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Abstract

The chorionic structure of sixteen pentatomid species is described. Morphological patterns in different taxonomic levels
are discussed. In addition, egg characters useful in cladistic analyses are listed, and some of those characters are tested for
congruence with two cladistic analyses previously conducted within Pentatomidae. Descriptive studies were conducted
with Banasa induta, Capivaccius bufo, Catulona pensa, Chinavia armigera, Chinavia aseada, Chinavia brasicola, Chi-
navia runaspis, Dichelops furcatus, Euschistus heros, Euschistus riograndensis, Euschistus paranticus, Mormidea corni-
collis, Podisus distinctus, Podisus nigrispinus, Serdia apicicornis, and Thoreyella maracaja. The eggs were examined and
photographed under light and scanning electron microscopy. Based on literature data, a list of 40 egg characters with po-
tential phylogenetic importance has been compiled. Some of these characters were included in the cladistic analyses of
the genus Nezara (six characters) and of the Chinavia obstinata group (five characters). Both analyses were performed in
TNT with equal weighting of characters. The eggs of most of the Neotropical species studied were barrel-shaped, chorion
translucent and spinose, with aero-micropylar processes that were short and clubbed. The patterns of egg morphology
could be identified in Carpocorini, Procleticini, and in the genera Banasa, Chinavia, Euschistus, Mormidea, and Podisus.
In the cladistic analyses, the inclusion of egg characters did not affect the topology of the trees shown in the original pa-
pers. For the analyses, the egg characters were somewhat informative. At present, a total of 286 Pentatomidae species have
their egg stage described.
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Introduction

The importance of egg structure in defining the status and relationships among heteropteran groups has long been
recognized. In the Pentatomoidea, patterns of egg morphology have been identified at different levels (Leston
1955; Southwood 1956; Cobben 1968; Javahery 1994; Matesco et al. 2009, 2012). The egg stage has been rarely
used in cladistic analyses, although its importance has been widely emphasized. Egg characters usually support
groups at high taxonomic levels (Hasan & Kitching 1993; Wheeler et al. 1993; Henry 1997; Grazia et al. 2008).
The most important list of characters for the eggs of the Pentatomoidea is shown by Javahery (1994), who
attempted to conduct a phylogenetic analysis of genera based on the egg stage. The matrix sums 22 characters for
23 pentatomoid genera, with an aim of identifying the characters with phylogenetic value and separating them from
characters that are temporary adaptations to a specific environment. Because of several methodological problems
in Javahery’s analysis (e.g., non-independence of characters, absence of an outgroup and obscure computational
analysis), his results are often overlooked despite their relevance to the contribution of the egg stage in
phylogenetic studies.
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Prevosti and Chemisquy (2010) demonstrated that distribution of missing data in most matrices is not random
but instead concentrated on some characters, taxa, or both, as would be expected due to the combination of
different sources of phylogenetic characters in different taxon sampling. They concluded that the concentration of
the missing entries in a few characters (the “character bias,” as observed in our matrices, instead of the “taxa bias”
or the “block bias™) produced the least detrimental effect in recovering relationships. In this sense, the inclusion of
more characters could make the matrices more robust against the missing data problem. Therefore, it is unwise to
exclude characters prior to the analysis because they have missing cells.

On the other hand, minimization of missing data for egg characters in future analyses could be achieved by
either choosing the terminals based on the availability of information on the egg stage or preferably by applying
efforts to obtain the eggs of terminal species. The latter alternative can be accomplished even by dissecting the
abdomen of dry conserved females prior to immersion in KOH for preparation of the genitalia.

Detail descriptions of pentatomid eggs with the use of SEM are still needed. The phylogenetic information
contained in the egg stage can only be unraveled by testing the characters suggested here and others for congruence
with other sets of morphological and molecular characters in a cladistic framework.

Acknowledgements

We are grateful to Jovenil José da Silva (EMBRAPA Soja, Londrina, PR, Brazil) for providing the eggs of two
pentatomid species; to Drs. Carl Schaefer, David Redei, and Petr Kment for providing literature; to Dr. Augusto
Ferrari for assistance in the analyses; to Dr. Jitka Vilimova for the valuable criticism in the first version of the
manuscript; to CME/UFRGS for the facilities for obtaining the SEM images; and to CAPES and CNPq for the
fellowships granted to the authors.

References

Benedek, P. (1968) On the Eurydema species in Hungary VIII. The eggs of Eurydemae [sic] (Heteroptera, Pentatomidae).
Zeitschrift fiir Angewandte Entomologie, 61, 113—118.
http://dx.doi.org/10.1111/j.1439-0418.1968.tb03881.x

Bernardes, J.L.C., Grazia, J., Barcellos, A. & Salom&o, A.T. (2005) Descrigdo dos estagios imaturos e notas sobre a biologia de
Phloea subquadrata (Heteroptera: Phloeidae). Theringia Série Zoologia, 95, 415-420.
http://dx.doi.org/10.1590/s0073-47212005000400012

Bianchi, F.M., Matesco, V.C., Campos, L.A. & Grazia, J. (2011) External morphology of the egg and the first and fifth instars
of Cyrtocoris egeris Packauskas & Schaefer (Hemiptera; Heteroptera; Pentatomidae; Cyrtocorinae). Zootaxa, 2991, 29—
34.

Biasotto, L.D., Bianchi, F.M. & Campos, L.A. (2013) Morphology of immatures of Euschistus (Mitripus) grandis (Insecta:
Hemiptera: Pentatomidae). Zoologia, 30, 346—352.
http://dx.doi.org/10.1590/s1984-46702013000300015

Brailovsky, H., Cervantes, L. & Mayorga, C. (1988) Hemiptera-Heteroptera de Mexico XL: la familia Cyrtocoridae Distant en
la Estacion de Biologia Tropical “Los Tuxtlas” (Pentatomoidea). Anales del Instituto de Biologia Serie Zoologia, 58, 537—
560.

Brailovsky, H., Cervantes, L. & Mayorga, C. (1992) Hemiptera: Heteroptera de México XLIV — Biologia, estadios ninfales y
fenologia de la tribu Pentatomini (Pentatomidae) en la Estacion de Biologia Tropical “Los Tuxtlas”, Veracruz. UNAM,
Meéxico (Publicaciones Especiales n° 8), 204 pp.

Bundy, C.S. & McPherson, J.E. (1997) Life history and laboratory rearing of Corimelaena obscura (Heteroptera:
Thyreocoridae) with descriptions of immature stages. Annals of the Entomological Society of America, 90, 20-27.

Bundy, C.S. & McPherson, R.M. (2000) Morphological examination of stink bug (Heteroptera: Pentatomidae) eggs on cotton
and soybeans, with a key to genera. Annals of the Entomological Society of America, 93, 616—624.
http://dx.doi.org/10.1603/0013-8746(2000)093[0616:meosbh]2.0.co;2

Bundy, C.S. & McPherson, J.E. (2011) Life history and laboratory rearing of Mecidea minor (Hemiptera: Heteroptera:
Pentatomidae), with descriptions of immature stages. Annals of the Entomological Society of America, 104, 605-612.
http://dx.doi.org/10.1603/an10174

Campos, L.A., Grazia, J., Garbelotto, T.A., Bianchi, F.M. & Lanzarini, N.C. (2010) A new South American species of Banasa
Stél (Hemiptera: Heteroptera: Pentatomidae: Pentatominae): from egg to adult. Zootaxa, 2559, 47-57.

Candan, S. (1998) Piezodorus lituratus (F.) (Heteroptera: Pentatomidae) yumurtalarinin dis morfolojisi. Tiirkiye Entomoloji
Dergisi, 22, 307-313.

EGG STRUCTURE OF THE PENTATOMIDAE Zootaxa 3768 (3) © 2014 Magnolia Press - 381


http://dx.doi.org/10.1603/0013-8746(2000)093[0616:meosbh]2.0.co;2
http://dx.doi.org/10.1603/0013-8746(2000)093[0616:meosbh]2.0.co;2
http://dx.doi.o
http://dx.doi.o
http://dx.doi.org/10.1590/s0073-47212005000400012
http://dx.doi.org/10.1590/s0073-47212005000400012
http://dx.doi.org/10.1590/s1984-46702013000300015
http://dx.doi.org/10.1590/s1984-46702013000300015
http://dx.doi.org/10.1603/0013-8746%282000%29093%5b0616:meosbh%5d2.0.co;2
http://dx.doi.org/10.1603/0013-8746%282000%29093%5b0616:meosbh%5d2.0.co;2
http://dx.doi.org/10.1603/an10174
http://dx.doi.org/10.1603/an10174
http://dx.doi.org/10.1603/0013-8746(2000)093[0616:meosbh]2.0.co;2

Candan, S. & Suludere, Z. (1999a) External morphology of eggs of Carpocoris pudicus (Poda, 1761) (Heteroptera:
Pentatomidae). Journal of the Entomological Research Society, 1, 21-26.

Candan, S. & Suludere, Z. (1999b) Chorionic structure of Graphosoma lineatum (Linneaus, 1758). Journal of the
Entomological Research Society, 1, 1-7.

Candan, S. & Suludere, Z. (2000) External morphology of eggs of Carpocoris fuscispinus (Boheman, 1851) (Heteroptera,
Pentatomidae). Journal of the Institute of Science and Technology, 13, 485-491.

Candan, S. & Suludere, Z. (2001) Rhaphigaster nebulosa (Poda, 1761) (Heteroptera: Pentatomidae)'nin normal ve parazitli
yumurtalarinin koryonik yapisi. [Chorionic structure of eggs with parasites and normal of Rhaphigaster nebulosa (Poda,
1761) (Heteroptera: Pentatomidae)]. Tiirkive Entomoloji Dergisi, 25, 41-48.

Candan, S. & Suludere, Z. (2003) Scanning electron microscope studies of the eggs of Psacasta exanthematica Scopoli, 1763
(Hemiptera: Heteroptera: Scutelleridae). Polskie Pismo Entomologiczne, 72, 241-247.

Candan, S. & Suludere, Z. (2006) Chorion morphology of eggs of Aelia albovittata Fieber, 1868 and Aelia rostrata Boheman,
1852 (Heteroptera: Pentatomidae). Journal of the Entomological Research Society, 8, 61-71.

Candan, S. & Suludere, Z. (2010) Apodiphus amygdali (Germar, 1817) (Heteroptera: Pentatomidae) yumurtalarinin yiizey
morfolojisi. Tiirkive Entomoloji Dergisi, 34, 67-74.

Candan, S., Suludere, Z. & Kiyak, S. (2001) External morphology of eggs of Codophila varia (Fabricius, 1787) (Heteroptera:
Pentatomidae). Journal of the Entomological Research Society, 3, 33-39.

Candan, S., Suludere, Z. & Acikgéz, F. (2005) Chorion morphology of eggs of the North American stink bug Euschistus
variolarius (Palisot de Beauvois, 1817) (Hemiptera: Pentatomidae): a scanning electron microscopy study. Entomological
News, 116, 177-182.

Candan, S., Suludere, Z. & Erbey, M. (2007) Morphology of eggs and spermatheca of Odontotarsus purpureolineatus
(Heteroptera, Scutelleridae). Biologia, Bratislava, 62, 763—769.
http://dx.doi.org/10.2478/s11756-007-0137-x

Candan, S., Suludere, Z. & Giilli, M. (2011) Description of spermatheca and eggs of Eurygaster austriaca (Schrank, 1778)
(Heteroptera: Scutelleridae), based on optical and scanning electron microscopy. Turkish Journal of Zoology, 35, 653—662.

Candan, S., Suludere, Z., Erbey, M. & Yilmaz, F.S. (2012) Morphology of spermatheca and eggs of Coptosoma putoni
Montandon, 1898 (Hemiptera: Plataspidae). Tiirkiye Entomoloji Dergisi, 36, 321-333.

Cervantes, L.P. (2013) Life cycle and geographic variation of Pharypia nitidiventris (Stal) (Hemiptera: Heteroptera:
Pentatomidae: Pentatomini). Deutsche Entomologische Zeitschrift, 60, 25-32.

Cobben, R.H. (1968) Evolutionary trends in Heteroptera. Part I Eggs, architecture of the shell, gross embryology and eclosion.
Agricultural Research Reports 707, Wageningen, 475 pp.

Costello, S.L., Pratt, P.D., Rayachhetry, M.B. & Center, T.D. (2002) Morphology and life history characteristics of Podisus
mucronatus (Heteroptera: Pentatomidae). The Florida Entomologist, 85, 344-350.
http://dx.doi.org/10.1653/0015-4040(2002)085[0344:malhco]2.0.co;2

Davidova-Vilimova, J. (1987) The eggs of two Coptosoma species, with a review of the eggs of the Plataspidae (Heteroptera).
Acta Entomologica Bohemoslovaca, 84, 254-260.

DeCoursey, R.M. (1963) The life histories of Banasa dimidiata and Banasa calva (Hemiptera: Pentatomidae). Annals of the
Entomological Society of America, 56, 687-693.

Esselbaugh, C.O. (1946) A study of the eggs of the Pentatomidae. Annals of the Entomological Society of America, 39, 667—
691.

Ferrari, A., Schwertner, C.F. & Grazia, J. (2010) Review, cladistic analysis and biogeography of Nezara Amyot & Serville
(Hemiptera: Pentatomidae). Zootaxa, 2424, 1-41.

Genevcius, B.C., Grazia, J. & Schwertner, C.F. (2012) Cladistic analysis and revision of the obstinata group, genus Chinavia
Orian (Hemiptera: Pentatomidae). Zootaxa, 3434, 1-30.

Gilio-Dias, S.M.C., Campos, L.A. & Bianchi, F.M. (2013) Morphology of immatures of Caonabo pseudoscylax (Bergroth)
(Hemiptera: Heteroptera: Pentatomidae). Neotropical Entomology, 42, 178—184.
http://dx.doi.org/10.1007/s13744-013-0110-z

Gillon, D. (1972) Les Hémipteres Pentatomides d'une savane préforestiere de Cote-d'Ivoire. Annales de I’'Université d’Abidjan
Série E: Ecologie, 5,265-371.

Goloboff, P., Farris, J. & Nixon, K. (2003) T.N.T. Tree Analysis Using New Technology. Program and documentation.
Available from: http://www.zmuc.dk/public/phylogeny/tnt (accessed 1 May 2013)

Goloboff, P.A., Mattoni, C.I. & Quinteros, A.S. (2006) Continuous characters analyzed as such. Cladistics, 22, 589-601.
http://dx.doi.org/10.1111/j.1096-0031.2006.00122.x

Grazia, J., Vecchio, M.C.del, Teradaira, C.T. & Ramiro, Z.A. (1982) Estudo das ninfas de pentatomideos (Heteroptera) que
vivem sobre soja [Glycine max (L.) Merril]: 11 - Dichelops (Neodichelops) furcatus (Fabricius, 1775). Anais do II
Semindrio Nacional de Pesquisa de Soja. Londrina, pp. 92—103.

Grazia, J., Vecchio, M.C.del & Hildebrand, R. (1985) Estudo das ninfas de heterdpteros predadores: [ — Podisus connexivus
Bergroth, 1891 (Pentatomidae, Asopinae). Anais da Sociedade Entomolégica do Brasil, 14, 303-313.

Grazia, J., Schuh, R.T. & Wheeler, W.C. (2008) Phylogenetic relationships of family groups in Pentatomoidea based on
morphology and DNA sequences (Insecta: Heteroptera). Cladistics, 24, 932-976.
http://dx.doi.org/10.1111/1.1096-0031.2008.00224.x

382 - Zootaxa 3768 (3) © 2014 Magnolia Press MATESCO ET AL.


http://dx.doi.org/10.1653/0015-4040(2002)085[0344:malhco]2.0.co;2
http://dx.doi.org/10.2478/s11756-007-0137-x
http://dx.doi.org/10.2478/s11756-007-0137-x
http://dx.doi.org/10.1653/0015-4040%282002%29085%5b0344:malhco%5d2.0.co;2
http://dx.doi.org/10.1653/0015-4040%282002%29085%5b0344:malhco%5d2.0.co;2
http://dx.doi.org/10.1007/s13744-013-0110-z
http://dx.doi.org/10.1007/s13744-013-0110-z
http://dx.doi.org/10.1111/j.1096-0031.2006.00122.x
http://dx.doi.org/10.1111/j.1096-0031.2006.00122.x
http://dx.doi.org/10.1111/j.1096-0031.2008.00224.x
http://dx.doi.org/10.1111/j.1096-0031.2008.00224.x
http://dx.doi.org/10.1653/0015-4040(2002)085[0344:malhco]2.0.co;2

Hasan, S.A. & Kitching, 1.J. (1993) A cladistic analysis of the tribes of Pentatomidae (Heteroptera). Japanese Journal of
Entomology, 61, 661-669.

Heidemann, O. (1911) Some remarks on the eggs of North American species of Hemiptera-Heteroptera. Proceedings of the
Entomological Society of Washington, 13, 128—140.

Henry, T.J. (1997) Phylogenetic analysis of family groups within the Infraorder Pentatomomorpha (Hemiptera: Heteroptera)
with emphasis on the Lygaeoidea. Annals of the Entomological Society of America, 90, 275-301.

Hinton, H.E. (1981) Biology of insect eggs. Pergamon Press, New York, 1125 pp.

Hoffmann, W.E. (1931) The life history of Rhynchocoris humeralis Thunb. (Hemiptera, Pentatomidae). Lingnan Science
Journal, 7, 817-819.

Isakov, Y. M. 1990. Preimaginal stages and life cycle of Cellobius abdominalis (Heteroptera, Pentatomidae) in southern Central
Asia (USSR). Vestnik Zoologii, 1990, 59-61.

Isakov, Y.M. (1993) Preimaginal stages of Apodiphus integriceps (Heteroptera, Pentatomidae) in Central Asia. Vestnik
Zoologii, 1993, 83-86.

Isakov, Y.M. (2000a) Preimaginal stages of Antheminia pusio (Heteroptera, Pentatomidae) and peculiarities of its bionomics in
Middle Asia. Vestnik Zoologii, 14, 49-55.

Isakov, Y.M. (2000b) Notes on the taxonomy and bionomics of Stagonomus bipunctatus (Heteroptera, Pentatomidae). Vestnik
Zoologii, 34, 83-88.

Isakov, Y.M. (2001) Description of preimaginal stages of two species of the genus Sciocoris (Heteroptera, Pentatomidae) in the
south and central Asia. Vestnik Zoologii, 35, 79-87.

Isakov, Y.M. (2002) Eggs and larvae of Brachynema germari (Heteroptera, Pentatomidae) in Central Asia. Vestnik Zoologii, 36,
89-94.

Isakov, Y.M. (2004) First records of the pentatomid bug Mecidea lindbergi from Turkmenistan, with description of preimaginal
stages. Vestnik Zoologii, 38, 89-92.

Javahery, M. (1994) Development of eggs in some true bugs (Hemiptera-Heteroptera). Part I. Pentatomoidea. The Canadian
Entomologist, 126, 401-433.

Katsura, K. & Miyatake, Y. (1993) The developmental stages and distribution of Alcimocoris japonensis with notes on life
history (Hemiptera: Pentatomidae). Bulletin of the Osaka Museum of Natural History, 47, 37—44.

Kobayashi, T. (1951) The developmental stages of four species of the Japanese Pentatomidae (Hemiptera). Transactions of the
Shikoku Entomological Society, 2, 7-16.

Kobayashi, T. (1953) The developmental stages of six species of the Japanese Pentatomoidea (Hemiptera). Scientific Reports of
Matsuyama Agricultural College, 11, 73-79.

Kobayashi, T. (1954) The developmental stages of some species of the Japanese Pentatomoidea (Hemiptera), I1I. Transactions
of the Shikoku Entomological Society, 4, 63—68.

Kobayashi, T. (1955) The developmental stages of some species of the Japanese Pentatomoidea (Hemiptera), IV. Transactions
of the Shikoku Entomological Society, 4, 79-82.

Kobayashi, T. (1956) The developmental stages of some species of the Japanese Pentatomoidea (Hemiptera), V. Transactions
of the Shikoku Entomological Society, 4, 120—130.

Kobayashi, T. (1958) The developmental stages of some species of the Japanese Pentatomoidea (Hemiptera), VI. Transactions
of the Shikoku Entomological Society, 5, 121-132.

Kobayashi, T. (1959) The developmental stages of some species of the Japanese Pentatomoidea (Hemiptera) VII.
Developmental stages of Nezara and its allied genera (Pentatomidae s. str.). Japanese Journal of Applied Entomology and
Zoology, 3, 221-231.

Kobayashi, T. (1960a) The developmental stages of some species of the Japanese Pentatomoidea (Hemiptera). 1X.
Developmental stages of Lagynotomus, Aelia, and their allied genera (Pentatomidae s. str.). Japanese Journal of Applied
Entomology and Zoology, 3, 11-19.

Kobayashi, T. (1960b) The developmental stages of some species of the Japanese Pentatomoidea (Hemiptera). X.
Developmental stages of Eysarcoris and its allied genera. Japanese Journal of Applied Entomology and Zoology, 4, 83-95.

Kobayashi, T. (1963) The developmental stages of some species of the Japanese Pentatomoidea (Hemiptera) XI.
Developmental stages of Scotinophara (Pentatomidae). Japanese Journal of Applied Entomology and Zoology, 7, 70-78.

Kobayashi, T. (1964) Developmental stages of Geotomus pygmaeus (Dallas) and Sehirus niveimarginatus (Scott) (Cydnidae).
Kontyu, 32, 21-27.

Kobayashi, T. (1965a) The developmental stages of some species of the Japanese Pentatomoidea (Hemiptera). XIV.
Developmental stages of Graphosoma and its allied genera of Japan (Pentatomidae). Japanese Journal of Applied
Entomology and Zoology, 9, 34—41.

Kobayashi, T. (1965b) Developmental stages of Brachynema and its allied genus of Japan (Pentatomidae) (The developmental
stages of some species of the Japanese Pentatomoidea XV). Kontyu, 33, 304-309.

Kobayashi, T. (1965¢c) Developmental stages of Urochela and an allied genus of Japan (Hemiptera: Urostylidae). Transactions
of the Shikoku Entomological Society, 8, 94—104.

Kobayashi, T. (1967) The developmental stages of some species of the Japanese Pentatomoidea (Hemiptera) XVI.
Homalogonia and an allied genus of Japan (Pentatomidae). Applied Entomology and Zoology, 2, 1-8.

Kobayashi, T. (1994) Developmental stages of Glaucias and its allied genera of Japan (Hemiptera: Pentatomidae) (the

EGG STRUCTURE OF THE PENTATOMIDAE Zootaxa 3768 (3) © 2014 Magnolia Press - 383



developmental stages of some species of the japanese Pentatomoidea, XVIII). Transactions of the Shikoku Entomological
Society, 20, 197-205.

Kumar, V., Morrison, M.N., Babu, A.M. & Thiagarajan, V. (2002) Egg shell architecture of the stink bug, Eocanthecona
Sfurcellata (Wolft.): ultrastructure of micropylar processes and egg burster. /nsect Science and its Application, 22, 67-74.

Lambdin, P.L. & Lu, G.Q. (1984) External morphology of eggs of the spined soldier bug, Podisus maculiventris (Say)
(Hemiptera: Pentatomidae). Proceedings of the Entomological Society of Washington, 86, 374-377.

Leston, D. (1955) Notes on the Ethiopian Pentatomoidea (Hem.): XVIII, the eggs of three Nigerian shielbugs, with a tentative
summary of egg forms in Pentatomoidea. Entomologist’s Monthly Magaczine, 91, 33-36.

Llosa, J.F., Couturier, G. & Kahn, F. (1990) Notes on the ecology of Lincus spurcus and L. malevolus (Heteroptera:
Pentatomidae: Discocephalinae) on Palmae in forests of peruvian Amazonia. Annales de la Société Entomologique de
France, 26, 249-254.

Lodos, N. (1964) Ege bolgesinde muhtelif bitkilerde tesadiif edilen Pentatomidae (Hemiptera-Heteroptera) familyasina ba—Ii
bazi tiirlerin yumurtalari iizerinde arastirmalar. Ege Universitesi Ziraat Fakiiltesi Dergisi, A1, 17-37.

Lopez, O.M. & Cervantes, L.P. (2010) Life histories of Ramosiana insignis (Blanchard) and Vulsirea violacea (F.) (Hemiptera-
Heteroptera: Pentatomidae), with description of immature stages. Proceedings of the Entomological Society of
Washington, 112, 81-96.
http://dx.doi.org/10.4289/0013-8797-112.1.81

Margaritis, L.H. (1985) Structure and physiology of the eggshell. /n: Kerkut, GA. & Gilbert, L.1. (Eds.), Comprehensive Insect
Physiology, Biochemistry and Pharmacology. Pergamon Press, Oxford, pp. 153-230.

Martins, F.J.M., Vecchio, M.C.del. & Grazia, J. (1986) Estudo das ninfas de pentatomideos (Heteroptera) que vivem sobre
arroz (Oryza sativa L.): 1 - Mormidea quinqueluteum (Lichtenstein, 1796). Anais da Sociedade Entomolégica do Brasil,
15, 349-359.

Martins, F.S. & Campos, L.A. (2006) Morfologia e biologia dos imaturos de Euschistus hansi (Hemiptera, Heteroptera,
Pentatomidae). lheringia Série Zoologia, 96, 213-218.
http://dx.doi.org/10.1590/s0073-47212006000200012

Matesco, V.C., Fortes, N.D.F. & Grazia, J. (2003) Imaturos de pentatomideos (Hemiptera, Heteroptera): morfologia e biologia
de Acrosternum obstinatum. lheringia Série Zoologia, 93, 81-88.
http://dx.doi.org/10.1590/s0073-47212003000100009

Matesco, V.C., Schwertner, C.F. & Grazia, J. (2007) Descrigdo dos estagios imaturos e biologia de Chinavia pengue
(Hemiptera, Pentatomidae). Revista Brasileira de Entomologia, 51, 93—100.
http://dx.doi.org/10.1590/s0085-56262007000100016

Matesco, V.C., Schwertner, C.F. & Grazia, J. (2008) Immature stages of Chinavia musiva (Berg, 1878): a unique pattern in the
morphology of Chinavia Orian, 1965 (Hemiptera, Pentatomidae). Journal of Natural History, 42, 1749-1763.
http://dx.doi.org/10.1080/00222930802124297

Matesco, V.C., Fiirstenau, B.B.R.J., Bernardes, J.L.C., Schwertner, C.F. & Grazia, J. (2009) Morphological features of the eggs
of Pentatomidae (Hemiptera: Heteroptera). Zootaxa, 1984, 1-30.

Matesco, V.C., Bianchi, F.M., Campos, L.A. & Grazia, J. (2012) Egg ultrastructure of two species of Galgupha Amyot &
Serville, with a discussion of the eggs and oviposition patterns of thyreocorid and allied groups (Hemiptera: Heteroptera:
Pentatomoidea: Thyreocoridae). Zootaxa, 3247, 43-51.

McPherson, J.E. & Paskewitz, S.M. (1984) Life history and laboratory rearing of FEuschistus ictericus (Hemiptera:
Pentatomidae), with descriptions of immature stages. Journal of the New York Entomological Society, 92, 53—60.

Miller, N.C.E. (1934) The developmental stages of some Malayan Rhynchota. Journal of the Federated Malay States
Museums, 17, 502-525.

Miller, N.C.E. (1971) The Biology of the Heteroptera. Leonard Hill Ltd., London, 206 pp.

Munyaneza, J. & McPherson, J.E. (1994) Comparative study of life histories, laboratory rearing, and immature stages of
Euschistus servus and Euschistus variolarius (Hemiptera: Pentatomidae). The Great Lakes Entomologist, 26, 263-274.

Oetting, R.D. & Yonke, T.R. (1971) Immature stages and biology of Podisus placidus and Stiretrus fimbriatus (Hemiptera:
Pentatomidae). The Canadian Entomologist, 103, 1505-1516.

Okamoto, H. (1942) On the breeding and observations of Dinorhynchus dybowskyi Jakovlev. The Entomological World, 10,
247-258.

Panizzi, A.R. & Grazia, J. (2001) Stink bugs (Heteroptera, Pentatomidae) and an unique host plant in the brazilian subtropics.
lheringia Série Zoologia, 90, 21-35.
http://dx.doi.org/10.1590/s0073-47212001000100003

Pollo, P., Greve, C., Matesco, V.C. & Grazia, J. (2012) Description of the immature stages of Glyphepomis spinosa Campos &
Grazia (Hemiptera: Pentatomidae: Carpocorini). Zootaxa, 3566, 61-68.

Prevosti, F.J. & Chemisquy, M.A. (2010) The impact of missing data on real morphological phylogenies: influence of the
number and distribution of missing entries. Cladistics, 26, 326-339.
http://dx.doi.org/10.1111/1.1096-0031.2009.00289.x

Putshkova, L.V. (1961) The eggs of Hemiptera-Heteroptera: VI - Pentatomoidea, 2. Pentatomidae and Plataspidae.
Entomologicheskoye Obozreniye, 40, 131-143.

Ren, S.-Z. (1992) An Iconography of Hemiptera-Heteroptera Eggs in China. Science Publ. Co, 118 pp.

384 - Zootaxa 3768 (3) © 2014 Magnolia Press MATESCO ET AL.


http://dx.doi.org/10.4289/0013-8797-112.1.81
http://dx.doi.org/10.4289/0013-8797-112.1.81
http://dx.doi.org/10.1590/s0073-47212006000200012
http://dx.doi.org/10.1590/s0073-47212006000200012
http://dx.doi.org/10.1590/s0073-47212003000100009
http://dx.doi.org/10.1590/s0073-47212003000100009
http://dx.doi.org/10.1590/s0085-56262007000100016
http://dx.doi.org/10.1590/s0085-56262007000100016
http://dx.doi.org/10.1080/00222930802124297
http://dx.doi.org/10.1080/00222930802124297
http://dx.doi.org/10.1590/s0073-47212001000100003
http://dx.doi.org/10.1590/s0073-47212001000100003
http://dx.doi.org/10.1111/j.1096-0031.2009.00289.x
http://dx.doi.org/10.1111/j.1096-0031.2009.00289.x

Ren, S.-Z., Guo, S.-H. & Zhou, X.-D. (1990) Scanning electron microscope observation on egg-bursters of terrestrial
Heteroptera. Acta Entomologica Sinica, 33, 189—-192.

Rider, D.A. (2013) Pentatomoidea Home Page. North Dakota State University. Available from: http://www.ndsu.nodak.edu/
ndsu/rider/Pentatomoidea/ (accessed 14 August 2013)

Rieger, C. (2000) Eine zucht Von Pinthaeus sanguinipes (Fabricius, 1787) (Heteroptera, Pentatomidae, Asopinae). Carolinea,
58, 203-206.

Rizzo, H.F. (1968) Aspectos morfologicos y biologicos de Nezara viridula (L.) (Heteroptera: Pentatomidae). Agronomia
Tropical, 18, 249-274.

Rizzo, H.F. (1976) Hemipteros de interés agricola. Chinches perjudiciales y chinches benéficas para los cultivos. Editorial
Hemisferio Sur, Buenos Aires, 69 pp.

Sa, V.G.M.de, Zanuncio, J.C., Soares, M.A., Rosa, C.S. & Serrdo, J.E. (2013) Morphology and postdepositional dynamics of
eggs of the predator Podisus distinctus (Stal) (Heteroptera: Pentatomidae: Asopinae). Zootaxa, 3641, 282-288.
http://dx.doi.org/10.11646/zootaxa.3641.3.7

Saini, E.D. (1984) Identificacion de los huevos de pentatomidos (Heteroptera) encontrados en cultivos de soja. /dia, (425—428),
79-84.

Saini, E.D. (1994) Aspectos morfologicos y biologicos de Podisus connexivus Bergroth (Heteroptera: Pentatomidae). Revista
de la Sociedad Entomdlogica Argentina, 53, 35—42.

Sereno, P.C. (2007) Logical basis for morphological characters in phylogenetics. Cladistics, 23, 565-587.

Southwood, T.R.E. (1956) The structure of the eggs of the terrestrial Heteroptera and its relationship to the classification of the
group. Transactions of the Royal Entomological Society of London, 108, 163-221.

Suludere, Z., Candan, S. & Kalender, Y. (1999) Chorionic sculpturing in eggs of six species of Eurydema (Heteroptera,
Pentatomidae): a scanning electron microscope investigation. Journal of the Entomological Research Society, 1, 27-56.

Tallamy, D.W. & Schaefer, C. (1997) Maternal care in the Hemiptera: ancestry, alternatives, and current adaptive value. /n.
Choe, J.C. & Crespi, B.J. (Eds.), The Evolution of Social Behavior in Insects and Arachnids. Cambridge University Press,
New York, pp. 94-115.

Tsai, J., Rédei, D., Yeh, G. & Yang, M. (2011) Jewel bugs of Taiwan (Heteroptera: Scutelleridae). National Chung Hsing
University, Taichung, 309 pp.

Weber, M.A., Vecchio, M.C.del & Grazia, J. (1988) Estudo dos imaturos de pentatomideos (Heteroptera) que vivem sobre arroz
(Oryza sativa L.): 11 - Mormidea notulifera Stél, 1860. Anais da Sociedade Entomoldgica do Brasil, 17, 161-173.

Wheeler, W.C., Schuh, R.T. & Bang, R. (1993) Cladistic relationships among higher groups of Heteroptera: congruence
between morphological and molecular data sets. Entomologica Scandinavica, 24, 121-137.

Whitmarsh, R.D. (1916) Life-history notes on Apateticus cynicus and maculiventris. Journal of Economic Entomology, 9, 51—
53.

Whitmarsh, R.D. (1917) The green soldier bug. Ohio Agricultural Experiment Station Bulletin, 310, 519-552.

Williams L.III, Coscarén, M.C., Dellapé, PM. & Roane T.M. (2005) The shield-backed bug, Pachycoris stallii: Description of
immature stages, effect of maternal care on nymphs, and notes on life history. Journal of Insect Science, 5 (29), 1-13.
Wolf, K.W. & Reid, W. (2001) Egg morphology and hatching in Mormidea pictiventris (Hemiptera: Pentatomidae). Canadian
Journal of Zoology, 79, 726-736.
http://dx.doi.org/10.1139/z01-027

Wolf, K.W. & Reid, W. (2003) The wart-like chorion of Edessa bifida (Hemiptera: Pentatomidae). Journal of Submicroscopic
Cytology and Pathology, 35, 469—473.

Wolf, K.W. & Reid, W. (2004) Postdepositional dynamics of eggs of Podisus sagitta (Hemiptera: Pentatomidae: Asopinae). A
light and scanning electron microscopy study. Journal of the Entomological Research Society, 6, 1-11.

Wolf, K.W., Reid, W. & Rider, D.A. (2002) Eggs of the stink bug Acrosternum (Chinavia) marginatum (Hemiptera:
Pentatomidae): a scanning electron microscopy study. Journal of Submicroscopic Cytology and Pathology, 34, 143—149.

Wolf, K.W., Reid, W. & Schrauf, M. (2003) Optical illusions in scanning electron micrographs: the case of the eggshell of
Acrosternum (Chinavia) marginatum (Hemiptera: Pentatomidae). Micron, 34, 57-62.
http://dx.doi.org/10.1016/s0968-4328(02)00028-8

Zhang, S.-M. (1985) Economic insect fauna of China, Fascicle 31, Hemiptera (1). Science Press, Beijing, 242 pp.

EGG STRUCTURE OF THE PENTATOMIDAE Zootaxa 3768 (3) © 2014 Magnolia Press - 385


http://dx.doi.org/10.1016/s0968-4328(02)00028-8
http://www.ndsu.nodak.edu/ndsu/rider/Pentatomoidea/
http://dx.doi.org/10.11646/zootaxa.3641.3.7
http://dx.doi.org/10.11646/zootaxa.3641.3.7
http://dx.doi.org/10.1139/z01-027
http://dx.doi.org/10.1139/z01-027
http://dx.doi.org/10.1016/s0968-4328%2802%2900028-8
http://dx.doi.org/10.1016/s0968-4328%2802%2900028-8

	Abstract
	Introduction
	Material and methods
	Results
	Descriptive morphology
	Asopinae
	Podisus distinctus (Stål, 1860) and Podisus nigrispinus (Dallas, 1851)
	Discocephalinae
	Ochlerini
	Catulona pensa Rolston, 1992
	Pentatominae
	Carpocorini
	Dichelops (Diceraeus) furcatus (Fabricius, 1775)
	Euschistus (Euschistus) heros (Fabricius, 1798), Euschistus (Lycipta) riograndensis Weiler & Grazia, 2011, and Euschistus (Mitripus) paranticus Grazia, 1987
	Mormidea cornicollis Stål, 1860
	Nezarini
	Chinavia armigera (Stål, 1854), Chinavia aseada (Rolston, 1983), Chinavia brasicola (Rolston, 1983), Chinavia runaspis (Dallas, 1851)
	Pentatomini
	Banasa induta Stål, 1860
	Serdia apicicornis Stål, 1860
	Unplaced
	Capivaccius bufo Distant, 1893
	Search for characters of phylogenetic importance
	Analysis of Nezara
	Analysis of the Chinavia obstinata group
	Discussion
	Conclusions
	Acknowledgements
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice




