rahimi-Alangi, V., Mirkhalilzadeh, S. R., 

(2012). Effect of male densities on sex ratio variations of the predatory gall midge, 

Aphidoletes aphidimyza (Diptera: Cecidomyiidae). Arthropods, 1, 94-100. 

Ullrich C.I., Aloni R. (2000). Vascularization is a general requirement for growth of plant 

and animal tumours. Journal of Experimental Botany, 51, 1951–1960. 

Wool, D., Burstein, M., (1991). A galling aphid with extra life-cycle complexity: population 

ecology and evolutionary considerations. Researches on Population Ecology, 33, 307–322. 

Yukawa, J., Nakagawa, K., Saigou, T., Awa, T., Fukuda, T., and Higashi, M. (2013). Adult 

behavior of an ambrosia gall midgeIlliciomyia yukawai (Diptera: Cecidomyiidae) and 

synchronization between its emergence and host plant phenology. Entomological Science, 

16, 400-412 

 

 

 

 

 

 

 

 

 



Figure Captions 

Figure 1: Galls from both morphotypes. Galls induced by Lopesia mataybae in leaves of 

Matayba guianensis are divergent in size and thickness, even when occurring in the same 

leaf (A). These differences are reflexes of the galling insect's sexual dimorphisms. The galls 

occupied by females (B) are bigger and thicker laterally than those occupied by males (C). 

(PP) Pupae, (CCL) “Coccon-like” Structure, (VL) “Vessel-like” Structure. Scale bar: 2mm. 

 

Figure 2: Anatomical structure of both galls induced by Lopesia mataybae. (A) 

(B)lignification region above the “coccon” like larval chamber, giving a harder aspect for 

both galls. (C, E) Female gall; (C) Female’s base smaller, but expanding in thickness around 

the larval chamber; (E) Cortex cells resulted from hypertrophy and hyperplasia, with the 

presence of vascular bundles; (D, F) Male gall; (D) Male’s base is the bigger part, containing 

more cell layers, the regions around the larval chamber is thinner; (F) Cortex cells with 

presence of vascular bundles. (VB) Vascular Bubdles, (SP) Spongy Parenchyma, (TNC) 

Typical Nutritive Tissue, (ST) Storage Tissue, (LC) Larval Chamber, (SC) Sclerenchyma, 

(AEP) Adaxial Epidermis. 

 

Figure 3: Histochemical analysis of Starch and reducing sugars. (A) Presence of starch 

in the storage tissue; (B) Presence of reducing sugar in larval chamber cells and in some 

regions of the base. (BLR) Base’s Lateral Region, (TNC) Typical nutritive tissue. 
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