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Abstract

The larvae of the European Myrmeleontidae are reviewed with the aim to ease their identification, covering 15 genera and
28 species. Diagnostic characters and illustrations are given for each taxon. Larvae of the genera Nemoleon and Macrone-
murus are described for the first time while Megistopus, Neuroleon and Myrmeleon are revised. The larvae of Dendroleon
pantherinus (Fabricius), Macronemurus appendiculatus (Latreille), Megistopus lucasi (Navas), Nemoleon notatus (Ram-
bur), Neuroleon arenarius (Navas), Neuroleon assimilis (Navas), Neuroleon nemausiensis (Borkhausen), Cueta lineosa
(Rambur) and Myrmeleon gerlindae (Holzel) are described or accurately depicted for the first time.

Key words: Myrmeleontiformia, antlions, larval morphology, identification, Mediterranean, Western Palaearctic

Introduction

The order Neuroptera, as currently established, is mostly based on larval characters (U. Aspdck 1992; U. Aspdck et
al. 2001) and even the reciprocal relationships between families are mainly elucidated by the study of larval
morphology, as underlined for the first time by the unmatched work of Withycombe (1925) and confirmed by
recent studies (Beutel et al. 2010; Winterton et al. 2010). Myrmeleontidae are one of the larger families of the
order, rivaling with Chrysopidae in the number of described species, comprising conspicuous insects and
representing a major component of the insect fauna in arid environments, although at the same time representing a
poorly known family whose systematics remains unclear (Mansell 1999).

The study of larval morphology is necessary to solve the complex systematics of Myrmeleontidae (Stange &
Miller 1990; Stange 1994, 2004), presently mostly based on adult characters (Markl 1954). Despite the larvae of
some species attracted the attention of the ancient naturalists thanks to their remarkable pit building behavior,
earning the vernacular name “antlion” attested for the first time during the Middle Ages (Druce 1923; Kevan
1992), they are known only for a limited minority of species thus representing a serious obstacle to a better
knowledge of the family. The European species of Myrmeleontidae are illustrative of the difficulties involving the
study of the larvae of this family. The first accurate morphological studies on the European antlion larvae were
undertaken by Brauer (1854, 1855a, 1855b, 1867), who understood for the first time the importance of the
preimaginal stages in the systematics of Neuroptera, and Hagen (1873). Later works regarding the European fauna
mostly deal with the descriptions of single species, such as the morphological studies of Principi (1943, 1947) and
noticeably few original comprehensive and comparative works for identification purposes have been published
(Redtenbacher 1884; Steffan 1968, 1975; Friheden 1973; Willmann 1977). Nevertheless, most of the European
antlion larvae remain insufficiently known and frequently the existing description are not deepened or simply
based on occasional findings. At the same time the ecology of numerous species remains unknown.

The present study is the result of a three years field research mainly conducted in southern Europe, especially
in the western Mediterranean, with aim to improve the state of knowledge of the larvae of Myrmeleontidae of the
genera present in this area. This work culminates a series of studies on this subject realized by the authors
(Cesaroni et al. 2010; Pantaleoni et al. 2010; Pantaleoni & Badano 2012).

Material and methods

The larvae were directly collected in the field or alternatively obtained from eggs laid by adult females. In the first
case, they were directly located at sight for the pit building species or by sieving the substratum. The oviposition
was obtained by keeping the females in containers partly filled with sand, superiorly closed with paper or a net and
with some sticks as support; if the condition are optimal the female lays the eggs into sand. The two methods, the
direct research of the larvae in the field and rearing from eggs, provide complementary information: ecological
requirements of each species and sure identification respectively. Afterwards, the larvae were reared in the
laboratory in order to check the identification or to obtain the 3" instar, being the first two instars not suitable for
diagnostic purposes. Rearing was carried out in a dedicated room with a mean temperature of 25°C and 60%
humidity while during winter the larvae were moved into an unconditioned room to simulate natural conditions.
The antlions were kept in small cylindrical plastic containers a third filled with sand; for some species with
different substratum preferences, loose soil or vegetal detritus were used instead. The preys were constituted by

4 - Zootaxa 3762 (1) © 2014 Magnolia Press BADANO & PANTALEONI


http://dx.doi.org/10.1016/j.actao.2012.05.010
http://dx.doi.org/10.1016/j.actao.2012.05.010
http://dx.doi.org/10.11646/zootaxa.3641.4.14
http://dx.doi.org/10.11646/zootaxa.3641.4.14
http://dx.doi.org/10.5962/bhl.title.28979
http://dx.doi.org/10.5962/bhl.title.28979
http://dx.doi.org/10.1007/978-3-642-39392-1
http://dx.doi.org/10.1007/978-3-642-39392-1
http://dx.doi.org/10.1163/187631273x00039
http://dx.doi.org/10.1163/187631273x00039
http://dx.doi.org/10.1163/187631273x00039
http://dx.doi.org/10.1002/mmnd.19900370105
http://dx.doi.org/10.1002/mmnd.19900370105
http://dx.doi.org/10.1002/mmnd.19900370105

Acknowledgments

The present research would not have been possible without the invaluable collaboration of numerous entomologists
and enthusiast naturalists, who provided specimens or guided the author in the field, contributing to a detailed
study of these secretive insects. Grateful thanks to: Alfonso Alfonsi (Roma), Carlo Cesaroni (Ministero delle
politiche agricole, Roma), Loris Colacurcio (Zola Predosa, Bologna), Andrea Corso (Siracusa), Luca Fancello
(Cagliari), Leonardo Forbicioni (Portoferraio, Livorno), Maurizio Gigli (Roma), Christian Kehlmaier
(Senckenberg Natural History Collections Dresden, Dreden, Germany), Claudio Labriola (Portici, Napoli), Luigi
Lenzini (Roma), Agostino Letardi (ENEA Casaccia, Roma), Cosmin O. Manci (Romania), Marco Paglialunga
(Pesaro), Danilo M. Piccolino (Vigevano, Pavia), Marcello Romano (Capaci, Palermo), Enrico Ruzzier (Mirano,
Venezia), Francesco Sanna (Bovolone, Verona) and Davide Scaccini (Zelo Buon Persico, Lodi). Special thanks to
Bruno Michel (CIRAD—CBGP, Montpellier, France) for the support in field research and for providing access to
the resources of his institution. Finally the authors wish to thank the anonymous referees for their valuable
comments to the manuscript.

References

Abraham, L. & Papp, Z. (1990) Preliminary report on the larva of Myrmecaelurus zigan Aspock, Aspock et Holzel, 1980
(Planipennia: Myrmeleonidae). Folia Historico-Naturalia Musei Matraensis, 15, 37-42.

Acevedo, F., Monserrat, V.J. & Badano, D. (2013) The larvae of the two European species of genus Distoleon: D. annulatus
(Klug, 1834) and D. tetragrammicus (Fabricius, 1798). A comparative description (Insecta, Neuroptera: Myrmeleontidae).
Zootaxa, 3721, 488—494.

Aspock, H., Aspock, U. & Holzel, H. (1980) Die Neuropteren Europas. Eine zusammenfassende Darstellung der Systematik,
Okologie und Chorologie der Neuropteroidea (Megaloptera, Raphidioptera, Planipennia) Europas. Goecke and Evers,
Krefeld, Germany, 495 + 355 pp.

Aspock, H., Holzel, H. & Aspock, U. (2001) Kommentierter Katalog der Neuropterida (Insecta: Raphidioptera, Megaloptera,
Neuroptera) der Westpaldarktis. Denisia, 2, 1-606.

Aspock, U. (1992) Crucial points in the phylogeny of the Neuroptera (Insecta). /n: Canard, M., Aspock, H. & Mansell, M.W.
(Eds.), Current Research in Neuropterology. Proceedings of the Fourth International Symposium on Neuropterology (24—
27 June 1991, Bagnéres-de-Luchon, Haute-Garonne, France). Privately printed, Toulouse, France, pp. 63-73.
http://dx.doi.org/10.1046/j.1365-3113.2001.00136.x

Aspock, U., Plant, J.D. & Nemeschkal, H.L. (2001) Cladistic analysis of Neuroptera and their systematic position within the
Neuropterida (Insecta: Holometabola: Neuropterida: Neuroptera), Systematic Entomology, 26, 73—86.

Auber, J. (1956a) Les especes frangaises du genre Neuroleon (Névropt. Planipennes). Vie et Milieu, 7, 95-100.

Auber, J. (1956b) Au sujet de la larve du Myrmeleon hyalinus Olivier. L’entomologiste, 12, 69-71.

Banks, N. (1913) Notes on African Myrmeleonidae. Journal of the New York Entomological Society, 21, 149—157.

[Bernardi] lori, A., Kathirithamby, J., Letardi, A., Pantaleoni, R.A. & Principi, M.M. (1995) 62. Neuropteroidea (Megaloptera,
Raphidioptera, Planipennia), Mecoptera, Siphonaptera, Strepsiptera. /n: Minelli, A., Ruffo, S. & La Posta, S. (Eds.),
Checklist delle specie animali italiane. Calderini Editore, Bologna, 20 pp.

Beutel, R. G, Friedrich, F. & Aspock, U. (2010) The larval head of Nevrorthidae and the phylogeny of Neuroptera (Insecta).
Zoological Journal of the Linnean Society, 158, 533-562.
http://dx.doi.org/10.1111/j.1096-3642.2009.00560.x

Bonnet, C. (1780) Oeuvres d'histoire naturelle et de philosophie. Vol. 2. cfr. Marc-Michel Rey, Amsterdam, pp. 277-289.

Brauer, F. (1853) Vergleichende Beschreibung der Larven des Myrmecoleon formicarius L. und M. formicalynx T (sic!).
Verhandlungen des Zoologisch-Botanischen Vereins in Wien, 3, 144—145.

Brauer, F. (1854) Beitrdge zur Kenntniss des inneren Baues und der Verwandlung der Neuropteren. Verhandlungen des
Zoologisch-Botanischen Vereins in Wien, 4, 463—472.

Brauer, F. (1855a) Beitrdige zur Kenntniss der Verwandlung der Neuropteren. Verhandlungen des Zoologisch-Botanischen
Vereins in Wien, 5, 479-484.

Brauer, F. (1855b) Beitrdge zur Kenntniss der Verwandlung der Neuropteren. Verhandlungen des Zoologisch-Botanischen
Vereins in Wien, 5, 777-786.

Brauer, F. (1867) Beschreibung und Verwandlung des Dendroleon pantherinus Fbr. und Vergleich der bis jetzt bekannten
Myrmeleoniden- und Ascalaphiden-Larven. Verhandlungen der Kaiserlich-Koniglichen Zoologisch-Botanischen
Gesellschaft in Wien, 17, 963-966.

Cesaroni, C., Nicoli Aldini, R. & Pantaleoni, R.A. (2010) The larvae of Gymmnocnemia variegata (Schneider, 1845) and
Megistopus flavicornis (Rossi, 1790) (Neuroptera: Myrmeleontidae): a comparative description. /n: Devetak, D.,
Lipovsek, S., Arnett, A.E. (Eds.), Proceedings of the 10th International Symposium on Neuropterology (22—25 June 2008,

68 - Zootaxa 3762 (1) © 2014 Magnolia Press BADANO & PANTALEONI



Piran, Slovenia). University of Maribor, Maribor, Slovenia, pp. 135-144.

Devetak, D., Novak, T. & Janzekovi¢, F. (2012) Effect of substrate density on behaviour of antlion larvae (Neuroptera:
Myrmeleontidae). Acta Oecologica/Oecologia Applicata, 43, 1-7.
http://dx.doi.org/10.1016/j.actao.2012.05.010

Devetak, D., Klokocovnik, V., Lipovsek, S., Bock, E. & Leitinger G. (2013) Larval morphology of the antlion Myrmecaelurus
trigrammus (Pallas, 1771) (Neuroptera, Myrmeleontidae), with notes on larval biology. Zootaxa, 3641, 491-500.
http://dx.doi.org/10.11646/zootaxa.3641.4.14

Devetak, D., Lipovsek, S. & Pabst, M.A. (2010) Larval morphology of the antlion Neuroleon microstenus (McLachlan, 1898)
(Neuroptera, Myrmeleontidae), with notes on larval biology. Zootaxa, 2428, 55-63.

Dewitz, H. (1882) Ueber die Fiihrung an den Korperanhéngen der Insecten, speciell betrachtet an der Legescheide der Acridier,
dem Stachel der Meliponen und der Mundtheilen der Larve von Myrmeleon, nebst Beschreibung dieser Organe. Berliner
Entomologische Zeitschrift, 26, 51—68.

Doflein, F. (1916) Der Ameisenléwe. Eine biologische, tierpsychologische und reflexbiologische Untersuchung. Verlag von
Gustav Fischer, Jena, 138 pp.
http://dx.doi.org/10.5962/bhl.title.28979

Doflein, F. (1921) Ameisenlowe. /n: Mazedonien. Erlebnisse und Beobachtungen eines Naturforschers im Gefolge des
deutschen Heeres. Verlag von Gustav Fischer, Jena, pp. 473—483.

Druce, G.C. (1923) An account of the Murmhkolewn or Ant-lion. Antiquaries Journal, 3, 347-364.

Dufour, L. (1854) Excursion entomologique aux dunes de Biscarosse et d'Arcachon. Actes de la Société Linnéenne de
Bordeaux, 19, 283-317.

Du Bois, E.R. (1899) Notes sur I'habitat des pseudo-névroptéres et névropteres de la Gironde. Feuille des Jeunes Naturalistes,
29, 50-53.

Eglin, W. (1939) Zur Biologie und Morphologie der Raphidien und Myrmeleoniden (Neuropteroidea) von Basel und
Umgebung. Verhandlungen der Naturforschende Gesellschaft in Basel, 50, 163-220.

Eglin, W. (1940) Die Neuropteren der Umgebung von Basel. Revue Suisse de Zoologie, 47, 243-358.

Eisenbeis, G. & Wichard, W. (1985) Atlas zur Biologie der Bodenarthropoden. Gustav Fischer, Stuttgart, 434 pp.
http://dx.doi.org/10.1007/978-3-642-39392-1

Ferrari, GF. (1864) Kleiner Beitrag zur Kéferfauna Venedigs und des Lido, mitgetheilt von einem siiddeutschen Entomologen.
Wiener Entomologische Monatsschrift, 8, 105—113.

Friheden, J. (1973) Morphological characteristics of North-European myrmeleontid larvae (Neuroptera). Entomologica
Scandinavica, 4, 30-34.
http://dx.doi.org/10.1163/187631273x00039

Gepp, J. (1974) Beitrag zur Kenntnis der Neuropteren der Tiirkei. Entomologische Berichten, 34, 102—104.

Gepp, J. (2010) Ameisenlowen und Ameisenjungfern. Myrmeleontidae. Eine weltweite Betrachtung unter besonderer
Beriicksichtigung Mitteleuropas. 3., neubearbeitete Auflage. Die Neue Brehm-Biicherei 589. Westarp Wissenschaften-
Verlagsgesellschaft, Hohenwarsleben, Germany, 168 pp.

Gepp, J. & Holzel, H. (1989) Ameisenléwen und Ameisenjungfern. Myrmeleonidae. Die Neue Brehm-Biicherei 589. A.
Ziemsen Verlag, Wittenberg Lutherstadt, 108 pp.
http://dx.doi.org/10.1002/mmnd.19900370105

Girard, M. (1875) Myrméléontides du sud-ouest de la France. Bulletin de la Société Entomologique de France, 5.

Giisten, R. (2003) A checklist and new species records of Neuropterida (Insecta) from Tunisia. Kaupia, 12, 129—149.

Hagen, H.A. (1873) Die Larven von Myrmeleon. Stettiner Entomologische Zeitung, 34, 249-295, 377-398.

Holzel, H. (1974) Ein neuer trichterbauender Ameisenlowe aus Siidwesteuropa (Planipennia). Nachrichtenblatt der
Bayerischen Entomologen, 23, 81-85.

Holzel, H. (2002) Neuroptera collected by the German Yemen expeditions 1996, 1998 und 2000 (Neuroptera: Chrysopidae,
Hemerobiidae, Berothidae, Mantispidae, Nemopteridae, Myrmeleontidae, Ascalaphidae). Esperiana, 9, 129-146.

Insom, E., Del Centina, P. & Carfi, S. (1985) II. Contributo alla conoscenza della fauna Neurotterologica italiana (Neuroptera:
Raphidioptera, Planipennia). Redia, 65, 105—121.

Kelner-Pillault, S. (1967) Etude écologique du peuplement entomologique des terreaux d'arbres creux. Thése présentée a la
Faculté des Sciences de 1'Université de Paris. Masson & c.ie, Editeurs, Paris, France, 228 pp.

Kevan, D.K.McE. (1992) Antlion ante Linné: [Murmhkolewn] to Myrmeleon (Insecta: Neuroptera: Myrmeleon[t]idae). /n:
Canard, M., Aspock, H. & Mansell, M.W. (Eds.), Current Research in Neuropterology. Proceedings of the Fourth
International Symposium on Neuropterology (24-27 June 1991, Bagnéres-de-Luchon, Haute-Garonne, France). Privately
printed, Toulouse, France, pp. 203-232.

Krivokhatsky, V.A. (1994) Antlion larvae of the genus Euroleon E.—P. (Neuroptera, Myrmeleontidae). Kharkov Entomological
Society Gazette, 2, 49-61.

Krivokhatsky, V.A. (2011) Antlions (Neuroptera: Myrmeleontidae) of Russia. KMK, Saint Petersburg, Russia, 334 pp.

Lackinger, H. (1973) Unterschiede im Verhalten zwischen Larven einiger Ameisenléwenarten einschliesslich des Wurmlowen
(Vermileo vermileo) beim Sandfallenbau. Zeitschrift der Arbeitsgemeinschafi Osterreichischer Entomologen, 24, 66-72.

Letardi, A. & Maltzeff, P. (2001) Neurotteridi ¢ Mecotteri della Tenuta Presidenziale di Castelporziano e delle aree limitrofe
(Neuroptera, Raphidioptera, Mecoptera). Bollettino dell'Associazione Romana di Entomologia, 54, 49-62.

LARVAE OF EUROPEAN MYRMELEONTIDAE Zootaxa 3762 (1) © 2014 Magnolia Press - 69



Letardi, A. & Pantaleoni, R.A. (1996) Neurotteri W-paleartici del Museo di Zoologia di Roma (Insecta Neuropteroidea).
Fragmenta Entomologica, 28, 277-305.

Linnaeus, C. (1745) Oldndska och Gothlindska Resa pa Riksens Hégloflige Stiinders befallning forrdttad dhr 1741. Med
Anmdrkningar uti Oeconomien, Natural-Historien, Antiquiteter &c. med dtskillige Figurer. Stockholm och Upsala. Hos
Gottfired Kiesewetter [1-13], 1-344 pp. [index 1-27], [errata 1-2]

Linnaeus, C. (1758) Systema naturae per regna tria naturae, secundum classes, ordines, genera, species, cum characteribus,
differentiis, synonymis, locis. Tomus 1. Editio decima, reformata. Holmiz, Impensis Direct. Laurentii Salvii, pp. [1-4], 1-
824.

Lipovsek Delakorda, S., Pabst, M.A. & Devetak, D. (2009) Morphology of eyes and sensilla in antlion larvae (Neuroptera:
Myrmeleontidae). /n: Pabst, M.A.& Zelling, G. (Eds.), MC2009. Microscopy conference, Graz (Austria) 30 August-4
September 2009. First joint meeting of Dreildndertagung & Multinational Congress on Microscopy. Vol. 2. Life Sciences.
Verlag der Technischen Universitit Graz, Austria, pp. 403—404.

Luppova, E.P. [Jlynnoea, E.I1.] (1969) K mopdonorun u OHONOTMM JIMUMHKA MYpaBbUHOTO NbBa Acanthaclisis pallida
McLachlan (Neuroptera, Myrmeleonidae), /Joxn. AH Taoxc. CCP. T,. 12, 68-71.

MacLeod, E.G. (1964) A comparative morphological study of the head capsule and cervix of larval Neuroptera (Insecta). Ph.D.
dissertation. Harvard University, Cambridge, USA, 528 pp.

Mansell, M.W. (1988) The Myrmeleontidae (Neuroptera) of southern Africa: Genus. Tricholeon Esben-Petersen. Neuroptera
International, 5, 45-55.

Mansell, M.W. (1992) Key characters in the phylogeny and classification of Palparini (Insecta: Neuroptera: Myrmeleontidae).
In: Canard, M., Aspock, H. & Mansell, M.W. (Eds.), Current Research in Neuropterology. Proceedings of the Fourth
International Symposium on Neuropterology (24-27 June 1991, Bagnéres-de-Luchon, Haute-Garonne, France). Privately
printed, Toulouse, France, pp. 243-254.

Mansell, M.W. (1999) Evolution and success of antlions (Neuropterida: Neuroptera: Myrmeleontidae). Stapfia, 60, 49-58.

Mansell, M.W. (2004) Antlions of southern Africa: Annulares nov. gen. (Neuroptera, Myrmeleontidae, Palparini) including two
new species, with comments on the tribe Palparini. Denisia, 13, 201-208.

Markl, W. (1954) Vergleichend-morphologische Studien zur Systematik und Klassifikation der Myrmeleoniden (Insecta,
Neuroptera). Verhandlungen der Naturforschende Gesellschaft in Basel, 65, 178-263.

Matsura, T. (1987) Nomenclature of the Japanese pit-building antlions (Neuroptera, Myrmeleontidae). Kontyii, 55, 543—548.

Matsura, T., Yamaga, Y. & Itoh, M. (2005) Substrate selection for pit making and oviposition in an antlion, Myrmeleon bore
Tjeder, in terms of sand particle size. Entomological Science, 8, 347-353.
http://dx.doi.org/10.1111/j.1479-8298.2005.00134.x

McLachlan, R. (1873) Neuropterologisches. Stettiner Entomologische Zeitung, 34, 444—451.

Meinert, F. (1889) Contribution a I'anatomie de Fourmilions. Oversigt over det Kongelige Danske Videnskabernes Selskabs
Forhandlinger 1889, 43—66.

Michel, B. (2013) A new species of Gymnocnemia Schneider, 1845 from Morocco with additional diagnostic data for the
genus. Zootaxa, 3710, 93-98.
http://dx.doi.org/10.11646/zootaxa.3710.1.7

Michel, B. & Akoudjin, M. (2012) Review of Neuroleon Navas of west Africa with descriptions of four new species
(Neuroptera, Myrmeleontidae). Zootaxa, 3519, 32-52.

Miller, R.B. & Stange, L.A. (1985) Description of the antlion larva Navasoleon boliviana Banks with biological notes
(Neuroptera; Myrmeleontidae). Neuroptera International, 3, 119—126.

Mirmoayedi, A. (2002) Description of the third stage larvae of Cueta lineosa (Rambur, 1842) (Neuroptera: Myrmeleontidae)
rearing for the first time in Iran. Kharkov Entomological Society Gazette, 10, 122—123.

Navas, L. (1923) Fauna de Catalunya. Entomologia de Catalunya. Neuropters. Fascicle I. Neuropters Propis. Publicacions de
I'Institut d'Estudis Catalans, seccio de Ciéncies, Barcelona, Spain, 270 pp.

Nicoli Aldini, R. (2007) Observations on the larval morphology of the antlion Myrmeleon bore (Tjeder, 1941) (Neuroptera
Myrmeleontidae) and its life cycle in the Po Valley (northern Italy). /n: Pantaleoni, R.A., Letardi, A. & Corazza, C. (Eds.),
Proceedings of the Ninth International Symposium on Neuropterology (20-23 June 2005, Ferrara, Italy). Annali del
Museo Civico di Storia Naturale di Ferrara, 8, 59—66.

Pantaleoni, R.A. & Badano, D. (2012) Myrmeleon punicanus n. sp., a new pit-building antlion (Neuroptera Myrmeleontidae)
from Sicily and Pantelleria. Bulletin of Insectology, 65, 139-148.

Pantaleoni, R.A., Cesaroni, C. & Nicoli Aldini, R. (2010) Myrmeleon mariaemathildae n. sp.: a new Mediterranean pit-
building antlion (Neuropterida Myrmeleontidae). Bulletin of Insectology, 63, 91-98.

Percheron, A. (1833) Note sur la larve du Myrmeleon libelluloides. (Extrait d'une Monographie de la tribu des
Myrméléonides.). /n: Guérin-Meneville, Magasin de Zoologie, d'Anatomie Comparée et de Palaeontologie, 3, Classe 1X,
pl. 59, [6 pp.].

Popov, A. (1984) The development of Myrmecaelurus trigrammus Pall. (Myrmeleonidae). /n: Gepp, J., Aspock, H. & Holzel,
H. (Eds.), Progress in World's Neuropterology. Proceedings of the 1" International Symposium on Neuropterology (22—-26
September 1980, Graz, Austria), Privately printed, Graz, Austria, pp. 249-251.

Principi, M.M. (1943) Contributi allo studio dei Neurotteri Italiani. II. Myrmeleon inconspicuus Ramb. ed Euroleon nostras
Fourcroy. Bollettino dell'lstituto di Entomologia della R. Universita degli Studi di Bologna, 14, 131-192.

70 - Zootaxa 3762 (1) © 2014 Magnolia Press BADANO & PANTALEONI



Principi, M.M. (1947) Contributi allo studio dei Neurotteri Italiani. VI. Synclisis baetica Ramb. (Myrmeleonidae -
Acanthaclisini). Bollettino dell'Istituto di Entomologia dell’ Universita degli Studi di Bologna, 16, 234-253.

Redtenbacher, J. (1883) Zur Kenntnis der Myrmeleoniden-Larven. Wiener Entomologische Zeitung, 2, 289-296.

Redtenbacher, J. (1884) Ubersicht der Myrmeleoniden-Larven. Denkschrifien, Akademie der Wissenschaften Wien,
Mathematische-Naturwissenschafiliche Klasse, 48, 335-368.

Réaumur, R.A.F. de (1742) Histoire des Formica-leo. Mémoires pour servir a l'histoire des insectes. Vol. 6. Paris, pp. 333-386.

Richard, G. (1952) Contribution a I'étude de la biologie des Fourmilions. Bulletin de la Société Zoologique de France, 77, 252—
263.

Richard, G. & Pons, R. (1952) Contribution a I'étude écologique des Fourmilions dans les Pyrénées-Orientales. Vie et Milieu, 2,
381-387.

Rosel von Rosenhof, A.J. (1755) Der monatlich-herauskommenden Insecten-Belustigung. Johann Joseph Fleischmann,
Niirnberg, 624 pp.

Roubal, J. (1936) Dendroleon pantherinus F. Acta Societatis Entomologicae Cechosloveniae, 33, 172—173.

Saffré, G. (1957) Le tentorium de la larve du 3e stade d'Acanthaclisis (Synclisis) baetica Ramb. (Névroptére Planipenne -
Famille des Myrmeleonidae). Bulletin de la Société Zoologique de France, 82,28-37.

Satar, A., Suludere, Z., Canbulat, S. & Ozbay, C. (2006) Rearing the larval stages of Distoleon tetragrammicus (Fabricius,
1798) (Neuroptera: Myrmeleontidae) from egg to adult, with notes on their behaviour. Zootaxa, 1371, 57—-64.

Schenck, A. (1877) Eine neue Myrmeleon-Larve von Mombach in Rheinhessen. Entomologische Nachrichten, 3, 93.

Stange, L.A. (1970) Revision of the ant-lion tribe Brachynemurini of North America (Neuroptera: Myrmeleontidae). University
of California Publications in Entomology, 55, vi+1-192.

Stange, L.A. (1994) Reclassification of the New World antlion genera formerly included in the tribe Brachynemurini
(Neuroptera: Myrmeleontidae). Insecta Mundi, 8, 67—119.

Stange, L.A. (2004) A systematic catalog, bibliography and classification of the world antlions (Insecta: Neuroptera:
Myrmeleontidae). Memoirs of the American Entomological Institute, 74, 1-565.

Stange, L.A. (2008) A new species of the genus Dendroleon Brauer from Mexico (Neuroptera: Myrmeleontidae). Insecta
Mundi, 54, 1-9.

Stange, L.A. & Miller, R.B (1985) A generic review of the Acanthaclisine antlions based on larvae (Neuroptera:
Myrmeleontidae). Insecta Mundi, 1,29-42.

Stange, L.A. & Miller, R.B. (1990) Classification of the Myrmeleontidae based on larvae (Insecta: Neuroptera). /n: Mansell,
M.W. & Aspock, H. (Eds.), Advances in Neuropterology. Proceedings of the Third International Symposium on
Neuropterology (3—4 February 1988, Berg en Dal, Kruger National Park, South Africa), South African Department of
Agricultural Development, Pretoria, South Africa, pp. 151-169.

Stange, L.A., Miller, R.B. & Wang, H.-Y. (2003) Identification and biology of Myrmeleontidae (Neuroptera) in Taiwan. 1-Lan
County Museum of Natural History, Taipei, Taiwan, 160 pp.

Steffan, J.R. (1965) Les larves de Megistopus flavicornis (Rossi), Creoleon lugduense (Villers), Neuroleon ocreatus (Navas) et
N. nemausiensis (Borkh.) (Planipennes, Myrmeleontidae). Vie et Milieu, 15, 693-707.

Steffan, J.R. (1968) Sur I'écologie et le comportement de la larve de Megistopus flavicornis (Rossi) (Plan. Myrmeleontidae).
Bulletin du Muséum National d'Histoire Naturelle, Paris, 40(2), 492-496.

Steffan, J.R. (1971) Contribution a I'étude des Neuroleon [Planipennes, Myrmeleontidae] de la faune de France. Annales de la
Société Entomologique de France (N.S.), 7, 797-839.

Steffan, J.R. (1975) Les larves de Fourmilions [Planipennes: Myrmeleontidae] de la faune de France. Annales de la Société
Entomologique de France (N.S.), 11, 383—410.

Steinmann, H. (1967) Tevenyaku fatyolkak, Vizifatyolkak, Recésszarnyuak és Csérds rovarok - Raphidioptera, Megaloptera,
Neuroptera és Mecoptera. Fauna Hungariae, 82, 1-204.

Willmann, R. (1977) Die Myrmeleontidae (Insecta, Neuroptera) der Dodekanes/Agiis. Zoologische Jahrbiicher (Abteilung fiir
Systematik, Geographie und Biologie), 104, 98—136.

Winterton, S.L., Hardy, N.B. & Wiegmann, B.M. (2010) On wings of lace: phylogeny and Bayesian divergence time estimates
of Neuropterida (Insecta) based on morphological and molecular data. Systematic Entomology, 35, 349-378.
http://dx.doi.org/10.1111/j.1365-3113.2010.00521.x

Withycombe, C.L. (1925) Some aspects of the biology and morphology of the Neuroptera with special reference to the
immature stages and their possible phylogenetic significance. Transactions of the Royal Entomological Society of London,
72,303-411.
http://dx.doi.org/10.1111/j.1365-2311.1925.tb03362.x

LARVAE OF EUROPEAN MYRMELEONTIDAE Zootaxa 3762 (1) © 2014 Magnolia Press - 71



	Table of contents
	Abstract
	Introduction
	Material and methods
	Larval morphology
	Larval development and life cycle
	Larval stages recognition
	Key to the European larvae of Myrmeleontidae
	Tribe Palparini Navás, 1912
	Palpares Rambur, 1842
	Palpares libelluloides (Linnaeus, 1764)
	Tribe Dendroleontini Banks, 1899
	Dendroleon Brauer, 1866
	Dendroleon pantherinus (Fabricius, 1787)
	Tribe Nemoleontini Banks, 1911
	Nemoleon Navás, 1909
	Nemoleon notatus (Rambur, 1842)
	Creoleon Tillyard, 1918
	Creoleon lugdunensis (Villers, 1789)
	Macronemurus A. Costa, 1855
	Macronemurus appendiculatus (Latreille, 1807)
	Distoleon Banks, 1910
	Distoleon tetragrammicus (Fabricius, 1798)
	Neuroleon Navás, 1909
	Key to the known larvae of Neuroleon
	Neuroleon arenarius Navás, 1904
	Neuroleon assimilis (Navás, 1914)
	Neuroleon egenus (Navás, 1914)
	Neuroleon microstenus (McLachlan, 1898)
	Neuroleon nemausiensis (Borkhausen, 1791)
	Neuroleon ochreatus (Navás, 1904)
	Megistopus Rambur, 1842
	Key to the larvae of Megistopus
	Megistopus flavicornis (Rossi, 1790)
	Megistopus lucasi (Navás, 1912)
	Gymnocnemia Schneider, 1845
	Gymnocnemia variegata (Schneider, 1845)
	Tribe Myrmecaelurini Esben-Petersen, 1918
	Myrmecaelurus A. Costa, 1855
	Myrmecaelurus trigrammus (Pallas, 1771)
	Tribe Nesoleontini Markl, 1954
	Cueta Navás, 1911
	Key to the European larvae of Cueta
	Cueta beieri Hölzel, 1969
	Cueta lineosa (Rambur, 1842)
	Tribe Acanthaclisini Navás, 1912
	Acanthaclisis Rambur, 1842
	Acanthaclisis occitanica (Villers, 1789)
	Synclisis Navás, 1919
	Synclisis baetica (Rambur, 1842)
	Tribe Myrmeleontini Latreille, 1802
	Myrmeleon Linnaeus, 1767
	Key to the known larvae of European Myrmeleon
	Myrmeleon formicarius Linnaeus, 1767
	Myrmeleon gerlindae Hölzel, 1974
	Myrmelon punicanus Pantaleoni & Badano, 2012
	Myrmeleon bore (Tjeder, 1941)
	Myrmeleon inconspicuus Rambur, 1842
	Myrmeleon mariaemathildae Pantaleoni, Cesaroni & Nicoli Aldini, 2010
	Myrmeleon hyalinus Olivier, 1811
	Myrmeleon fasciatus (Navás, 1914)
	Euroleon Esben-Petersen, 1918
	Euroleon nostras (Geoffroy in Fourcroy, 1785)
	Discussion
	Acknowledgments
	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




