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Abstract

The phallus in Tettigoniidae (katydids) is a structure informative relative to the systematics of the group. Despite this, it 

is often not considered in descriptions of taxa. The lack of adequate descriptions of phalli is not only a gap for systematic 

and morphological studies, but postpones works on the evolution of copula. Here we study the exoskeletal morphology of 

the phallus in katydids, its components, and revised the terminology for them. We carried out dissections for morpholog-

ical comparisons, and complement the observational information with published data. We stained phalli of katydids with 

chlorazol black, to better contrast membranous versus sclerotized components. We demonstrate that phallic components 

vary at specific, generic and suprageneric levels, and that internal and external components vary in number, shape, size 

and position. Currently there is little comparative data to support hypotheses on the evolution of this structure, but possibly 

the possession of a titillator is an ancestral condition. We identify additional sclerotized components, the sclerites of the 

ventral fold of the dorsal lobe, which can modify the shape and function of the titillator, being also important for under-

standing the evolution of the phallus. Potential functional relationships based on hypothetical morphological correlations 

between the shape of titillator and cerci are proposed, categorized in three main groups: (i) phallus devoid of titillator and 

cerci simple, (ii) titillator with bifurcated or paired sclerites, and cerci adapted for grasping, and (iii) titillator with single 

process and/or sclerite and cerci simple, sometimes with a pointed tip. Two explanations for these hypothetical morpho-

logical correlations and morphological variation are proposed: first, species with similar structures at the postabdomen 

would share similar copulatory behaviour, and second, more than one selective pressure would have acted over the struc-

tures of the postabdomen.
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Introduction

Currently there are more than 7,000 described species of Tettigoniidae (katydids) in 19 subfamilies (Eades et al. 

2014). The family has been recognized as monophyletic, but its internal relationships are yet unsolved and some 

subfamilies and tribes have been considered paraphyletic or polyphyletic in phylogenetic analyses (e.g. Naskrecki 

2000; Jost & Shaw 2006; Mugleston et al. 2013). The number of species in the family has continuously grown. For 

instance in 2013 approximately 120 new species were described (after a search on Eades et al. 2014). And 

additionally to the unsolved phylogeny, the taxonomic positioning of several taxa are frequently discussed in 

literature (e.g. Arachnoscelis Karny, included in either Meconematinae or Listroscelidinae).

Descriptions of new Tettigoniidae species are based mostly on external morphological features, but sometimes 

acoustic (e.g. Morris et al. 1989; Walker et al. 2003; Montealegre-Z. et al. 2011), karyotypic (e.g. Rentz et al.

2007; Rentz et al. 2009; Rentz et al. 2010; Hemp et al. 2010a) or molecular data (e.g. Hemp et al. 2010b) are also 
Accepted by D. Rentz: 31 Mar. 2014; published: 13 Jun. 2014  151



References

Alexander, R.D. & Otte, D. (1967) The evolution of genitalia and mating behavior in crickets (Gryllidae) and other 
Orthoptera. Ann Arbor, University of Michigan, Miscellaneous Publications, No. 133, 62 pp.

Ander, K. (1956) Orthoptera Saltatoria. In: Tuxen, S.L. (Ed.), Taxonomist’s Glossary of Genitalia of Insects. Ejnar Munksgaard, 
Copenhagen, pp. 53–62.

Ander, K. (1970) Orthoptera Saltatoria. In: Tuxen, S.L. (Ed.), Taxonomist’s Glossary of Genitalia of Insects. Ejnar Munksgaard, 
Copenhagen, pp. 61–71.

Antunes-Carvalho, C. & Lopes-Andrade, C. (2013) Two Invaders Instead of One: The True Identity of Species under the Name 
Ceracis cucullatus Coleoptera: Ciidae). PLoS One, 8 (8), e72319. 
http://dx.doi.org/10.1371/journal.pone.0072319

Arnqvist, G. (1997) The evolution of animal genitalia: distinguishing between hypotheses by single species studies. Biological 
Journal of the Linnean Society, 60, 365–379. 
http://dx.doi.org/10.1111/j.1095-8312.1997.tb01501.x

Arnqvist, G. & Nilsson, T. (2000) The evolution of polyandry: multiple mating and female fitness in insects. Animal Behaviour, 
60, 145–164. 
http://dx.doi.org/10.1006/anbe.2000.1446

Béthoux, O. (2012) Grylloptera – a unique origin of the stridulatory file in katydids, crickets, and their kin (Archaeorthoptera). 
Arthropod Systematics & Phylogeny, 70, 43–68.

Boldyrev, B.T. (1928) Biological studies on Bradyporus multituberculatus F.W. (Orth., Tettig.). Revista Española de 
Entomología, 4, 13–56.

Bowen-Jones, E. (1994) A description of Arachnoscelis feroxnotha sp. nov. (Tettigoniidae: Listroscelidinae) from southwest 
Costa Rica. Journal of Orthoptera Research, 2, 47–48. 
http://dx.doi.org/10.2307/3503609

Braun, H. Chamorro-Rengifo, J. & Morris, G.K. (2009) Curious katydids from the Andes of Colombia and Ecuador: three new 
species, a new genus and acoustic baffles. Journal of Orthoptera Research, 18, 225–235.

Cadena-Castañeda, O. (2012) La tribu Viadaniini n. trib. (Orthoptera: Tettigoniidae): primer aporte a la organización supra-
genérica de los faneropterinos neotropicales. Journal of Orthoptera Research, 21, 25–43. 
http://dx.doi.org/10.1665/034.021.0102

Carayon, J. (1969) Emploi du noir du chlorazol en anatomie microscopique des insectes. Annales de la Societe Entomologique 
de France, 5, 179–193.

Chamorro-Rengifo, J. & Braun, H. (2010) The Tettigoniidae (Orthoptera) described by Salvador de Toledo Piza Jr. and 
deposited in the collection of the University of São Paulo, Escola Superior de Agricultura “Luiz de Queiroz”, Brazil. 
Zootaxa, 2635, 41–66.

Chamorro-Rengifo, J. & Lopes-Andrade, C. (2009) The first report of Rumea Desutter, 1988 (Orthoptera: Phalangopsidae: 
Paragryllini) from Brazil, with the description of three new Amazonian species. Zootaxa, 2265, 48–68.

Chopard, L. (1920) Recherches sur la conformation et le développement des derniers segments abdominaux chez les 
Orthoptères. Thèse de la Faculté des Sciences de Paris, Rennes, Imprimerie Oberthur, 352 pp. + 7 pls.

Chopard, L. (1949) Ordre des Orthoptères. In: Grassé, P.P. (Ed.), Traité de Zoologie. Masson, Paris, pp. 617–722.
Chopard, L. (1951) Faune de France 56: Orthopteroides. Lechevalier, Paris, 356 pp.
Çiplak, B. (2000) Systematics and phylogeny of Parapholidoptera (Orthoptera: Tettigoniidae: Tettigoniinae). Systematic 

Entomology, 25, 411–436. 
http://dx.doi.org/10.1111/j.1365-3113.2000.00112.x

Çiplak, B. (2004) Systematics, phylogeny and biogeography of Anterastes (Orthoptera, Tettigoniidae, Tettigoniinae): evolution 
within a refugium. Zoologica Scripta, 33, 19–44.

Çiplak, B., Heller, K.-G. & Willemse, F.M.H. (2009) Review of the genus Eupholidoptera (Orthoptera, Tettigoniidae): different 
genitalia, uniform song. Zootaxa, 2156, 1–77.

De Souza, L., Kasumovic, M., Judge K. & Morris, G. (2011) Communicating male size by tremulatory vibration in a 
Columbian rainforest katydid, Gnathoclita sodalis (Orthoptera, Tettigoniidae). Behaviour, 148, 341– 357. 
http://dx.doi.org/10.1163/000579511x559418

Desutter-Grandcolas, L. (2003) Phylogeny and the evolution of acoustic communication in extant Ensifera (Insecta, 
Orthoptera). Zoologica Scripta, 32, 525–561. 
http://dx.doi.org/10.1046/j.1463-6409.2003.00142.x

Duijm, M., Oudman, L. & Veldstra, B.G. (1983) Copulation in Ephippiger (Orthoptera, Tettigonioidea). Tijdschrift voor 
Entomologie, 126, 91–96.

Eades, D.C. (2000) Relationships of phallic structures of Acridomorpha (Orthoptera). Journal of Orthoptera Research, 9, 
181–210. 
http://dx.doi.org/10.2307/3503648

Eades, D.C., Otte, D., Cigliano, M.M. & Braun, H. 2014. Orthoptera Species File Online. Version 5.0/5.0. Available from: 
http://Orthoptera.SpeciesFile.org/ (accessed 2 April 2014)

Eberhard, W.G. (1985) Sexual Selection and Animal Genitalia. Cambridge Harvard University Press, New York, 244 pp.
CHAMORRO-RENGIFO & LOPES-ANDRADE 188  ·  Zootaxa 3815 (2)  © 2014 Magnolia Press

http://dx.doi.org/10.1665/034.021.0102
http://dx.doi.org/10.1665/034.021.0102
http://dx.doi.org/10.1163/000579511x559418
http://dx.doi.org/10.1163/000579511x559418
http://dx.doi.org/10.1371/journal.pone.0072319
http://dx.doi.org/10.1111/j.1095-8312.1997.tb01501.x
http://dx.doi.org/10.1111/j.1095-8312.1997.tb01501.x
http://dx.doi.org/10.1006/anbe.2000.1446
http://dx.doi.org/10.1006/anbe.2000.1446
http://dx.doi.org/10.1006/anbe.2000.1446
http://dx.doi.org/10.2307/3503609
http://dx.doi.org/10.2307/3503609
http://dx.doi.org/10.1046/j.1463-6409.2003.00142.x
http://dx.doi.org/10.1046/j.1463-6409.2003.00142.x
http://dx.doi.org/10.1111/j.1365-3113.2000.00112.x
http://dx.doi.org/10.1111/j.1365-3113.2000.00112.x
http://dx.doi.org/10.2307/3503648
http://dx.doi.org/10.2307/3503648
http://dx.doi.org/10.2307/3503648


Eberhard, W.G. (2004) Male-female conflicts and genitalia: failure to confirm predictions in insects and spiders. Biological 
Reviews, 79, 121–186.

Eberhard, W.G. (2006) Sexually antagonistic coevolution in insects is associated with only limited morphological diversity. 
Journal of Evolutionary Biology, 19, 657–681.

Eberhard, W.G. (2010) Rapid divergent evolution of genitalia. In: Leonard, J. & Cordoba, A. (Eds.), The Evolution of Primary 
Sexual Characters in Animals. Oxford University Press, USA, pp. 40–78.

Eberhard, W.G. (2011) Experiments with genitalia: a commentary. Trends in Ecology and Evolution, 26, 17–21.
Edvardsson, M. & Canal, D. (2006) The effects of copulation duration in the bruchid beetle Callosobruchus maculatus. 

Behavioral Ecology, 17, 430–434. 
http://dx.doi.org/10.1093/beheco/arj045

Emsley, M.G. (1970) A revision of the steirodontine katydids (Orthoptera: Tettigoniidae: Phaneroperinae: Steirodontini). 
Proceedings of the Academy of Natural Sciences, 122, 125–248.

Flook, P.K., Klee, S. & Rowell, C.H. (1999) Combined molecular phylogenetic analysis of the Orthoptera (Arthropoda, 
Insecta) and implications for their higher systematics. Systematic Biology, 48, 233–253.

Gerhardt, U. (1913) Copulation und Spermatophoren von Grylliden und Locustiden I. Zoologisch Jahrbücher, Abteilung für 
Systematik, Geographie und Biologie der Tiere, 35, 415–532. 
http://dx.doi.org/10.1111/j.1463-6395.1921.tb00488.x

Gerhardt, U. (1914) Copulation und Spermatophoren von Grylliden und Locustiden II. Zoologische Jahrbücher, Abteilung für 
Systematik, Geographie und Biologie der Tiere, 37, 1–64. 
http://dx.doi.org/10.1111/j.1463-6395.1921.tb00488.x

Gorochov, A.V. (1988) The classification and phylogeny of grasshoppers (Gryllida – Orthoptera, Tettigonioidea). In: 
Pomerenko, A. (Ed.), The Cretaceous Biocoenotic Crisis and the Evolution of Insects. Hayka, Moscow, pp. 145–190.

Gorochov, A.V. (1995) System and evolution of the suborder Ensifera (Orthoptera). Proceedings of the Zoological Institute, 
Russian Academy of Sciences, Parts I & II, 260, 3–224 & 3–212. [in Russian]

Gorochov, A.V. (2004) A new species of Stictophaula and corrected diagnoses for subspecies of S. spinosolaminata
(Orthoptera: Tettigoniidae: Phaneropterinae). Zoosystematica Rossica, 13, 32.

Gorochov, A.V. (2007) Notes on taxonomy of the subfamily Hexacentrinae with descriptions of some taxa (Orthoptera: 
Tettigoniidae). Zoosystematica Rossica, 16, 209–214.

Gorochov, A.V. & Kang, L. (2002) Review of the Chinese species of Ducetiini (Orthoptera: Tettigoniidae: Phaneropterinae). 
Insect Systematics and Evolution, 33, 337–360. 
http://dx.doi.org/10.1163/187631202x00190

Gwynne, D.T. (1982) Mate selection by female katydids (Orthoptera: Tettigoniidae, Conocephalus nigropleurum). Animal 
Behaviour, 30, 734–738. 
http://dx.doi.org/10.1016/s0003-3472(82)80145-0

Gwynne, D.T. (1990) The katydid spermatophore: evolution of a parental investment. In: Rentz, D.C. & Bailey, W. (Eds.), The 
Tettigoniidae: Biology, Systematics and Evolution. Crawford House Press, Bathurst, pp. 27–40.

Gwynne, D.T. (1995) Phylogeny of the Ensifera (Orthoptera): a hypothesis supporting multiple origins of acoustical signalling, 
complex spermatophores and maternal care in crickets, katydids, and weta. Journal of Orthoptera Research, 4, 203–218. 
http://dx.doi.org/10.2307/3503478

Gwynne, D.T. & Morris, G.K. (2002) Tettigoniidae. Katydids, Long-horned Grasshoppers and Bushcrickets, Version 26 
November 2002, The Tree of Life Web Project. Available from: http://tolweb.org/Tettigoniidae/13298/2002.11.26/ 
(accessed 2 April 2014)

Hartley, J.C. & Warne, A.C. (1984) Taxonomy of the Ephippiger ephippiger complex (ephippiger, cruciger and cunii) with 
special reference to the mechanics of copulation (Orthoptera: Tettigoniidae). Revista Española de Entomología, 60, 43–54.

Helversen, von D. & Helversen, von O. (1991) Pre-mating sperm in the bushcricket Metaplastes ornatus Ramme 1931 
(Orthoptera, Tettigonoidea, Phaneropteridae). Behavioral Ecology and Sociobiology, 28, 391–396. 
http://dx.doi.org/10.1007/bf00164120

Hemp, C. (2001) Aerotegmina, a new genus of African Listroscelidinae (Orthoptera: Tettigoniidae, Listroscelidinae, 
Hexacentrini). Journal of Orthoptera Research, 10, 121–128. 
http://dx.doi.org/10.1665/1082-6467(2001)010[0121:aangoa]2.0.co;2

Hemp, C., Heller, K.-G., Kehl, S., Warchalowska-Śliwa, E., Wägele, W.J. & Hemp, A. (2010a) The Phlesirtes complex 
(Orthoptera, Tettigoniidae, Conocephalinae, Conocephalini) reviewed: integrating morphological, molecular, 
chromosomal and bioacoustic data. Systematic Entomology, 35, 554–580. 
http://dx.doi.org/10.1111/j.1365-3113.2009.00512.x

Hemp, C., Kehl, S., Heller, K.G. & Wägele, W. (2010b) A new genus of African Karniellina (Orthoptera, Tettigoniidae, 
Conocephalinae, Conocephalini): integrating morphological, molecular, and bioacoustical data. Systematic Entomology, 
35, 581–595. 
http://dx.doi.org/10.1111/j.1365-3113.2010.00528.x

Hosken, D.J. & Stockley, P. (2004) Sexual selection and genital evolution. Trends in Ecology and Evolution, 19, 87–93.
Huber, B.A., Rheims, C.A. & Brescovit, A.D. (2005) Two new species of litter-dwelling Metagonia spiders (Araneae, 

Pholcidae) document both rapid and slow genital evolution. Acta Zoologica (Stockholm), 86, 33–40. 
 Zootaxa 3815 (2)  © 2014 Magnolia Press  ·  189THE PHALLUS IN TETTIGONIIDAE

http://dx.doi.org/10.1016/s0003-3472(82)80145-0
http://dx.doi.org/10.1093/beheco/arj045
http://dx.doi.org/10.1093/beheco/arj045
http://dx.doi.org/10.1111/j.1463-6395.1921.tb00488.x
http://dx.doi.org/10.1111/j.1463-6395.1921.tb00488.x
http://dx.doi.org/10.1111/j.1463-6395.1921.tb00488.x
http://dx.doi.org/10.1111/j.1463-6395.1921.tb00488.x
ht
ht
http://dx.doi.org/10.2307/3503478
http://dx.doi.org/10.2307/3503478
http://dx.doi.org/10.1007/bf00164120
http://dx.doi.org/10.1007/bf00164120
http://dx.doi.org/10.1665/1082-6467%282001%29010%5b0121:aangoa%5d2.0.co;2
http://dx.doi.org/10.1665/1082-6467%282001%29010%5b0121:aangoa%5d2.0.co;2
http://dx.doi.org/10.1111/j.1365-3113.2009.00512.x
http://dx.doi.org/10.1111/j.1365-3113.2009.00512.x
http://dx.doi.org/10.1111/j.1365-3113.2010.00528.x
http://dx.doi.org/10.1111/j.1365-3113.2010.00528.x
http://dx.doi.org/10.1111/j.1365-3113.2010.00528.x
http://dx.doi.org/10.1111/j.0001-7272.2005.00184.x
http://dx.doi.org/10.1665/1082-6467(2001)010[0121:aangoa]2.0.co;2


http://dx.doi.org/10.1111/j.0001-7272.2005.00184.x
Ingrisch, S. (1995) Revision of the Lipotactinae, a new subfamily of Tettigonioidea (Ensifera). Entomologica Scandinavica, 26, 

273–320. 
http://dx.doi.org/10.1163/187631295x00026

Ingrisch, S. (1998) Monograph of the Oriental Agraeciini (Insecta, Ensifera, Tettigoniidae): Taxonomic revision, phylogeny, 
biogeography, stridulation and development. Courier Forschungsinstitut Senckenberg, 206, 1–391.

Ingrisch, S. (2009) Revision of the genus Pseudonicsara Karny, 1912 (Orthoptera: Tettigoniidae: Conocephalinae: Agraeciini) 
- Revision of the Indo-Australian Conocephalinae, part 2. Zootaxa, 2185, 1–122.

Jost, M.C. & Shaw, K.L. (2006) Phylogeny of the Ensifera (Hexapoda: Orthoptera) using 3 ribosomal loci, with implications 
for the evolution of acoustic communication. Molecular Phylogenetics and Evolution, 38, 510–530. 
http://dx.doi.org/10.1016/j.ympev.2005.10.004

Kaltenbach, A.P. (1990) The predatory Saginae. In: Bailey, W.J. & Rentz, D.C.F. (Eds.), The Tettigoniidae: Biology, 
Systematics and Evolution. Springer, Verlag, Berlin, pp. 280–302.

Klaus, A.V., Kulasekera, V.L. & Schawaroch, V. (2003) Three-dimensional visualization of insect morphology using confocal 
laser scanning microscopy. Journal of Microscopy, 212, 107–121. 
http://dx.doi.org/10.1046/j.1365-2818.2003.01235.x

Lee, S., Brown, R.L. & Monroe, W. (2009) Use of confocal laser scanning microscopy in systematics of insects with a 
comparison of fluorescence from different stains. Systematic Entomology, 34, 10–14.

Lehmann, G.U.C. & Lehmann, A.W. (2008) Bushcricket song as a clue for spermatophore size? Behavioral Ecology and 
Sociobiology, 62, 569–578. 
http://dx.doi.org/10.1007/s00265-007-0481-4

Liu, C. & Kang, L. (2009) A new genus, Paraxantia gen. nov., with descriptions of four new species (Orthoptera: 
Tettigoniidae: Phaneropterinae) from China. Zootaxa, 2031, 36–52.

Maggenti, M.A.B., Maggenti, A.R. & Gardner, S.L. (2005) Online Dictionary of Invertebrate Zoology, UNL Digital Commons. 
Available from: http://digitalcommons.unl.edu/onlinedictinvertzoology/2/ (accessed 2 April 2014)

Márquez, C. (1963) Estudio Morfológico de Tres Especies de Stilpnochlora (Orthoptera: Tettigoniidae). Universidad Nacional 
Autónoma de México Serie Zoología, Anales del Instituto de Biología, 34, 275–283.

Mcpeek, M.A., Shen, L. & Farid, H. (2009) The correlated evolution of three-dimensional reproductive structures between 
male and female damselflies. Evolution, 63, 73–83. 
http://dx.doi.org/10.1111/j.1558-5646.2008.00527.x

Mcpeek, M.A., Shen, L., Torrey, J.Z. & Farid, H. (2008) The tempo and mode of three-dimensional morphological evolution in 
male reproductive structures. American Naturalist, 171, E138–E178.

Montealegre-Z., F. & Morris, G.K. (1999) Songs and systematics of some Tettigoniidae from Colombia and Ecuador I. 
Pseudophyllinae (Orthoptera). Journal of Orthoptera Research, 8, 163–236. 
http://dx.doi.org/10.2307/3503439

Montealegre-Z., F. & Morris, G.K. (2004) The spiny devil katydids, Panacanthus Walker (Orthoptera: Tettigoniidae): an 
evolutionary study of acoustic behavior and morphological traits. Systematic Entomology, 29, 21–57. 
http://dx.doi.org/10.1111/j.1365-3113.2004.00223.x

Montealegre-Z., F., Morris, G.K., Sarria-S., F.A., Andrew, C. & Mason, A.C. (2011) Quality calls: phylogeny and biogeography 
of a new genus of neotropical katydid (Orthoptera: Tettigoniidae) with ultra pure-tone ultrasonics. Systematics and 
Biodiversity, 9, 77–94. 
http://dx.doi.org/10.1080/14772000.2011.560209

Morris, G.K. (1980) Calling display and mating behaviour of Copiphora rhinoceros Pictet (Orthoptera: Tettigoniidae). Animal 
Behaviour, 28, 42–51. 
http://dx.doi.org/10.1016/s0003-3472(80)80006-6

Morris, G.K., Klimas, D.E. & Nickle, D.A. (1989) Acoustic signals and systematics of false-leaf katydids from Ecuador 
(Orthoptera, Tettigoniidae, Pseudophyllinae). Transactions of the American Entomological Society, 114, 215–263.

Mugleston, J.D, Song, H. & Whiting, M.F. (2013) A century of paraphyly: A molecular phylogeny of katydids (Orthoptera: 
Tettigoniidae) supports multiple origins of leaf-like wings. Molecular Phylogenetics and Evolution, 69, 1120–1134. 
http://dx.doi.org/10.1016/j.ympev.2013.07.014

Naskrecki, P. (2000) The phylogeny of katydids (Orthoptera: Ensifera: Tettigoniidae) and the evolution of their acoustic 
behaviour. PhD thesis, University of Connecticut, U.S.A, 403 pp.

Naskrecki, P. & Lopes-Andrade, C. (2005) A new genus and species of katydids of the tribe Polyancistrini (Orthoptera: 
Tettigoniidae: Pseudophyllinae) from Brazil, an apparent pest of Eucalyptus plantations. Zootaxa, 952, 1–8.

Nickle, D. (1983) A new species of pseudophylline katydid from Cocos Island, Costa Rica. Entomological News, 94, 1–6.
Nickle, D.A. & Naskrecki P.A. (1997) Recent developments in the sytematics of Tettigoniidae and Gryllidae. In: Gangwere, 

S.K, Muralirangan, M.C. & Muralirangan, M. (Eds.), The Bionomics of Grasshoppers, Katydids and their Kin. CAB 
International, Wallingford, U.K, pp. 41–58.

Oliveira, E.H., Lopes-Andrade, C. & Lawrence, J.F. (2013) Review of the Neotropical Ciidae (Insecta: Coleoptera) in the Cis 
taurus species-group. Arthropod Systematics & Phylogeny, 71, 181–210.

Perreau, M. & Tafforeau, P. (2011) Virtual dissection using phase-contrast X-ray synchrotron microtomography: reducing the 
CHAMORRO-RENGIFO & LOPES-ANDRADE 190  ·  Zootaxa 3815 (2)  © 2014 Magnolia Press

http://dx.doi.org/10.1111/j.0001-7272.2005.00184.x
http://dx.doi.org/10.1163/187631295x00026
http://dx.doi.org/10.1163/187631295x00026
http://dx.doi.org/10.1163/187631295x00026
http://dx.doi.org/10.1016/j.ympev.2005.10.004
http://dx.doi.org/10.1016/j.ympev.2005.10.004
http://dx.doi.org/10.1046/j.1365-2818.2003.01235.x
http://dx.doi.org/10.1046/j.1365-2818.2003.01235.x
http://dx.doi.org/10.1007/s00265-007-0481-4
http://dx.doi.org/10.1007/s00265-007-0481-4
http://dx.doi.org/10.1111/j.1558-5646.2008.00527.x
http://dx.doi.org/10.1111/j.1558-5646.2008.00527.x
http://dx.doi.org/10.2307/3503439
http://dx.doi.org/10.2307/3503439
http://dx.doi.org/10.1111/j.1365-3113.2004.00223.x
http://dx.doi.org/10.1111/j.1365-3113.2004.00223.x
http://dx.doi.org/10.1080/14772000.2011.560209
http://dx.doi.org/10.1080/14772000.2011.560209
http://dx.doi.org/10.1016/s0003-3472%2880%2980006-6
http://dx.doi.org/10.1016/s0003-3472%2880%2980006-6
http://dx.doi.o
http://dx.doi.o
http://dx.doi.org/10.1016/s0003-3472(80)80006-6


gap between fossils and extant species. Systematic Entomology, 36, 573–580. 
http://dx.doi.org/10.1111/j.1365-3113.2011.00573.x

Petit, O., Bardet, E. & Boitier, E. (2007) On the mating and laying sites of Uromenus brevicollis ssp. insularis in Corsica 
(Ensifera, Tettigoniidae). Journal of Orthoptera Research, 16, 145–150. 
http://dx.doi.org/10.1665/1082-6467(2007)16[145:otmals]2.0.co;2

Rentz, D.C.F. (1972) The lock and key as an isolating mechanism in katydids. American Scientist, 60, 750–755.
Rentz, D.C.F. (1993) The Austrosaginae, Zaprochilinae and Phasmodinae. A Monograph of the Tettigoniidae of Australia. 

CSIRO, Melbourne, 386 pp.
Rentz, D.C.F. & Colless, D.H. (1990) A classification of the shield-backed katydids (Tettigoniinae) of the world. In: Bailey, 

W.J. & Rentz, D.C.F. (Eds.), The Tettigoniidae: Biology, Systematics and Evolution. Springer, Verlag, Berlin, pp. 352–377.
Rentz, D.C.F., Su, Y. & Ueshima, N. (2007) Studies in Australian Tettigoniidae: Ozphyllum, a new genus of Phaneropterine 

katydids with comments on its relationships and ecology (Orthoptera: Tettigoniidae; Phaneropterinae). Zootaxa, 1629, 
57–68.

Rentz, D.C.F., Su, Y. & Ueshima, N. (2009) Studies in Australian Tettigoniidae: The Phyllophorinae (Orthoptera: Tettigoniidae; 
Phyllophorinae). Zootaxa, 2075, 55–68.

Rentz, D.C.F., Su, Y. & Ueshima, N. (2010) Studies in Australian Tettigoniidae: Australian Pseudophylline katydids 
(Tettigoniidae; Pseudophyllinae; Phyllomimini). Zootaxa, 2566, 1–20.

Rowell, C.H.F. & Flook, P.K. (1998) Phylogeny of the Caelifera and the orthoptera as derived from ribosomal gene sequences. 
Journal of Orthoptera Research, 7, 147–156. 
http://dx.doi.org/10.2307/3503512

Scudder, G.G.E & Schwartz, M.D. (2012) Two new species of Trigonotylus (Hemiptera: Heteroptera: Miridae: Stenodemini) 
from western Canada and northwestern United States. Zootaxa, 3174, 51–58.

Shi, F.-M., Mao, S.-L. & Ou, X.-H. (2008) A revision of the genus Conanalus Tinkham, 1943 (Orthoptera: Tettigoniidae). 
Zootaxa, 1949, 30–36.

Sirot, L.K. (2003) The evolution of insect mating systems through sexual selection. Florida Entomologist, 86, 124–133.
Snodgrass, R.E. (1937) The male genitalia of Orthopteroid insects. Smithsonian Miscellaneous Collection, 96, 1–107.
Song, H. (2009) Species-specificity of male genitalia is characterized by shape, size, and complexity. Insect Systematics and 

Evolution, 40, 159–170. 
http://dx.doi.org/10.1163/187631209x424571

Song, H. & Wenzel, J.W. (2008) Mosaic pattern of genital divergence in three populations of Schistocerca lineata Scudder, 
1899 (Orthoptera: Acrididae: Cyrtacanthacridinae). Biological Journal of the Linnean Society, 94, 289–301. 
http://dx.doi.org/10.1111/j.1095-8312.2008.00983.x

Vahed, K. (1997) Copulation and spermatophores in the Ephippigerinae (Orthoptera: Tettigoniidae): Prolonged copulation is 
associated with a smaller nuptial gift in Uromenus rugosicollis Serville. Journal of Orthoptera Research, 6, 83–89. 
http://dx.doi.org/10.2307/3503539

Vahed, K. (2007) Comparative evidence for a cost to males of manipulating females in bushcrickets. Behavioural Ecology, 18, 
507–512. 
http://dx.doi.org/10.1093/beheco/arm021

Vahed, K. & Carron, G. (2008) Comparison of forced mating behaviour in four taxa of Anonconotus, the Alpine bushcricket. 
Journal of Zoology, 276, 313–321. 
http://dx.doi.org/10.1111/j.1469-7998.2008.00492.x

Vahed, K., Lehmann, A.W., Gilbert, J.D. & Lehmann, G.U. (2011) Increased copulation duration before ejaculate transfer is 
associated with larger spermatophores and male genital titillators across bushcricket taxa. Journal of Evolutionary Biology, 
24, 1960–1968. 
http://dx.doi.org/10.1111/j.1420-9101.2011.02325.x

Walker, E. (1922) The Terminal Structures of Orthopteroid Insects: A Phylogenetic Study. Annals of the Entomological Society 
of America, 15, 1–71.

Walker, T.J., Forrest, T.G. & Spooner, J.D. (2003) The rotundifolia complex of the genus Amblycorypha (Orthoptera: 
Tettigoniidae: Phaneropterinae): songs reveal new species. Annals of the Entomological Society of America, 96, 433–447.

Xiberras, S. & Ducaud, P. (2004) Sauterelles-feuilles de Guyane: révision du genre Pterochroza (Orthoptera: Tettigoniidae: 
Pseudophyllinae: Pterochrozini). Lambillionea, 104, 1–38.

Zeuner, F.E. (1940) Phlugiolopsis henryi n.g., n.sp., a new tettigoniid, and other Saltatoria (Orthop.) from the Royal Botanic 
Gardens. Journal of the Society for British Entomology, 2, 77–84.

Zhou, Z., Ye, H., Huang, Y. & Shi, F. (2010) The phylogeny of Orthoptera inferred from mtDNA and description of Elimaea 
cheni (Tettigoniidae: Phaneropterinae) mitogenome. Journal of Genetics and Genomics, 37, 315–324. 
http://dx.doi.org/10.1016/s1673-8527(09)60049-7
 Zootaxa 3815 (2)  © 2014 Magnolia Press  ·  191THE PHALLUS IN TETTIGONIIDAE

http://dx.doi.org/10.1665/1082-6467(2007)16[145:otmals]2.0.co;2
http://dx.doi.org/10.1111/j.1365-3113.2011.00573.x
http://dx.doi.org/10.1111/j.1365-3113.2011.00573.x
http://dx.doi.org/10.1665/1082-6467%282007%2916%5b145:otmals%5d2.0.co;2
http://dx.doi.org/10.1665/1082-6467%282007%2916%5b145:otmals%5d2.0.co;2
http://dx.doi.org/10.2307/3503512
http://dx.doi.org/10.2307/3503512
http://dx.doi.org/10.1111/j.1095-8312.2008.00983.x
http://dx.doi.org/10.1111/j.1095-8312.2008.00983.x
http:
http:
http://dx.doi.org/10.1093/beheco/
http://dx.doi.org/10.1093/beheco/
http://dx.doi.org/10.1093/beheco/
http://dx.doi.org/10.1111/j.1469-7998.2008.00492.x
http://dx.doi.org/10.1111/j.1469-7998.2008.00492.x
http://dx.doi.org/10.1111/j.1420-9101.2011.02325.x
http://dx.doi.org/10.1111/j.1420-9101.2011.02325.x
http://dx.doi.org/10.1111/j.1420-9101.2011.02325.x
http://dx.doi.org/10.1665/1082-6467(2007)16[145:otmals]2.0.co;2
http://dx.doi.org/10.1016/s1673-8527(09)60049-7

	Abstract
	Material and methods
	Results
	Description and terminology of tettigoniid phallus
	Bauplan of external and internal components of the phallus
	Variation of phallic components
	Microstructures on the phalli
	Evolutionary scenarios for the titillator


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /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
  /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
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice




