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ABSTRACT
The Anthelidae form a small family of bombycoid moths endemic to the Australian 

and New Guinean region. A critical review of all literature on Anthelidae and of the 

major publications on phylogeny of the bombycoid complex reveals limited and often 

inaccurate current knowledge. This study aims at elucidating the relationships within 

Anthelidae and of the family with other bombycoid moths based on comparative 

morphological and molecular genetic studies.

Morphology of genital structures and their muscles, antennae, wing venations and 

larval mouth parts are described and analysed in a Hennigian Argumentation, as well as 

with Maximum Parsimony. Sections of seven gene sequences (CO I & II, EFla, CPS 

[CAD], 12S, 18S and 28S) are evaluated for their usefulness in phylogenetic analyses. 

CPS sequences were found to be least saturated and most parsimony informative and 

are, together with EFla sequences, used in phylogenetic analyses. These analyses 

include Maximum Likelihood and Bayesian Inference of the molecular data, as well as 

individual and combined Maximum Parsimony Analyses of molecular and 

morphological data.

Methodological aspects of Hennigian Argumentation and Maximum Parsimony are 

critically discussed. Results of the different analyses are compared and found to be very 

similar, except for the placement of Chenuala heliaspis and an undescribed antheline 

species. The following hypotheses on anthelid and bombycoid phylogeny are proposed 

and require future testing by attempted falsification using additional character sets. The 

subfamilies Anthelinae and Munychryiinae are monophyletic, as is the family 

Anthelidae. The widely accepted hypothesis of Anthelidae as sistergroup to the 

Lasiocampidae, which together form the superfamily Lasiocampoidea, is falsified. 

Instead, a sistergroup relationship between Anthelidae and Lemoniidae / Brahmaeidae + 

Eupterotidae is proposed. Consequently, the monotypic Lasiocampoidea and 

Mimallonoidea are synonymized with the Bombycoidea, making the term "bombycoid 

complex" redundant.

Within the Anthelidae, the Munychryiinae comprise the genera Mimychryia and 

Gephyroneura, as well as a monotypic, undescribed genus and species. The Anthelinae 

comprise twelve monophyla. The currently recognized genera Chelepteryx, Chenuala, 

Pterolocera, and Omphaliodes are confirmed. Genus Anthela is restricted to only five



species, Notaxa is enlarged to include twelve species and the other species are assigned 

to monophyletic genera for most of which names restored from synonymy are available 

(Colussa, Pseudodreata (Corticomis n. syn.), Darala and Newmania). Two additional 

monophyla require new generic names. A comprehensive synonymic list of all described 

taxa reflecting the proposed classification is included in the Appendix B.



N O T E :

None of the taxonomic changes proposed in this 

dissertation are intended as nomenclatural acts 

in the sense of the International Code of 

Zoological Nomenclature (International Commis

sion on Zoological Nomenclature 1999)!

For easier reading taxonomic names of animal 

genera and species are generally used without 

author and year throughout this text. A list of all 

taxonomic names (species and genus level) in 

combination with their respective author and 

year of publication is given in the 

Appendices A & Q.
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Chapter ONE: Introduction

CHAPTER ONE:  

I N T R O D U C T I O N

1.1) W hat are A nthelidae?

The Anthelidae form a small family of moths restricted to Australia and New Guinea. 

At present the family comprises 74 species in 8 genera described from Australia and a 

few species from New Guinea (Edwards & Fairey 1996). Many as yet undescribed 

species are expected to exist as these moths are inconspicuous and widely distributed 

throughout the whole of Australia. Numerous distinct species have already been 

identified as undescribed in museum collections such as the Australian National Insect 

Collection (ANIC) in Canberra.

The large genus Anthe/a (56 described Australian species) is likely to be polyphyletic 

and the current unsatisfactory knowledge of its taxonomy is symptomatic of the current 

classification of the Anthelidae. This classification is based on superficial differences or 

similarities only and merely separates "odd" taxa from the principal genus Anthela. The 

original descriptions and the subsequent taxonomic revision of the family by Turner 

(1921b) have not utilised genital structures. These typically provide valuable characters 

for discrimination in other families. At present, a reliable identification of all taxa to 

species level using published keys is not possible. Similarly, the systematic position of 

the Anthelidae in the poorly defined bombycoid complex is unclear, stemming partly 

from the controversial concepts of the superfamilies constituting this complex (e.g., 

Brock 1971 versus Minet 1994) and partly from the lack of any phylogenetic study of 

the family.

Many adult Anthelidae resemble certain plesiomorphic Eupterotidae and Satumiidae 

with their "hairy" appearance, stout body, comparatively large wings, pectinate antennae 

and simple wing-pattern. Their caterpillars are typically external, nocturnal feeders, with 

a characteristic vertical stripe across the frons of the headcapsule, and densely covered 

with secondary hairs. At least in some (but more likely in most) anthelid species these 

hairs can cause considerable skin irritation if touched.

Numerous papers dealing at least partially with Anthelidae have been published, and 

the information contained in these is reviewed in this chapter.
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1.2) Literature on Anthelidae

1.2) Literature on A nthelidae

1.2.1) Taxonomy and systematics -  getting a grip on 

variation
The first anthelid species was described in 1832 by the French entomologist Jean 

Baptiste Antoine Dechauffour de Boisduval. His description in Latin and French 

consists of four sentences only, but matches the female of Anthela nicothoe quite well -  

a species widespread and common in SE Australia today. Soon afterwards, Gray (1835) 

published a detailed description of a second anthelid species, Chelepteiyx collesi, for 

which he erected Cheleptetyx as a subgenus of Endromis [Bombycoidea: Endromidae], 

Only two further species were described by other authors (Feisthamel (1839) and White 

(1841)) prior to Walker's catalogue of the Lepidoptera present in the collection of the 

British Museum in London. In his publications Walker (1855a, 1855b, 1860, 1862a, 

1862b [1863], 1865, 1866, 1869) described new genera and species on a large scale, 

naming 8 anthelid genera and 46 anthelid species in total. While this undoubtedly had a 

major impact on anthelid taxonomy, the majority of his names are synonyms of species 

named by himself. The bulk of these species he described in his genera Darala and 

Colussa. Darala became the principal genus for new anthelid species described by 

subsequent authors until Turner (1902) synonymized Darala with Anthela. Ever since, 

Anthela has been the principal genus for the description of new anthelid species, and by 

now comprises 80% of all species recognized to date. Following the publication of 

Walker's catalogue, numerous anthelid species and genera have been described by 

various authors, namely Herrich-Schäffer (1850-[ 1869]), Newman (1856), Wallengren 

(1858), Butler (1874, 1882), Felder and Rogenhofer (1874-75), Rosenstock (1885), 

Tepper (1890), Meyrick (1891), T.P. Lucas (1891, 1892, 1895, 1898), Lower (1892, 

1893a, 1902, 1905, 1908), Swinhoe (1892, 1902a, b, 1903, 1905), Turner (1902, 1904, 

1914, 1915, 1920a, 1921b, 1922, 1924, 1926a, c, 1931, 1932, 1936, 1939a, 1944), 

Bethune-Baker (1904, 1908), Grünberg (1914), Joicey, Noakes and Talbot (1915), 

Joicey and Talbot (1917), Fawcett (1917), Hulstaert (1924a, b), van Eecke (1924), 

Strand (1925, 1929), Niepelt (1934), and Common and McFarland (1970). Among 

these, Turner's descriptions stand out in quality and number.

With the exception of Lower, Lucas and Turner, who lived and collected in Australia
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themselves, all authors described species foreign to them after examining only one or a 

few specimens housed in an overseas collection. With such limited material at hand they 

did not recognize the existence of sexual dimorphism and the unusually strong variation 

of the habitus of adult Anthelidae. This resulted in the publication of many synonyms, a 

problem recognized and discussed early on by Turner (1921b). Many original 

descriptions are insufficient and the vast majority lacks illustrations. This renders the 

recognition of previously described species very difficult, as noted by Aurivillius 

(1920). Consequently, anthelid taxonomy was in a very confused state by the end of the 

19lh century. As early as 1864, Scott synonymized Festra affabricata with Chelepteiyx 

collesi. More taxa were synonymized over time by Lower (1897, 1903), Turner (1912) 

and Collenette (1923). Extensive synonymic lists and revisions were published by 

Swinhoe (1903, 1922), Turner (1906, 1921b) and Strand (1925, 1929), as well as five 

catalogues by Kirby (1892), Swinhoe (1892), Lower (1893b), Hulstaert (1928) and Bryk 

(1934). Among these, Turner's revision of the Australian Anthelidae (1921b) is 

outstanding as it includes detailed descriptions of and keys to all species known at that 

time. For a Master's degree at the Macquarie University (Sydney), Fairey (1983[?]) 

revised the genus Pterolocera. He has made it inaccessible to the public by placing a 

ban on it as his subsequent, ongoing studies are based on his thesis. None of his results 

have been published so far. A comprehensive annotated synonymic list of Australian 

Anthelidae (Edwards & Fairey 1996) was published recently, and no further taxonomic 

acts within Anthelidae have since been published. Hassan et al. (2004) erroneously 

assumed the well known Palearctic satumiid species Antheraea pernyi belonged to the 

Anthelidae. This clearly is no more than a lapse and was not intended as a taxonomic 

act. In their checklist Edwards and Fairey (1996) regard more than half of the 153 names 

proposed for Australian taxa as subjective synonyms. This checklist is used as the 

taxonomic basis for Australian Anthelidae in this study. Very recently an Internet 

webpage on Australian moths has been made available by the Australian National Insect 

Collection (ANIC). It illustrates a large number of pinned anthelid specimens with 

verified species identifications and collecting data (Willan et al. 2004), complementing 

the checklist of Edwards and Fairey (1996).

While the Australian Anthelidae are excellently covered by the checklist of Edwards 

and Fairey (1996), no comprehensive list of non-Australian Anthelidae exists. The 

catalogues of Swinhoe (1922), Hulstaert (1928) and Bryk (1934) included non-
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Australian taxa, but were very incomplete even at their time of publication. A complete 

annotated synonymic list of taxa, reproducing Edwards & Fairey 1996 for Australian 

taxa and adding non-Australian taxa from catalogues and additional literature, is given 

in Appendix A.

Despite the poor quality of Walker's descriptions of anthelid genera, the sheer 

number of species he described in Darala and Co/ussa provided guidance for 

subsequent authors. They, too, described new anthelid species in these two genera, 

which were regarded as members of the family Lymantriidae [Noctuoidea]. Turner 

recognized the unique nature of the species placed in these two genera, as well as of 

anthelid species in other genera. He separated them from all other Lymantriidae by 

erecting the new lymantriid subfamily Anthelinae (type genus Anthela), which he 

defined clearly by two characters of the wing venation (Turner 1904). Later Turner 

(1918, 1920a) formulated hypotheses on the evolution of the wing venation, which led 

him to the conclusion that the seemingly shared peculiarity in wing venation of 

Lymantriinae and Anthelinae, an areole, was not of the same origin. Consequently, 

Turner (1920a: 418, 1920b) separated the Anthelinae from the Lymantriidae by 

elevating the former to family level. While a subfamily Anthelinae within Lymantriidae 

was generally accepted, its elevation to family level was explicitly rejected by Swinhoe 

(1922), Strand (1925) and Bryk (1934), but accepted by Tillyard (1926), Hulstaert 

(1928) and later authors. Soon after the elevation to family level, Turner (1921b) re

examined the similarities between Lymantriidae and Anthelidae, and concluded that 

only a single character of wing venation linked the two families together, at best 

indicating only a remote relationship. He saw the family Anthelidae as a specialized 

group with some archaic characters (Turner 1947) and placed it within Noctuoidea as 

the sistergroup to all other families (Turner 1940, 1947). Later, Common (1963) pointed 

out the absence of tympanal organs and on this basis transferred the Anthelidae from 

Noctuoidea to Bombycoidea (Common 1966, 1970). Since then they have remained in 

the bombycoid complex, but within it have been transferred from Bombycoidea to 

Lasiocampoidea by Minet (1991).

With the exception of numerous, usually unexplained statements by Turner and a 

publication by Common and McFarland (1970), relationships within Anthelidae remain 

largely unknown. Turner (1904) proposed a subdivision of the genus Anthela based on a 

single character in the hind wing venation, but also noted some variation of this
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character within one particular species. With his revised definition of the Anthelidae 

Turner (1920a) included the two "closely related" genera Munychryia and 

Gephyroneura, which he assumed to be "archaic". Later Turner (1921b: 164) concluded 

that they were "very distinct from the rest and could be regarded as a subfamily". Turner 

(1921b: 164) further considered the genera Nataxa and Aprosita [= Omphaliodes] to be 

"simple developments of Anthela", as well as the genera Pterolocera and Chelepteryx to 

be "nearly related collaterally". Later Turner (1922: 349) assumed the monotypic genus 

Chenuala to be closely allied to Anthela. He made further explicit statements on the 

presumed relationships between anthelid species, i.e., Anthela ostra being "nearest to" 

A. denticulata (Turner 1921b: 174), A. acuta and A varia being "closely allied" (Turner 

1921b: 176), A. cnecias being "nearly allied" to A. ocellata (Turner 1921b: 178), as well 

as A. ariprepes, A. magnifica, A. asciscens and A. stygiana forming "a natural group" 

(Turner 1921b: 179). Common and McFarland (1970) described and illustrated the pre- 

imaginal instars of Munychryia senicula, which they found to differ from those of other 

Anthelidae to such an extent that these authors followed Turner's suggestion (Turner 

1921b: 164) and formally erected a new subfamily for the genera Munychryia and 

Gephyroneura, the Munychryiinae. They differentiated the new subfamily from the 

remaining Anthelinae by Turner's character of wing venation as well as a whole suite of 

differences in larval characters. However, only the caterpillars of Munychryia spp. but 

not those of the very similar Gephyroneura cosmia are known as yet. Hence, the larval 

characters given for the Munychryiinae by Common and McFarland (1970) are only 

generalisations of Munychryia characters, which remain to be confirmed for G. cosmia.

While some of these statements and assumptions on relationships might reflect 

evolution within the Anthelidae, no phylogenetic analysis at any taxonomic level has 

been carried out for Anthelidae. Genera other than Anthela have been erected for "odd" 

species and are not defined by autapomorphies, leaving the monophyly of all genera and 

in particular of Anthela highly questionable.
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1.2.2) Morphology -  a wealth of details, but for which taxa?
Typically, the original descriptions of anthelid species and genera (see above 1.2.1) 

consist of a more or less detailed account of the colouration and wing pattem of the 

imagines and at best a few notes on the rest of their morphology. These morphological 

notes usually concern the specimen's size, absence of proboscis, shape of labial palpi, 

pectination of antennae, number of tibial spurs, shape of wings, and wing venation. The 

relatively modem and extremely detailed original description of Munychryna periclyta 

and the Munychryiinae by Common and McFarland (1970) is a rare exception. 

Secondary literature, namely by Scott (1864, 1893), Turner (1920a, 1921b), Strand 

(1925, 1929) and Hulstaert (1928), provide marginally more detailed descriptions of 

morphology, in particular of wing venation, seemingly based on new observations.

Rather recently, publications summarizing the available information on Lepidoptera 

in general and giving accounts of most lepidopteran families have appeared. Amongst 

these, the publications of Tillyard (1926), Common (1963, 1970, 1974), Munroe (1982), 

Nielsen and Common (1991), Scoble (1995), Holloway et al. (2001), and Gaedike and 

Häuser (2003) include illustrations of selected species and morphological information 

on Anthelidae, but only Common (1990) and Lemaire and Minet ([1998]) actually add 

new morphological details. In addition to the morphological structures usually 

described, Common (1990) gave details on genital structures, eggs, caterpillars and 

pupae, thereby providing an overall detailed general account of anthelid morphology. 

Lemaire and Minet ([1998]) based their account of Anthelidae largely on Turner (1920a, 

1921b), Common and McFarland (1970), and Common (1990), but significantly 

corrected and added morphological details based on their own observations, e.g., of 

head morphology, abdominal sclerites, male genital structures and caterpillar setal 

arrangements. Furthermore, they explicitly proposed four autapomorphies for the family 

Anthelidae, three of which were new.

Thanks to Common and McFarland (1970), Common (1990), and Lemaire and Minet 

([1998]) a good general morphological knowledge of Anthelidae is available. However, 

most morphological details have been published in general accounts of the family, from 

which it is not apparent which species have been examined, and hence what these 

general descriptions are based on. Lemaire and Minet ([1998]) sometimes point out 

peculiarities of certain genera, but as 80% of all species have been indiscriminately 

placed in the genus Anthela, this is of limited use.
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1.2.3) Faunistic -  ubiquitous in Australia
All descriptions of new species and most taxonomic works (see above 1.2.1) include 

faunistic records, which usually consist of single records only, the type localities, as 

most descriptions of anthelid species are based on unique specimens. The specificity 

and hence the value of these records ranges from as vague as "New Holland" [Australia] 

(Walker 1855a: 889) to as exact as "Western Australia, Mt. Singleton, 2300 ft." 

(Common & McFarland 1970: 19). Similarly, most other publications dealing with 

Anthelidae contain some sort of geographic reference, in fact the value of many short 

notes in popular magazines amounts to no more than a local faunistic record: Aurivillius 

1920; Bashford 1993, 1997; Borch 1927; Brown et al. 1993; Chisholm 1923, 1925, 

1929; Common 1981; Common & Upton 1977; Coupar & Coupar 1989; D'Abrera 1975; 

Day et al. 1953; Fanning 1913; Fleay 1935; W.W. Froggatt 1914, 1923; Green & 

Osbourne 1994; Haines 1963; Hardy et al. 1979, 1980; Hill 1955; Hulstaert 1924a; 

Illidge 1925; Kershaw 1943; Kitching et al. 2000; Kiihnert 1994; Landsberg 1988; Lane 

1995; Lee 1975; Lithgow 1988; Lower 1892, 1893b, 1896, 1916, 1918; Martyn et al. 

1972, 1974, 1975, 1977; McCoy 1890; McFarland 1970, 1979; McQuillan & Forrest 

1985; Montague 1914; Moore 1963a; Moss & Popple 2000; Nikitin 1965; Oke 1923; 

Orr & Kitching 1999; Palmer 1885; Ramirez 1978; Riek 1962 [1963]; Roberts 1987; 

Scott 1864, 1893; Scott & Scott 1988; Southcott 1978; Spencer 1978; Stewart 1944; 

Strong 1971; Swarbreck 1946; Szent-Ivany & Carver 1967; Szent-Ivany & Catley 1960; 

Terauds et al. 1985, 1986; Turner 1921a, 1925, 1926a, b, 1939b; Wickham 1913; and 

Willan et al. 2004. Only Swinhoe (1892) and Common (1990) gave species 

distributions based on additional material they examined in collections.

The vast majority of faunistic records is for Australia. Anthelidae occur very widely 

in Australia, including the interior as well as mountains in Tasmania, and have been 

recorded from many different habitats, e.g., native grasslands, coastal heath, alpine 

swamps, dry sclerophyll forests, rainforests, and semi-arid to arid areas. Most of the few 

non-Australian records refer to the island of New Guinea, where Anthelidae have been 

recorded from both Papua [formerly known as Irian Jaya] and Papua New Guinea. 

Consequently, most general publications on Anthelidae state them to be endemic to 

Australia and New Guinea, with the great majority of species occurring in Australia 

(Tillyard 1926; Common 1970, 1990; Nielsen & Common 1991; Edwards & Fairey 

1996; Lemaire & Minet [1998]; Holloway et al. 2001; Austin et al. 2004).
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There are, however, a few records outside mainland Australia and New Guinea, 

which warrant special attention. In his original description of Anthela brunneilinea 

Hulstaert (1924) states for the type "1 <$, Kei Is. (?)." and further notes: "Although this 

locality is not quite certain, and even somewhat strange, nevertheless I should not be 

surprised if it should be confirmed by further specimens, as this is not the unique animal 

of the peculiar Australo-Neoguinean fauna found on the Kei group." (Flulstaert 1924a: 

137). The Kai islands belong to Indonesia and are located less than 100km south of the 

western end of Papua, on the western side of Lydekker's line. Lydekker's hypothetical, 

biogeographic line (Lydekker 1896) marks the western edge of the Sahul continental 

shelf, which lies less than 100m below sea level at present. During past glacial epochs 

when sea levels were at least 40m lower than at present, this continental shelf 

interconnected Australia, New Guinea and the Aru archipelago (Voris 2000). In 

contrast, the Kai islands are not part of the Sahul continental shelf. Despite their relative 

proximity to New Guinea and the Aru archipelago, they are separated from both of these 

by the Aru Basin, which at its most shallow point is currently 1,000m or more deep. As 

anthelid females are rather poor fliers, this permanent gap of about 100km width 

between the Kai islands and New Guinea and the Aru archipelago is likely to present a 

major dispersal barrier for Anthelidae. Hence, the uncertain record from the Kai islands 

appears unlikely to be correct.

In fact, I have a single male specimen of an Anthela sp., possibly Anthela 

brunneilinea, labelled as "Naigoeli, Trangan Ins 16.ii.08" [6°38'S 134°5'E, 

INDONESIA, Moluccas, Aru archipelago, Trangan island, Naiguli -  about 100km SE of 

the Kai island and about 100km S of Papua] and bearing a subsequent, printed label 

"Kei-Ins. 1908 H. Merton" [leg.] on loan from the Senckenberg Museum in Frankfurt, 

Germany. Dr. Hugo Merton and Jean Roux had been collecting on the islands of Kai as 

well as Am during a joint expedition from January 1907 until June 1908 (Merton & 

Roux 1910). Hulstaert, in contrast, was a Belgian catholic missionary who had spent 

many years in Africa, but had never been to the Australasian region (Vinck 2001). 

While many of the specimens he described were collected by fellow missionaries, 

including specimens from the Kai islands, the source of the type specimen of A. 

brunneilinea was not stated. Access to specimens from the Kai and Am islands was and 

is limited, and it does not seem unlikely that Huelstaert examined specimens collected 

by Merton and Roux during their Kai and Am expedition.
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Under these circumstances, I assume the type locality of A. brunneilinea to be 

erroneous, with the type possibly originating from the Aru archipelago.

The original description of another species, Anthela prima, states for the type 

"Makiau, Celebes. In Mr. Saunders' collection." (Walker 1866: 1917). This locality 

record is most probably incorrect and the error is likely to have originated as follows: A. 

R. Wallace visited the island of Makian (0°32'N 127°4'E, about 20km W of Halmahera, 

Moluccas), which he sometimes erroneously referred to as "Makiau" (e.g., Wallace 

1863: 221). In the preface of the first edition of his book "The Malay Archipelago", 

Wallace (1869) wrote that he had collected a total of 13,100 specimens of Lepidoptera 

and had given his private collection to Mr. William Wilson Saunders, who had arranged 

for the description of many specimens by entomologists. It is therefore most likely that 

the specimen described by Walker as A. prima had been collected by Wallace, in which 

case it might have been collected on Makian (Moluccas) or possibly any other location 

visited by Wallace during his long journey, including New Guinea. Wallace wrote 

further: “When I reached England in the spring of 1862,1 found myself surrounded by a 

room full of packing cases containing the collections that I had, from time to time, sent 

home for my private use. These comprised nearly three thousand birdskins of about one 

thousand species, at least twenty thousand beetles and butterflies of about seven 

thousand species, and some quadrupeds and land shells besides. A large proportion of 

these I had not seen for years, and in my then weakened state of health, the unpacking, 

sorting, and arranging of such a mass of specimens occupied a long time." (Wallace 

1869: preface). Under these circumstances it appears reasonable to assume that the type 

of A. prima was mislabelled by Wallace during the process of unpacking and sorting 

specimens, and rather than from Makian (Moluccas) the specimen might have originated 

from New Guinea. More recently, entomological staff from the Natural History 

Museum, London, and private collectors from Germany have collected rather 

intensively on Halmahera, but no Anthelidae were caught (J. D. Holloway, NHM 

London, pers. comm.), supporting the assumption that the original record from Makian 

is incorrect. Mention of Anthelidae as occurring on Celebes in secondary literature (e.g., 

Day et al. 1953) most probably only refers to this single erroneous record, the type 

locality of A. prima.
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In his catalogue of Lepidoptera in the collection of the Oxford University Museum, 

Swinhoe lists Colussa [Che/epteiyx] chaleptenx without quoting the type locality, but 

as occurring on "Lord Howe Island, Australia" (Swinhoe 1892: 211), which is a tiny 

island about 550km E of the New South Wales coast. In his original description 

however, which merely consists of an illustration and the caption "Darala Cha/eptenx 

F. S, Cap. b. sp. (Trimen)", Felder (in Felder & Rogenhofer 1874-75: 3) does not 

mention Lord Howe Island or Australia. In fact, his abbreviation of the type locality 

"Cap. b. sp." generally stands for "Caput bonae spei" [Republic of South Africa, Cape of 

Good Hope], which is most probably as erroneous as is Lord Howe Island -  no anthelid 

specimens have ever been recorded from South Africa or Lord Howe Island so far.

In summary, the occurrence of Anthelidae seems to be restricted to Australia 

(including Tasmania), New Guinea and the Aru archipelago (Fig. 1).

Fig. 1: Anthelidae are only known to occur in Australia (inch Tasmania), New Guinea and the Aru 
archipelago -  all of which have been interconnected by the Sahul continental shelf (western edge 
marked by Lydekker's Line) during past glacial epochs.
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1.2.4) Life history -  scratching the surface over and over 

again
Since the publication of the original species descriptions, which usually lacked 

illustrations and information on any stage of the life cycle other than the imagines, 

numerous photos, notes, observations and descriptions of the life history of Anthelidae 

have been published. However, despite the large quantity of publications our knowledge 

of anthelid life histories remains rather poor as the publications focus on a handful of 

taxa and repeat similar observations.

The anthelid species best known to the public is Chelepteiyx collesi. This is due to 

the enormous size of the moth, the irritating hairs of caterpillars and cocoons (see 

below, 1.2.5), and because it is frequently encountered even in large cities. Its caterpillar 

instars, pupa and cocoon have been illustrated and described in a number of 

publications, as well as the oviposition on bark, nocturnal feeding and the wandering of 

caterpillars prior to pupation: Scott 1864; Palmer 1885; Edwards 1890; McCoy 1890; 

Anderson 1892; Fanning 1913; Wickham 1914; G.H. Froggatt 1917; W.W. Froggatt 

1923; McKeown 1942; Anonymous 1961; Common 1963, 1970, 1990; Hadlington 

1972; Ramirez 1978; McMaugh 1985; and Coupar & Coupar 1992. Of all these 

references the unpublished Master's thesis of Ramirez (1978) on the life history of C. 

collesi stands out as the by far most detailed study.

For several species a small number of publications illustrates and describes almost all 

stages of the life cycle, and notes various observations on behaviour, e.g., nocturnal 

feeding, wandering of caterpillars, pupation in holes of wood-boring insects, emergence 

of moths being triggered by rain and moths feigning death upon disturbance: 

Chelepteryx chalepteryx (Scott 1864; Chisholm 1925; Gallard 1931; Common 1963, 

1970; Moore 1963b; Coupar & Coupar 1991, 1992), Anthela nicothoe (Froggatt 1917; 

Fleay 1935, 1961; Common 1963, 1970; Moore 1963b; Coupar & Coupar 1992), A. 

varia (Moore 1963b; Teakle 1969; Edwards & Wanjura 1989; Monteith 1995), A. 

ocellata (Tepper 1890; Common 1963, 1970; Moore 1963b; McQuillan & Forrest 1985; 

Coupar & Coupar 1992), A. excellens (Moore 1963b), Nataxa flavescens (Common 

1963, 1970; Webb 1990; Coupar & Coupar 1992), and Pterolocera amplicornis 

(Anderson 1892; Day et al. 1953 [very detailed]; Wakefield 1960; Common 1963, 1970; 

McFarland 1970; Coupar & Coupar 1992).
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Only very short notes on observations exist for some other species. These include the 

diurnal feeding of A. basigera reported by McQuillan and Forrest (1985), and the 

nocturnal feeding of a species belonging to the species complex around A. ekeikei in 

New Guinea mentioned by Szent-Ivany and Catley (1960). Similar brief observations of 

various kinds have been noted by McFarland (1979) and Common (1990) for numerous 

species.

Rare exceptions from the typical short observations on common species are two 

publications by naturalists, each of them detailing their rearing of a poorly known 

anthelid species from their garden. McGauran (1951) described her observations on and 

rearing of Pterolocera isogama, providing particularly valuable information on host 

plants and pupation. Similarly, Mills (1954) reported on her rearing of Anthela 

xantharcha, during which she observed larval feeding behaviour involving the spinning 

of silken trails between resting and feeding sites.

As with all observations and records, species identity is absolutely crucial, and given 

the lack of illustrations and the taxonomic confusion prior to Edwards and Fairey 

(1996), misidentifications have to be expected and information, particularly from non

taxonomists, has to be treated with adequate caution. The very short note on the life 

history of Anthela ocel/ata by Brewster et al. (1920) may serve as an example -  it 

apparently includes observations on at least three different species under one name, 

which unfortunately is not obvious from the text itself, but apparent if one is familiar 

with the life history of A. ocel/ata.
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1.2.5) Economic and medical records -  a nuisance to 

mankind
Apart from the original descriptions, Anthelidae have caught human attention most 

of the time only when perceived as harmful in one way or another.

In respect to Anthelidae, attacks on Pinus radiata plantations were the main concern 

in Australia and various records and reports have been published, most of them listing 

Anthela nicothoe as a pest: Campbell 1972; Common 1970, 1990; Hadlington 1963; 

Hardy et al. 1979; Moore 1963a, b. Other species reported are A. connexa by Elliott and 

de Little (1985), Chenuala heliaspis and A. excel lens by Common (1970) and Moore 

(1963a), as well as A. varia, Chelepteryx chalepteiyx and A. ocellata by Moore (1963a, 

b). For Pinus patula in Papua New Guinea, Anthela ekeikei has been recorded as a 

minor pest by Roberts (1987). Most of the recorded attacks on Pinus spp. were regarded 

as minor and/or occasional, but Hadlington (1963) reported A. nicothoe to "have 

consistently attacked pine in the highland areas", and Moore (1963b) even regarded 

Anthelidae in general as the second worst lepidopteran threat to pine plantations after 

Psychidae. His judgement appears to be based on the relatively large number of different 

anthelid species attacking pines (he lists 6 species) rather than on the actual damage 

caused by them. The "threat" posed by Anthelidae caused him to publish a major 

account of these species, including detailed life histories, descriptions of all instars, and 

keys to caterpillars and cocoons, as well as host and parasitoid records (Moore 1963b).

Native pastures were of major interest, too, and several records of "infestations" by 

anthelid caterpillars have been published. Most frequently, these infestations were 

caused by various Pterolocera spp., which are usually incorrectly referred to as P. 

amplicornis: Day et al. 1953; Edwards & Fairey 1996; Evans 1943; Hardy et al. 1980; 

Martyn et al. 1972, 1974, 1975, 1977; Swarbreck 1946 [mixing several species, 

probably including a Pterolocera spp.]; and Terauds et al. 1985, 1986. Occasionally, 

other species have been recorded as pasture pests as well, namely Anthela ocellata by 

French (1911) and Leach (1952), and A. denticulata, A. euryphrica and A. ostra by 

Common (1990), and Edwards and Fairey (1996). As with the attacks on pines, damage 

to native pastures was generally seen as insignificant to minor, even in cases of locally 

restricted mass occurrences of caterpillars -  500 caterpillars per square metre were 

counted in a Tasmanian pasture (Hardy et al. 1980)! French (1911) was the only author
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to regard A. ocel/ata as a serious pest. He reported them to occur in thousands, moving 

in the same direction and eating up all sorts of plants in their path. As they not only ate 

grasses but further "defiled" pastures by their sheer number, he saw them as a "most 

destructive pest". In fact, as so dangerous that French (1911) recommended control of 

caterpillars during the wandering phase by running over thousands of them with brush 

harrows or rollers, or by digging pits and drains across their path.

Records of Anthelidae as pests of other plants are much rarer and usually limited to 

single references only. Ironside repeatedly listed and illustrated A varia as a minor pest 

of macadamia foliage in QLD (Ironside 1973; subsequent publications in 1980, 1981 

and 1995 merely repeated the information published in 1973). Hadlington (1963) 

reported A. nicothoe as a defoliator of the introduced Tree Lucerne (Chamaecytisus 

prolifer, Leguminosae). McMaugh (1985) recorded minor damage caused by 

Cheleptery’x collesi to eucalypts in gardens and recommended several control measures. 

The same anthelid species was used by Hadlington (1969) as a test object for the 

effectiveness of insecticide implants in eucalypts. A. denticulata was reported as a pest 

of saltbush (Atrip/ex spp., Chenopodiaceae) in inland NSW (Froggatt 1910). However, 

this record is dubious as he did not see any live caterpillars feeding on saltbush. Instead, 

he only assumed the caterpillars, which were hanging dead in saltbushes and did not 

belong to the usual pest of saltbush, Apina callisto (Noctuidae), to be the same species 

as the cocoons of A. denticulata, which he had found in the soil beneath saltbushes. This 

anthelid species has otherwise only been recorded as feeding on various grasses, and as 

Froggatt (1910: 465) himself states that saltbushes are "still to be found in conjunction 

with the natural grasses over an immense area", it seems reasonable to assume that the 

grass-feeding caterpillars of A. denticulata might have merely pupated in the ground 

under saltbushes by chance or to shelter from the sun. Alternatively, a loss of the native 

host plant (e.g., by drought or from overpopulation defoliating the local host plants) 

could cause caterpillars to attempt to feed on non-host plants.

While numerous records of Anthelidae as pests exist, it seems as if only a few cause 

consistently serious damage. In fact, the more detailed reports indicate that many of the 

records as pests might be due to opportunistic feeding behaviour of Anthelidae 

combined with environmental changes or pressures. Terauds et al. (1985), for example, 

list a case in which caterpillars of a Pterolocera sp. "invaded" a lawn from an adjacent 

pasture, which was densely populated by this species. In a second case under very
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similar circumstances the "invaders" fed on various garden plants (Terauds et al. 1986). 

This "opportunistic" feeding behaviour of Anthelidae is reflected in the great variety of 

host records, too, where anthelid species fed in captivity on various plants for some 

time, but in the end failed to survive on them (see below, 1.2.6). Another example is a 

pest record of A. ostra from the Northern Territory by Edwards and Fairey (1996). A 

floodplain, probably with native grasses including Ory>za spp., had been converted into a 

rice field. During the first year an "outbreak" of A. ostra in the paddy, with caterpillars 

feeding on the crop, was observed. Caterpillars were reared and sent to the ANIC for 

identification, and together with the old holotype these specimens remain the only ones 

ever found (E. D. Edwards, ANIC, pers. comm.). A likely explanation for this 

"phenomenon" is that this species had occurred in numbers on the floodplain unnoticed 

for a long time, and moths eclosed from pupae in the ground after their habitat had been 

destroyed for farming. With their native host plants gone, caterpillars "attacked" other 

plants, the crop, but failed to maintain the population. Records of A. denticulaia and A. 

ewyphrica as occasional pests of crops (Edwards & Fairey 1996) have similar 

backgrounds, with the species disappearing entirely from the agricultural area after an 

initial "outbreak". This also fits with the observation made by Hadlington for A. 

nicothoe that "severe infestations have been observed only in windbreaks and small 

woodlots, usually where the natural tree vegetation has been removed and the country 

utilised for grazing" (Hadlington 1963: 2).

In summary, Anthelidae are not dreaded economic pests, but some might have the 

potential to cause significant damage to crops, as they accept various plant species if 

their host plant is not available.

Apart from economic damage a characteristic of the caterpillars of some anthelid 

species drew even more public attention to the Anthelidae -  urticating hairs. Almost all 

known anthelid caterpillars are densely covered with secondary setae, and in some 

species these include short, barbed, spine-like hairs, which are later incorporated into 

the cocoon in such a way that they radiate from it like the spines of a sea urchin. Two 

species with caterpillars and cocoons armed in this way are encountered by humans 

rather frequently, namely Anthela nicothoe and Che/epteryx collesi, the first two 

anthelid species to be described and named (see above, 1.2.1). The following 

publications all mention their hairs, and almost all of them point out the urticating effect

-  15 -



1.2.5) Economic and medical records -  a nuisance to mankind

these hairs have: Anonymous 1944 [about A. nicothoe as A. acuta], 1961; Anderson 

1892; Balit et al. 2003, 2004; Bishop & Morton 1967, 1968; Common 1963, 1990; 

Coupar & Coupar 1992; D'Abrera 1975; Edwards 1890; Edwards & Fairey 1996; 

Fanning 1913; Fleay 1935, 1961, 1966; Eladlington 1972; Hardy el al. 1979; Kawamoto 

& Kumada 1984; Lee 1961, 1975; McKeown 1942; McMaugh 1985; Moore 1963b; 

Mulvaney et al. 1998; Musgrave 1924, 1941; Scott 1864; Scott & Scott 1988; Southcott 

1973, 1978, 1983, 1987; Sutherland & Nolch 1999 [merely an exaggeration of Bishop & 

Morton 1967, 1968 without citing them], Swarbreck 1946 [as A. acuta; clearly a mix of 

species and probably including C. collesi], Tillyard 1926; Wakefield 1961; and 

Wickham 1916. However, it is obvious that several authors only repeat observations 

made and published by others. A single record of "considerable pain" caused by 

caterpillar hairs of C. chalepteryx exists, too (Gallard 1931). Touching A acuta cocoons 

from the Northern Territory [probably a species of the A. acuta / A. astata complex] 

caused itching and erythema, with small papules remaining until the following day 

(Southcott 1987). Another record of A. acuta caterpillars having irritating hairs by Lee 

(1961, 1975) is only based on the erroneous record by an unknown author (Anonymous 

1944).

The sensation of pain is subjective, and as such it comes as no surprise that contacts 

with caterpillars of C. collesi have been described as causing minor pain lasting less 

than one hour (Balit et al. 2004), as well as being very painful and causing a finger to 

swell to twice its size (Musgrave 1924). In addition, individual body reactions can be 

very different, and while allergic reactions to C. collesi caterpillar hairs are generally 

uncommon, some cases have been documented. Wakefield (1961) reports the case of a 

person allergic to iodine, who suffered from blisters caused by a few spines for three 

weeks. Mulvaney et al. (1998) detail two exceptional medical cases of severe allergic 

reaction to C. collesi, one even being systemic and requiring resuscitative measures 

(Mulvaney et al. 1998). All incidents with C. collesi have been caused by touching 

either caterpillars or cocoons, with the result that spines were embedded in the skin of 

hands or feet. In general, the irritation caused by C. collesi spines is assumed to be 

mechanical only (Anonymous 1961; Balit et al. 2003, 2004; Common 1990; Edwards & 

Fairey 1996; Lee 1961, 1975; McMaugh 1985; Scott 1864; Southcott 1983). However, 

at times C. collesi hairs have been assumed to possibly have a toxic effect (Mulvaney et 

al. 1998) or even to be "highly poisonous" ( Edwards 1890; McKeown 1942). To some
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extent this is also indicated by the observation that several-year-old cocoons retain their 

irritating characteristic, as reported by Anderson (1892).

The situation is different for A. nicothoe, where contact with hairs has usually caused 

more severe reactions ranging from painful rashes and pustules (Anonymous 1944) to 

"severe urticaria" (Common 1990) or even "maddening irritation" (Fleay 1935). Based 

on the severity of these reactions some authors assume them to be caused by an 

unknown poison (Balit et al. 2003; Bishop & Morton 1968 ), but Southcott (1973, 1983) 

assumes these irritations to be of mechanical nature only. No study to confirm the 

identity or even existence of any poison linked to anthelid caterpillar hairs has been 

undertaken to date. Unlike C. collesi, many particularly severe cases of injury by 

caterpillar hairs of A. nicothoe are believed to have been caused by airborne hairs and 

hair fragments (Bishop & Morton 1967, 1968; Lee 1961, 1975). Apart from causing 

dermatitis as reported by Lee (1961, 1975), Bishop & Morton recorded 132 cases of 

airborne hairs getting stuck in the eye-lid (1961), or even in the comea (1975), with the 

hairs causing scratches on the comea, photobia, lacrimation and foreign-body reactions. 

Most incidents occurred during the harvesting and handling of hay on fields during 

December and January. In all cases no caterpillars were touched or even seen, which 

gave rise to the hypothesis of airborne hairs, but the actual source was not located. A 

likely source had been mentioned by Hadlington many years earlier, unaware of the 

problem of airborne hairs: "When [A. nicothoe] caterpillars have attacked Tree Lucerne, 

they crawl into sheds and any sheltered, dark spot to pupate. Hundreds of these cocoons 

may be found attached to agricultural machinery near infested trees." (Hadlington 1963: 

2).

A single, even more severe case of caterpillar hairs entering the eye was detailed by 

Southcott (1973, 1978) from the Northern Territory, where hairs of possibly an anthelid 

species got stuck in the eye of a person. Over time these hairs moved through the tissue 

of the anterior chamber, iris and the lens of the eye, perhaps causing the subsequent 

astigmatism reported. Southcott (1978) observed that after breaking off, anthelid 

caterpillar hairs had a very sharp base which, rather than the tip of the hair, penetrates 

the skin. The entire hair gets pushed deeper and deeper into the skin by the protruding 

barbed shaft, only allowing forward travel of the hair.

Edwards and Fairey (1996) mentioned one case of blindness being caused by anthelid 

caterpillar hairs. Their note refers to a case where a caterpillar had been rubbed into the
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eye of a person with the intent to cause damage, but the reference and details were not 

revealed (E. D. Edwards, ANIC, pers. comm.).

The overall number of medical incidents is remarkably high -  13 confirmed and 13 

probable cases of injuries caused by C. collesi caterpillar hairs were reported to the 

Poisons Information Centres of NSW over a two year period (Balit et al. 2004), and 132 

cases of A. nicothoe caterpillar hairs found lodged in eyes were reported in Victoria 

alone during a 16-17 year period (Bishop & Morton 1968), with many more unreported 

cases certain to have occurred. This rather high number of incidents is likely to be due to 

the behaviour of the fully grown caterpillar, which in several anthelid species leaves its 

host plant and "wanders" around (Common 1990; French 1911, Monteith 1995; 

Ramirez 1978; Scott 1893) prior to pupating in a camouflaged cocoon under bark, rocks 

and other shelters -  including bams, sheds and farm machinery (Hadlington 1963), as 

well as in mailboxes in residential areas. Of the few anthelid species which spin cocoons 

with irritating spines radiating from them, C. collesi and A. nicothoe (and possibly A. 

connexa) are the only ones to occur commonly in densely populated areas.

The general public perception of Anthelidae has been summed up by an unknown 

author:

"They are worth knowing, if only to avoid them." 

(Anonymous 1944: 198)
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1.2.6) Host records -  to eat and to be eaten
Of the 167 valid original species descriptions only two include a host record (Turner 

1936 and Common & McFarland 1970). In contrast, many secondary publications on 

Anthelidae mention host plants of certain anthelid species, but the link between an 

original species description and a subsequent host record is critical. The problem of 

correct species identification is even more pressing for host records than it is for most 

other records, as not only the anthelid species, but also the host plant has to be identified 

correctly. Further, the identification of the anthelid species is particularly difficult as it is 

the caterpillar feeding on the plant, while all original species descriptions are based on 

adults and secondary descriptions or illustrations of caterpillars are rare. Unless the adult 

has been reared from the caterpillar, a reliable species identification based on 

publications is currently impossible for most taxa. For the vast majority of host records 

no voucher specimens of either the anthelid specimen or the host plant have been 

preserved. Hence, most records cannot be verified and their value depends largely on the 

reliability of their author. The excellent publication by McFarland (1979) is a rare 

exception -  all taxa were identified by specialists and voucher specimens of at least the 

Anthelidae were preserved.

An additional problem, typical for host records, is a lack of definition of what 

constitutes a host record. Does a single caterpillar observed to chew on a leaf, possibly 

only temporarily due to the lack of other plants, justify the assumption of this species 

feeding on this plant species in general? Do records of caterpillars reared from eggs 

obtained from a gravid female and initially feeding on a plant selected by the breeder 

(on which they might or might not complete their life cycle successfully) constitute host 

records? Or do only observations of caterpillars successfully completing their life cycle 

in the wild on a certain plant qualify as host records? More often than not the reader is 

left guessing as to the basis of host records. It is rather common practice to state a host 

plant for a species without giving any further information, and very often these "records" 

are merely repetitions of previously published records without citing the source.

A list of all available host records is given in Appendix C (sorted by anthelid species 

as well as by host plant). It has been compiled from my own observations and 

experiences breeding Anthelidae, from notes and records in the ANIC, as well as from 

publications and information on the Internet. As the majority of host records cannot be 

verified, no attempt to distinguish between host records of different quality was made,
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but the source for each record is given and sometimes commented on. Consequently, the 

list of anthelid host records in Appendix C has to be used with extreme caution!

Despite all these problems linked to host records, certain tendencies are apparent. 

Some plant groups are clearly more widely accepted than others. For Anthelidae these 

are Acacia (Mimosaceae), Eucalyptus (Myrtaceae), grasses (Poaceae) and Casuarina 

(Casuarinaceae). In particular the host records of McFarland (1979) for different 

Pterolocera spp. and those for Cheleptetyx collesi show that at least some anthelid 

species have a preferred or principal host plant, but readily switch to feeding on other 

plants if necessary. Apart from being a highly interesting trait in itself, the occurrence of 

this opportunistic feeding behaviour demonstrates clearly that single host records, in 

particular of species bred in captivity, do not do justice to the complex host plant usage 

by Anthelidae and easily result in a distorted picture.

While many host records exist for Anthelidae feeding on plants, only a few for 

Anthelidae being eaten have been published. These include odd notes, such as the 

record by Stewart (1947) of caterpillar remains of Anthela denticulata being found in 

the stomach of a fan-tailed cuckoo. Other records are of generalist predators, such as 

crows (Passeriformes: Corvidae, Corvus sp.), crickets (Orthoptera: Gryllidae,

Teleogiyllus commodus) and ants (Hymenoptera: Formicidae, Iridomyrmex sp. and 

Pheidole spp.) feeding on Chelepteryx collesi caterpillars (Ramirez 1978). Bats are 

major predators of Lepidoptera in general. One bat species, Rhinolophus megaphyl/us 

(Chiroptera: Rhinolophidae), has been shown by Pavey and Burwell (1998) to have a 

preference for feeding on Anthelidae, presumably aided by the absence of tympanal 

organs in Anthelidae. A very large number of records of "caterpillars" as the food of 

birds are contained in Barker and Vestjens (1989, 1990), but rarely are these larvae 

identified even to family. Mites have been recorded several times on anthelid 

caterpillars by McFarland (1979), and Coupar and Coupar (1992), but of these at least 

the two identified mite species, Charletonia feideri (McFarland 1979) and Leptus 

charon (Southcott 1993) (both Acarina: Erythraeidae), have both been recorded from 

other hosts as well. Similarly, published records of Hymenoptera and Diptera from 

anthelid eggs, caterpillars and pupae either do not identify the parasitoid species (e.g., 

Turner 1936; Moore 1963b; Coupar & Coupar 1992) or refer to generalist parasitoids 

(e.g., Froggatt 1910; Riek 1962; Moore 1963b; Ramirez 1978). The only parasitoid
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species described from an anthelid host (Che/epteiyx col/esi) is Lioscinella australiensis 

(Diptera: Chloropidae) by Spencer (1978). This species had also been recorded from a 

gall and hence was considered to be a scavenger rather than a parasitoid specific to C. 

collesi. Only two nuclear-polyhedrosis viruses have been recorded from Anthelidae. 

Day et al. (1953) described a virus as "Borrelina anthelus" from a Pterolocera sp., and 

Teakle (1969) gave details on a virus isolated from Anthela varia, without giving the 

new virus a name. Both nuclear-polyhedrosis viruses are probably rather host specific, 

as indicated by the negative cross-contamination experiments of Teakle (1969).

A complete list of all anthelid parasitoid records is given in Appendix D.
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1.3) Literature on bombycoid phylogeny

The origin of the name "Bombycoidea" dates back as far as the introduction of our 

current nomenclatural system, when Linnaeus (1758) erected the subgenus Bombyx 

within the genus Phcilaena. Latreille ([1802]: 404) introduced the family level name 

"Bombycinae" (Fletcher & Nye 1982: viii), which was used with various endings (e.g., 

"Bombyces", "Bombycites", "Bombycina") for similar groupings of taxa by subsequent 

authors. These names were applied in a very broad sense for taxa of superficially similar 

appearance, such as a medium to large size, a stout and densely scaled body, and 

reduced mouth parts. Under these group names moths of many distantly related families 

were included, e.g., Hepialidae, Cossidae, Zygaenidae, Notodontidae, Satumiidae, 

Lasiocampidae and Bombycidae. Dyar's studies of caterpillars (1894, 1895, 1896) 

initiated a gradual narrowing of these groups (Franclemont 1973: 15) to finally comprise 

those families which are currently placed in the "bombycoid complex" sensu Lemaire & 

Minet [1998]: Anthelidae T urner, 1904; Bombycidae Latreille, [1802]; Brahmaeidae 

S winhoe, 1892; Carthaeidae C ommon, 1966; Endromidae B oisduval, 1828; Eupterotidae 

S winhoe, 1892; Lasiocampidae H arris, 1841; Lemoniidae H ampson 1918'; Mimallonidae 

B urmeister, 1878; Mirinidae K ozlov 1985; Satumiidae B oisduval, 1834 [1837]; and 

Sphingidae Latreille, [1802],

Since the erection of Bombyx by Linnaeus (1758), a huge number of publications on 

taxa in the bombycoid complex has appeared. Some of these include statements on the 

presumed relationships between the families, often based on superficial similarities of 

imagines only. Most of these similarities concern wing venation, as well as the presence 

or absence of the wing coupling structures frenulum and retinaculum, the morphology of 

the labial palpi, and the haustellum. Hampson (1901) erected the family Sabaliadae [= 

Lemoniidae] for a small group of Palearctic and African bombycoid taxa. He assumed 

this family to be closely allied to Brahmaeidae, a bombycoid family likewise of 

Palearctic and African occurrence. Forbes (1955) distinguished the Sabaliadae from the

1 The nomenclatural situation of the family group name Lemoniidae is complicated and uncertain. While 
it is beyond the scope of this thesis to resolve the complications and mistakes, two principal situations 
are possible: If the name Lemoniidae is a junior homonym of the butterfly family group name 
Lemoniidae Kirby, 1871, of which the validity is uncertain, the family group name Sabaliadae 
Hampson 1901 would be available as a replacement under the current definition of the family by 
Lemaire and Minet ([1998]). Alternatively, Lemoniidae is a valid family group name of uncertain 
authorship, possibly of Staudinger and Rebel (1901). In any case the authorship seems to be 
incorrectly accredited to Hampson, 1918 by Fletcher and Nye (1982: viii) and dates back earlier than 
1918.
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Eupterotidae by the approximation of the veins Sc+R to vein Rs beyond the cell in the 

hind wing of Sabaliadae. Forbes noted further that the Eupterotidae hardly differed from 

Bombycidae, but he distinguished them by the more apical forking of the fore wing 

veins Rsl+Rs2 versus Rs3+Rs4 in Eupterotidae. In this context it is noteworthy that his 

concept of the Eupterotidae included the subfamilies Apatelodinae and Prismostictinae, 

both of which have, in the past as well as are currently again, been placed in the family 

Bombycidae. In his revision of the Brahmaeidae and Eupterotidae of China, Mell 

([1930]: 485) assumed the Eupterotidae to be closest to the Brahmaeidae and 

Notodontidae (Noctuoidea), but this idea was based on ancestral characters.

Forbes (1916) discovered the occurrence of tympanal organs in a number of moth 

families, and later noted the absence of these structures in Bombycoidea and 

Satumioidea (Forbes 1923). In a short but excellent article Jordan (1923) presented a 

system to reliably distinguish various moth families by the occurrence of tympanal 

organs in combination with other characters. His system went unnoticed by subsequent 

authors for many years, but essentially forms the basis of our current "modem" 

classification. Classifications of early authors relied heavily on differences in wing 

venation, in particular on the relative position of vein M2 to veins Ml and M3 in the 

fore wing. Jordan (1923) drew attention to the median position of the vein M2 [his 

"R2"] in the fore wing, arguing that this position was ancient and hence insignificant for 

the understanding of evolutionary relationships. Similarly, he pointed out that the 

homoplastic loss of the veins CuP and 3A had very limited phylogenetic value. He 

further distinguished between primary and secondary absence of the wing coupling 

structures, the frenulum and retinaculum. In contradiction to his comment on the 

phylogenetic value of ancient characters he used the complete and hence, in his 

understanding, primary absence of the retinaculum and frenulum to define the 

superfamily Satumioidea as a "natural group". Further, he assumed the Eupterotidae to 

be very closely related to the Lemoniidae, which in turn he regarded as very similar to 

the Brahmaeidae. Jordan (1923), like Forbes (1955) many years later, noticed the 

difficulty in distinguishing between Eupterotidae and Bombycidae. However, he 

separated these two families on the basis of differences in the wing structure near the 

frenulum base, as well as in the shape of the "merum" [meron] of the midcoxa.

Turner (1947) reviewed historic classifications of Lepidoptera and proposed his own 

classification, in which he divided the bombycoid complex into the monotypic
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Lasiocampoidea, the monotypic Sphingoidea and the Bombycoidea. He relied heavily 

on differences in wing venation and emphasized the importance of the position of vein 

M2 in the fore wing, apparently unaware of Jordan's (1923) note on the insignificance of 

the median position of M2. Soon after, Michener (1952) published his extensive study 

of the Satumiidae of the western hemisphere, which remains the most detailed and most 

comprehensive morphological study of Satumiidae to date. This study includes a 

diagram of the relationships within the superfamily Satumioidea, in which he literally 

placed the families Cercophanidae and Oxytenidae on the lowest branches of his 

dendrogram. Michener (1952) defined the Satumioidea by two characters, the loss of the 

frenulum and the loss of at least one branch of vein Rs in the fore wing. Like Jordan 

(1924), Michener (1952) assumed the Cercophanidae, Oxytenidae and Satumiidae to 

form a monophyletic group (= Satumioidea), but he deemed his two defining characters 

as too weak and inconsistent to warrant a separate superfamily for these families. Hence, 

he followed Turner (1947) and included the three families Cercophanidae, Oxytenidae 

and Satumiidae in the Bombycoidea.

Common (1963) was the first author to note the lack of tympanal organs in the 

Anthelidae. He subsequently transferred the Anthelidae from the Noctuoidea, which are 

defined by the presence of a pair of metathoracic tympana, to the Bombycoidea 

(Common 1966). In the same publication Common (1966) erected the monotypic 

Australian family Carthaeidae in the Bombycoidea. Because of the presence of a number 

of plesiomorphic structures in Carthaeidae, which are reduced in many other 

Bombycoidea, he assumed the Carthaeidae to be the most "primitive" member of the 

Bombycoidea. He drew attention to [plesiomorphic] similarities with "primitive" 

Satumiidae, as well as to minor similarities with Eupterotidae and Anthelidae.

Brock (1971) systematically studied morphological details of a large group of 

Lepidoptera, the Ditrysia. In an attempt to reconstruct ditrysian phylogeny, Brock 

examined and developed hypotheses on the evolution of the radial system of veins in the 

fore wing, as well as of thoracic sclerites and the articulation between thorax and 

abdomen. Based on his hypotheses, Brock proposed a phylogeny for all ditrysian 

superfamilies, with one major clade consisting of Bombycoidea and Cossoidea as 

sistergroups. According to his new classification, the Bombycoidea comprised the 

Bombycoidea, Lasiocampoidea, Satumioidea, Sphingoidea and Psychoidea partim 

[Mimallonoidea] of previous authors, resulting in exactly the assemblage of families
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later referred to as the "bombycoid complex" by Minet (1994). Within the Bombycoidea 

he regarded the Lasiocampidae as the most "primitive" family, while he proposed that 

the Anthelidae formed a link between the more "primitive" Eupterotidae and the more 

"advanced" Bombycidae. He further assumed the Saturniidae to be derived from 

Carthaeidae and Brahmaeidae. While he provided hypotheses of step-wise 

transformations for several structures within the Bombycoidea, he did not provide any 

characters defining this superfamily.

Brock's work was strongly criticized by Scott (1986), in particular for not mapping 

character changes onto the branches of his dendrogram. Scott further suggested that the 

Macrolepidoptera formed a monophyletic group, refuting Brock's proposed clade of 

Bombycoidea+Cossoidea. He compiled a character matrix largely based on 

morphological details published by others, and summarized his hypotheses in a 

dendrogram, with character changes mapped onto its branches. Most notably, he 

excluded Mimallonidae from the bombycoid complex and placed this family outside the 

Macrolepidoptera in the Pyraloidea -  on the basis of several symplesiomorphies.

In a series of publications on the moths of America north of Mexico, the bombycoid 

complex was again split into several superfamilies by Franclemont (1973), namely the 

Mimallonoidea, Bombycoidea and Sphingoidea. In his treatment of the Bombycoidea, 

Franclemont (1973) characterized the Bombycoidea [5 . str.] by "the loss of or loss of 

function of various structures, the reduction in the wing veins and the expansion of the 

humeral angle of the hind wing", without specifying these losses and reductions any 

further. Similarly, Holloway (1987) vaguely defined the Bombycoidea on the absence of 

the M-stem in fore wing venation and the loss of haustellum and frenulum. As these 

structures are not lost in some members of several bombycoid families and hence these 

losses appear to be homoplastic, he concluded that the monophyly of the Bombycoidea 

was not supported by these losses. However, he presented some characters which group 

larger parts of the Bombycoidea together. The dilemma of defining the Bombycoidea 

entirely by non-universal and homoplastic reductions and losses was also pointed out by 

Common (1990) and Scoble (1995).

In his classification of Lepidoptera, Minet (1986) included the Sphingidae in 

Bombycoidea and voiced doubts about the monophyly of this superfamily, as he 

proposed only a single supporting apomorphy, namely the occurence of secondary hairs 

in caterpillars, which is a characteristic widespread in Macrolepidoptera. Nevertheless,
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Minet (1986) was the first to explicitly propose two synapomorphies for parts of the 

superfamily: the hypertrophy of the lateral setose plates of the anal prolegs in final instar 

caterpillars and the location of the D1 setae on an unpaired scolus on abdominal 

segment A8. Five years later he expanded his classification to a phylogeny of the 

Ditrysia, in which he split the Bombycoidea sensu Brock 1971 into three superfamilies, 

namely the Mimallonoidea, Lasiocampoidea and Bombycoidea 5. str., to assure 

monophyly of the latter (Minet 1991). This was achieved by excluding Lasiocampidae 

and Anthelidae from Bombycoidea and by placing the two families together in 

Lasiocampoidea. For the entire bombycoid complex he proposed six autapomorphies, 

while for Lasiocampoidea, Mimallonoidea and Bombycoidea he proposed four, one and 

two autapomorphies, respectively. In a subsequent study dedicated to the phylogeny of 

the Bombycoidea, Minet (1994) corrected and improved his argumentation, but most of 

all presented a proposal for a largely resolved phylogeny of the bombycoid complex 

based on individual character analyses (a priori determination of character polarity), 

summarized in a dendrogram. The classification based on this proposed phylogeny was 

maintained in Lemaire & Minet [1998], but the argumentation (proposed 

synapomorphies) was corrected and improved again. In their classification of the 

bombycoid complex Minet (1994), and Lemaire and Minet ([1998]) explicitly proposed 

urgently needed autapomorphies for each family.

The phylogeny of the bombycoid complex proposed by Minet (1994) rapidly 

attracted criticism from other authors. In their publication on the pre-imaginal instars of 

the "odd" African taxon Spiramiopsis comma, Oberprieler and Duke (1994) critically re

examined pre-imaginal synapomorphies proposed by Minet and pointed out several 

short-comings. They doubted the necessity of the split between Bombycoidea and 

Lasiocampoidea, and suggested synonymising Lemoniidae and Brahmaeidae [as was 

earlier done by Forbes (1955)]. In a study of the Australian eupterotid species 

Ebbepterote expansa, Oberprieler et a/. (2003) re-examined several of Minet's proposed 

synapomorphies, in particular the autapomorphies of the family Eupterotidae. They 

pointed out numerous problems and concluded that the monophyly of the Eupterotidae 

was only potentially supported by a single character of thorax morphology not examined 

by them. Further criticism of Minet's concepts came from Niculescu (1988, 1989a, b), 

who proposed his own classification almost entirely based on thorax morphology. His 

classification included the Mimallonidae in the Bombycoidea, but re-instated the
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monotypic superfamily Sphingoidea.

Kuznetzov and Stekolnikov studied the muscles of male genital structures across a 

wide range of Lepidoptera. One of their publications proposed a phylogeny of the 

bombycoid complex, based on male genital muscles only (Kuznetzov & Stekolnikov 

1985) [Their publication is in Russian; according to their English summary, their 

phylogeny is based on male genital muscles and some additional larval and pupal 

characters. I translated the Russian text, but did not find mention of any larval or pupal 

characters other than the occurrence of hairs on scoli in some caterpillars.]. They 

provided a fully resolved dendrogram of the families Lasiocampidae, Sphingidae, 

Satumiidae, Brahmaeidae, Endromidae and Bombycidae, which they arranged in the 

monotypic Lasiocampoidea, the monotypic Sphingoidea and the Bombycoidea. In a 

more recent publication Kuznetzov and Stekolnikov (2001) modified their concept of 

these superfamilies to include the families Lasiocampidae, Anthelidae, Lemoniidae, 

Eupterotidae and Apatelodidae in the superfamily Lasiocampoidea, as well as the 

families Carthaeidae, Satumiidae, Brahmaeidae, Endromidae and Bombycidae in the 

superfamily Bombycoidea. However, they apparently lacked representatives of many 

families (including Anthelidae) and simply accepted the placement of these families by 

Minet (1994). Subsequently, Stekolnikov and Zolotukhin (2002) published a detailed 

description of the muscles of male genital structures of two species of Lemoniidae, 

confirming the placement of Lemoniidae in Lasiocampoidea by two presumed 

synapomorphies, namely the reduction of muscle m2 and a gnatho-uncal articulation of 

the gnathos.

A tentative phylogeny of the bombycoid complex, very different from any previous 

one proposed, was presented by Heppner (1998). He derived a fully resolved phylogeny 

of 124 terminal taxa (families) from a character matrix with only 24 multi-state 

characters and a "review of the available literature" (Heppner 1998: 4). As his character 

states are remarkably constant among the bombycoid taxa and as previously published 

bombycoid phylogenies differ strongly from Heppner's dendrogram, the basis for 

Heppner's bombycoid phylogeny is not discernible. A bombycoid phylogeny of equally 

low value was published by Dolinskaya and Pljushch (2000), who examined the egg 

chorion of some bombycoid species. They illustrated a dendrogram of several 

bombycoid families based on their studies, but they did not list any characters or give 

any justifications for their hypotheses.
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In a masterly study of the adhesive devices of caterpillars, Hasenfuss (1999) noted a 

unique modification of the structure of the proleg cuticle, which he casually proposed as 

a possible autapomorphy of the bombycoid complex. While his study did not include all 

bombycoid families, it nevertheless included all of the major ones as well as a very large 

number of non-bombycoid taxa from many different families. Such wide sampling 

paired with the uniqueness of this character is rare and renders it the most convincing 

autapomorphy of the bombycoid complex published so far.

With the advent of automated DNA sequencing, molecular phylogenies for 

bombycoid taxa appeared in quick succession. The first publication used a short stretch 

of a single nuclear gene (Arylphorin) to hypothesize the relationships between nine 

species of Satumiidae and two species of Bombycidae (Shimada et al. 1995). Phenetic 

trees were calculated by a neighbor-joining algorithm and showed support for closely 

related taxa only within the Satumiidae. Likewise, but even less informatively, Hwang 

et al. (1999) claimed support of more than 99% confidence for the monophyly of 

Satumiidae and Bombycidae, but their samples consisted of only two species of the 

saturniid genus Antheraea and the bombycid species Bombyx mandarina and B. mori.

A phylogeny of Macrolepidoptera was derived from ND1 and 28S ribosomal DNA 

sequences in a search of butterfly origins (Weller & Pashley 1995), but the resulting 

trees were inconclusive for the few bombycoid taxa involved (insignificant statistical 

support).

A small number of molecular phylogenies within bombycoid families were published 

by the labs of Jerome C. Regier and Charles Mitter at the University of Maryland. They 

used the "known lepidopteran relationships [of certain bombycoid families]" (Regier et 

al. 1998: 1173) in "concordance studies" to benchmark the suitability of the genes used 

in their phylogenetic analyses. These studies included phylogenies of Attacini 

[Satumiidae] based on EFla and DDC sequences (Friedlander et al. 1998), of mainly 

North American Lasiocampidae derived from EFla sequences only (Regier et al. 2000), 

as well as of Sphingidae (Regier et al. 2001) and of Saturniinae [Satumiidae] (Regier et 

al. 2002) based on EFla and DDC sequences.

So far only Regier et al. (1998) targeted the phylogeny of the bombycoid complex up 

to family level, using a 909bp fragment of the period gene. The result, however, was 

largely inconclusive for relationships between families, as none of the clades proposed
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had convincing statistical support. Interestingly, Apatelodinae and Bombycinae -  both 

bombycid subfamilies according to Lemaire & Minet [1998] -  were not grouped 

together, but the actual placement of each of them was inconclusive, too.

Relatively little progress has been made since the popular usage of the term 

"Bombyces". While the superfamily has been stripped of obviously unrelated taxa, its 

definition by homoplastic characters of loss is not convincing and its presumed 

monophyly is accordingly uncertain. Many of the earlier authors stated difficulties in 

separating several of the bombycoid families from each other, namely the Bombycidae, 

Eupterotidae, Brahmaeidae and Lemoniidae. Until now, the monophyly of most 

bombycoid families has been uncertain despite the autapomorphies proposed for them 

by Minet (1994), and Lemaire and Minet ([1998]). But even worse, the monophyly of 

these families has only been rarely questioned. With the exception of Minefs 

bombycoid phylogeny (Minet 1994) the vast majority of other "phylogenies" and 

classifications is based only on the uncritical use of similarities. While Minefs concept 

of the bombycoid complex represents by far the most significant contribution to our 

current understanding of bombycoid phylogeny, it suffers from numerous problems. In 

particular, these are the frequent ad hoc postulation of reversals, the common use of 

characters of low information content (losses and reductions), and the incorrect scoring 

of character state occurrence, probably due to a lack of samples in certain groups. His 

hypotheses and their problems are discussed in greater detail in Appendix P. The few 

molecular phylogenies published for bombycoid taxa so far contribute little to the higher 

classification of the bombycoid complex. The genes used were not informative at the 

family level and the claimed "support" for the monophyly of various bombycoid 

families is flawed because of very limited, unrepresentative sampling. Taxa presumed to 

be critical for the understanding of the phylogeny were not included in these studies, and 

statistical support was generally only found for relationships between relatively similar 

taxa, leaving the "critical" questions largely unanswered.

Upon closer examination, it seems as if despite -  if not due to -  200 years of popular 

study of the bombycoid complex our knowledge of evolutionary relationships in this 

group is more of a guess.
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1.4) A ims of this thesis

The review of literature clearly demonstrates our overall lack of knowledge of the 

Anthelidae. While rather large quantities of information on various aspects of 

Anthelidae have been published, these are largely repetitive and often of limited value 

due to low quality (e.g., many faunistic, medical and host records) and/or uncertainty 

about the source (e.g., most morphological data). To a large extent this is caused by our 

current inability to reliably identify species based on publicly available taxonomic 

information alone. The publication of results based on incorrect species identification 

only obscures the available correct information. The current "taxonomic mess" deters 

people from attempting to resolve this problem by taxonomically revising the family, as 

is indicated by the virtual absence of taxonomic publications on Anthelidae for the last 

60 years. Further, the interpretation and application of currently available information is 

severely limited by the lack of a phylogenetic system that, if used correctly, can provide 

a justifiable basis for the interpretation and generalisation of observations made on a 

few taxa only.

The key to opening this taxonomic deadlock is a phylogenetic system to serve as a 

framework for future taxonomic revisions, which in turn are the indices to and links 

between any other type of study of Anthelidae. This thesis aims at establishing such a 

phylogenetic system, which will provide a justifiable and stable classification based on 

natural groupings of taxa. The following three particular goals are to be achieved 

through a number of specific objectives:

A) To gain insights into the evolution of Anthelidae

a  Re-examine phylogenetic hypotheses previously published.

a  Test the monophyly of the family Anthelidae and its subfamilies.

# Develop phylogenetic hypotheses based on morphological and molecular data for

a) the evolutionary relationships among anthelid taxa, and

b) the origin of the family Anthelidae.

m Critically test these phylogenetic hypotheses by examining the plausibility of 

character state changes implied by the phylogenies, by mapping additional 

characters (e.g., host records) onto the phylogenies, and by statistical analyses.
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B) To establish a stable classification on which subsequent taxonomic revisions can be 

based

Revise the current classification to reflect natural groupings consistent with the 

phylogenetic hypotheses, adjusting existing genera and subfamilies accordingly.

& Introduce new genera, tribes and subfamilies in accordance with the phylogenetic 

hypotheses if required.

C) To make previously published and newly gained knowledge of Anthelidae accessible 

to the public

# Summarize all currently available information on Anthelidae in a critical review 

with comprehensive lists of records (e.g., of host plants and parasitoids). 

a Summarize phylogenetic hypotheses in phylograms.

a Make high quality DNA sequences used as phylogenetic characters available on 

GenBank.
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CHAPTER TWO:

MATERIALS & M ET H O DS

11.1) M aterials

11.1.1) Museum collections and field collecting
Museum collections around the world house relatively large quantities of dried, 

pinned anthelid imagines as well as huge quantities of other taxa of the bombycoid 

complex. Their significance lies not only in the preservation of the unique type 

specimens, but also in their extensive spatial and temporal coverage, in historic records 

from habitats which have been changed or destroyed, and in knowledge potentially 

preserved in the arrangement of the specimens. Numerous collections were visited in 

person and/or loans were made in an attempt to obtain as broad a basis as possible for 

this study:

• Australian National Insect Collection C.S.I.R.O. (ANIC) -  

Australia, Canberra: visited

• Queensland Museum (QM) -  Australia, Brisbane: visited

• University of Queensland Insect Collection (UQIC) -  

Australia, Brisbane: visited

• Insect collection of the Queensland Department of Primary 

Industries (QDPI) -  Australia, Brisbane: visited

• Western Australia Museum (WAM) -  Australia, Perth: 

visited

• Insect collection of the Western Australia Department of 

Agriculture (WADA) -  Australia, Perth: visited

• Natural History Museum (formerly British Museum (Natural 

History)) (BMNH) -  United Kingdom, London: visited

• Zoologisch Museum, Universiteit van Amsterdam (ZMA) -  

The Netherlands, Amsterdam: visited
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• Nationaal Natuurhistorisch Museum (formerly Rijksmuseum 

van Natuurlijke Historie) (RMNH) -  The Netherlands,

Leiden: visited

• Museum für Naturkunde an der Humbolt-Universität zu 

Berlin (ZMB) -  Germany, Berlin: visited

• Forschungsinstitut und Naturmuseum Senckenberg (SMF) -  

Germany, Frankfurt: visited

• Staatliches Museum für Naturkunde (SMNS) -  Germany,

Stuttgart: visited

• National Museum (NMK) -  Kenya, Nairobi: visited

• National Museum of Natural History, Smithsonian 

Institution, (USNM) -  USA, Washington: loan of all anthelid 

specimens

• National Agricultural Insect Collection Kila Kila (NAIC) -  

Papua New Guinea, Boroko: digital images of all anthelid 

specimens in NAIC

• private Bombycoidea collection of Dr. Rolf Oberprieler,

CS1RO (CROC) -  Australia, Canberra: visited

• private insect collection of the author (CAZS) -  Germany,

Schlitz

Of these, the ANIC is by far the most significant collection for the study of 

Anthelidae as it holds numerous type specimens by Turner and Lower. Further, it has 

the largest and most complete collection of Anthelidae, covering all of Australia and 

parts of Papua New Guinea (Brandt collection). Overseas collections, in particular the 

BMNH, preserve a rather small number of anthelid specimens with a rather poor 

representation of anthelid diversity, but hold a large proportion of anthelid type 

specimens.

While museum collections provide a good basis for the morphological examination 

of sclerotized imaginal structures (e.g., wing venation and genital structures), they are 

generally not suitable for molecular studies, as they mainly consist of old specimens in 

which the DNA has entirely degraded. This often is due to the practise of relaxing the 

specimens with water for setting their wings. Likewise, pre-imaginal instars are rarely 

preserved in museum collections, and first instar caterpillars are particularly scarce.
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Again, the limited collection of preserved caterpillars and very few pupae in the ANIC 

is clearly the most significant one of its kind.

To obtain specimens for molecular studies as well as for morphological studies of 

soft imaginal parts (e.g., muscles and glands) and pre-imaginal instars, live specimens 

were collected in the field. Field collecting was carried out frequently in various habitats 

within 150km of Canberra from September until May. Numerous short and several 

longer field collecting trips were undertaken in Australia as well as overseas, 

specifically targeting species identified as critical for this study by imaginal 

morphology. Within Australia this included several short collecting trips to inland NSW 

and the Snowy Mountains, a five week collecting trip covering localities along coastal 

QLD from its southern border to as far north as Daintree NP north of Cairns as well as 

inland localities as far west as Charleville in autumn, a three week collecting trip to the 

Pilbara in WA during autumn, and a two week collecting trip to southern WA in spring. 

To obtain specimens of the bombycoid complex critical for molecular studies I further 

collected in south-eastern Kenya for two weeks, as well as on the Philippine island of 

Palawan. A comprehensive list of collecting localities and dates is given in Appendix E.

The field collecting of Australian specimens was covered by several permits:

area covered licence type licence licence issu in g  body
n um ber holder

A C T  (N a tio n a l 
P a rk s  &  S ta te  
F o re s ts )

le tte r  o f  a g re e m e n t [none] A n d re a s  Z w ic k E n v iro n m e n t A C T

N S W  (N a tio n a l S c ie n tif ic  R e se a rc h 3 3 1 9 A n d re a s  Z w ick N S W  N a tio n a l P a rk s  an d
P a rk s  &  S ta te  
F o re s ts )

L ic e n c e W ild life  S e rv ic e

V IC  (N a tio n a l R e se a rc h  P e rm it 1 0 0 0 2 0 7 6 A n d re a s  Z w ic k D e p a rtm e n t o f  N a tu ra l
P a rk s  &  S ta te R e so u rc e s  an d
F o re s ts ) E n v iro n m e n t

Q L D  (S ta te  F o re s ts p e rm it to  c o lle c t 1714 D r. D av id Q u e e n s la n d  P a rk s  an d
o f  th e
A th e r to n /M a re e b a  
Q P W S  W et 
T ro p ic s  D is tr ic t 
a re a )

Y e a te s W ild life  S e rv ic e

Q L D  (N a tio n a l p e rm it to  c o lle c t F I /0 0 0 2 4 6 /0 2 /S D r. D a v id Q u e e n s la n d  P a rk s  an d
P a rk s ) A A Y  ea te s W ild life  S e rv ic e

W A  (N a tio n a l lic e n c e  to  ta k e S F 0 0 4 1 4 5 T o m  W e ir D ep . o f  C o n se rv a tio n  an d
P a rk s  &  N a tu re fa u n a  fo r  sc ie n tif ic L an d  M a n a g e m e n t
R e se rv e s ) p u rp o se s

W A  (N a tio n a l lic e n c e  to  ta k e S F 0 0 4 3 0 1 D r. C h ris tin e D ep . o f  C o n se rv a tio n  an d
P a rk s  &  N a tu re fa u n a  fo r  sc ie n tif ic L a m b k in L an d  M a n a g e m e n t
R e se rv e s ) p u rp o se s
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To collect specimens in the field, a white sheet was set up like a screen and a UV- 

emitting light source was placed in front of it. This was either a clear Mercury Vapour 

bulb (250W) powered by a Honda generator (EX650) [Fig. 2] or a 20W UV-fluorescent 

tube ("blacklight") powered by a sealed lead-acid battery (12V, 17Ah) through a voltage 

inverter. Usually, several such lights were set up in different habitats and run from dusk 

till dawn. The lights were attended throughout most of the night and specimens were 

collected manually.

In addition to material obtained during field collecting, specimens for molecular 

studies were purchased from amateur breeders in Europe. Further, five specimens of 

three North American bombycoid taxa were kindly provided by Bruce Walsh at the 

University of Arizona (USA, AZ, Tucson) and James Costa at the Western Carolina 

University (USA, NC, Cullowhee), and caterpillars and cocoons of two Australian 

anthelid species by Gerhard Weber (Australia, SA, Adelaide).

Fig. 2: Field collecting in the Pilbara (WA) -  typical setup for moth collecting with light.
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1.1.2) Taxa sampled for morphological study and DNA 

sequencing
The ANIC holds specimens of all described and most undescribed Australian 

anthelid species (about 150 spp.), as well as a number of New Guinean anthelid species 

(about 15-20 spp.). Of these, genitalia preparations of male specimens were made for all 

visually distinct taxa, often of more than one specimen to assess variation. Male genital 

structures are usually highly informative within the family and were used to identify 

closely related taxa, of which representatives were chosen for further morphological and 

molecular studies, depending on their availability. Unfortunately, no fresh specimens 

from New Guinea (including the endemic genus Pseudodreata) for DNA sequencing 

could be obtained, but members of all other identified species groups were collected.

For the phylogenetic analyses of the placement of Anthelidae within the bombycoid 

complex, taxa were targeted which are either "critical" (typical members of current 

families and subfamilies as well as "odd", monotypic or "primitive" taxa) according to 

the literature, or which are assumed to be so, based on previous own observations, as 

well as on the advice of Dr. Rolf Oberprieler (ANIC) and Dr. Wolfgang Nässig (SMF). 

Again, the final choice was restricted by the availability of specimens, but overall the 

bombycoid complex was well covered for morphological as well as molecular studies, 

with only two families (Mimallonidae and Mirinidae) and a few subfamilies not being 

available for molecular studies. For comprehensive lists of genitalia preparations, whole 

body preparations, SEM preparations and DNA samples see Appendices F-I.
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II.2) M orphological methods

II.2.1) Dissections

11.2.1. A) Fresh and fixed specimens
Freshly killed specimens were pinned into a petri dish with a foam bottom and insect 

ringer solution (9.1 g NaCl, 0.52g KCl, 1.2g CaCF, 0.8g MgCf, 11 FFO). Female genital 

structures and muscles of male genital structures were dissected by cutting open the 

abdomen with a pair of micro-scissors and carefully cleaning the abdomen of internal 

organs including the intestinal tract, tracheae and fat bodies with a pair of fine forceps. 

Muscles were stained by briefly dipping the entire preparation into aqueous, acidic 

Aniline Blue solution (lmg Aniline blue, 2ml glacial acetic acid, 98ml water) and 

rinsing it with water.

Specimens fixed in the field with Kahle's fluid (30 parts distilled water, 15 parts 95% 

ethanol, 6 parts 35% formalin, 2 parts glacial acetic acid) and stored in 80% ethanol 

were likewise dissected in 80% ethanol, rather than in insect ringer.

11.2.1. B) Maceration of specimens
To examine the sclerotized structures of dried specimens, their tissues had to be 

removed by maceration. Body parts (e.g., the entire abdomen for genitalia preparations) 

or entire specimens were individually placed in a vial with 10% aqueous potassium 

hydroxide (KOH) solution and brought to boil briefly in a water bath (electric water 

kettle), where they remained for another 10min after boiling. Scales were removed with 

a trimmed brush from the softened samples, and large pieces of tissue and internal 

organs were removed with a pair of forceps. If necessary, samples were boiled up a 

second time to remove smaller remnants of tissue.

For preparations of genital structures the abdominal membrane was cut with a pair of 

micro-scissors along the left pleura and detached from the genital structures by tearing 

the membrane with two pairs of fine forceps. For male genital structures the membrane 

was tom around the annulus, while for female genital structures it was tom along 

tergum VIII and ventrally along the lateral and proximal edges of stemite VII to preserve 

the ostium bursae with lamellae ante- and postvaginalis. All genital structures and the 

abdominal membrane were stored in vials with a mixture of 70% absolute ethanol and 

30% glycerine (to protect them from drying out and to keep them flexible). Identical
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labels with a unique index number and the collecting data were placed in the vial as well 

as on the specimen pin for every genitalia preparation. All other preparations were 

stored and labelled likewise.

Only the sclerotized parts of male genital structures remained after maceration and 

were generally preserved unmodified. They were not "flattened out" and slide-mounted 

as is commonplace for Lepidoptera, because their three dimensional structure is 

essential for the understanding of function as well as for forming hypotheses of 

homology.

Of the female genital structures not only the sclerotized structures and bursa 

copulatrix were preserved, but also spermatheca, accessory glands and the ducts of the 

ovarioles if possible. Membranous structures were stained by briefly dipping the entire 

preparation into a Chlorazol Black solution.

A comprehensive list of all preparations is given in Appendices F & G.

IL2.2) Observation and documentation

11.2.2. A) Photos
Photos of whole specimens (all instars) and larger structures were taken with a digital 

SLR camera (Canon EOS 300D), a dedicated macro lens (Tamron SP AF 90mm f/2.8), 

a set of extension tubes (Kenko C/AF) and a corded E-TTL flash (Sigma EF-500 DG 

Super). The same setup with a zoom lens (Canon EF-S 18-55mm f/3.5-5.6) was used for 

all other photos.

11.2.2. B) Light microscopy (drawings and images)
All specimens, fresh and macerated dissections and preparations were examined with 

a dissecting stereomicroscope (WILD M3C, Leica) and fibre-optic ring-light (Intralux 

5000-1, Volpi) in the ANIC. Structures were either documented by drawing with help of 

a camera lucida (WILD M5 drawing tube) attached to the WILD M3C or by digital 

images taken with a video camera (Olympus DP70) mounted on a dissecting 

stereomicroscope (Leica MZ 8). Of most structures multiple digital images at different 

focal levels were taken and combined to a single image of greater depth of field with the 

software Auto-Montage™ version 4.02.0014 (Syncroscopy).

11.2.2. C) Scanning electron microscopy
Small structural details including the mouth parts of first instar caterpillars and the
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sensilla of imaginal antennae were examined with a scanning electron microscope 

(SEM). SEM samples had to be either air-dried (all strongly sclerotized imaginal 

structures, e.g., imaginal antennae) or dehydrated through a series of ethanol baths of 

increasing concentrations and critical-point dried (all softer, ethanol-fixed samples, e.g., 

caterpillars). Dry samples were mounted on metal studs with a double-sided carbon 

sticky tape. They were gold sputtered (~30nm thickness: 4min, 0.15 Torr vacuum, 

200V, 42.5mA) with a Balzers Union sputter coater at the Microscopy Centre of CSIRO 

Entomology. For samples which did not adhere well to the sticky tape due to scales or 

hairs, electric contact was improved by the addition of a droplet of conductivity silver to 

reduce electrostatic charging in the SEM. Samples were examined with a Cambridge 

S360 scanning electron microscope at the ANU Electron Microscopy Unit (EMU).

Anthelid caterpillars of Munychryia senicu/a and Anthela ocel/ata, as well as of 

Cotana serranotata (Eupterotidae) and an Epicoma species (Notodontidae), were 

examined by Cryo-SEM. The live specimens were shock-frozen when placed in a 

chamber cooled by liquid nitrogen. The frozen samples were gold sputtered if necessary 

and inserted into the cold stage of the Cambridge S360. Samples were examined with 

the SEM in this frozen state.

A total of 647 digital images of 66 preparations was taken directly through the SEM. 

A comprehensive list of all preparations is given in Appendix H.

11.2.2. D) X-ray microanalysis (EDXA)
Some vesicles on the surface of the caterpillar integument were qualitatively analysed 

by X-ray microanalysis. Frozen sarnies, which were not sputtered with gold, were 

examined in the cold stage of the Cambridge S360 SEM. The structures to be examined 

were hit with an electron beam at lOkV, which caused hit atoms to emit x-rays of 

intrinsic wavelengths. These x-rays were detected by an Energy Dispersive X-Ray 

Analyzer (Tracor Northern EDXA detector) and the resulting spectrum was recorded 

and documented as an image file. Peaks in this spectrum indicate which different 

elements are present in the examined structure.

11.2.2. E) Wing venation
Wings of dried specimens were broken off and their scales removed with a small 

brush. They were examined and their shape and venation illustrated by drawing as 

described for light microscopy in general (see above, II.2.2.B). Due to the large size of
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the wings and their veins, bleaching and staining as described for Microlepidoptera by, 

e.g., Zimmerman (1978: 73-87) was not necessary.

For some specimens, in which only the arrangement of a few veins had to be 

checked, wings and scales were not removed, but instead wings were locally moistened 

with absolute ethanol to reveal the veins beneath the scales.

II.2.2.F) Pupal tracheation
Relatively recently hardened pupae (about one week after cocoon spinning) were 

removed from their cocoons and the semi-transparent cuticle over their developing 

wings was painted with clear nail polish. This resulted in a very smooth surface and 

thereby reduced diffuse reflections of light, which are caused by the microscopically 

rough cuticle. Pupae were examined periodically with a stereo-lens until the onset of 

scale pigmentation, which commenced close to eclosion of the moths. Visibility of 

tracheae was improved by illuminating the pupae laterally with a fibre-optic light 

source, causing reflections of light in the air-filled tracheae. The arrangements of 

tracheae in the developing wings were documented by taking pictures through the ocular 

of the stereo-lens with a digital camera (Nikon Coolpix 995) in one case, and illustrated 

by drawing with help of a camera lucida otherwise (see above, II.2.2.B).
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II.3) M olecular methods

All molecular work was carried out in the molecular laboratory of the School of 

Botany and Zoology at the ANU.

11.3.1) Fixation and extraction of sample DNA
Live specimens, preferably male imagines for reliable identification, were fixed in 

95% or absolute ethanol and immediately stored in a -20°C freezer. During longer field 

collecting trips as well as with specimens received by mail from overseas, freezing was 

not possible until several weeks after fixation in absolute ethanol.

For DNA extraction, thoracic muscles of imagines were used to avoid contamination 

with foreign DNA from gut contents or external particles. If caterpillar samples only 

were available, entire first instar caterpillars were used prior to the commencement of 

feeding, or only longitudinal abdominal and/or proleg muscles of older caterpillars were 

used. To reduce the usage of hazardous chemicals, DNA extraction was facilitated by 

salt extraction (see Appendix J.l for the protocol).

11.3.2) Genes sampled
Due to time constrains and a very limited budget, only genes which had already been 

used successfully in other phylogenetic analyses and for which primer sequences were 

available were considered for sequencing. A search for novel genes and primers was 

beyond the scope and possibilities of this study. Gene choice was further restricted by 

sub-optimal fixation of DNA samples (fixed in ethanol with no possibility to freeze 

samples collected during longer field trips in hot climates), ruling out the sequencing of 

genes like DDC and PEPCK, which would have required the preservation of mRNA 

(fixation of samples in liquid nitrogen) for costly RT-PCRs.

Initially, gene fragments frequently used for lepidopteran phylogenies and with 

numerous primer sequences available were chosen: 1246bp of elongation factor 1 alpha 

(EFla) and 2321 bp of cytochrome oxidase I and II (CO I & II). Based on a preliminary 

examination of these sequences, which revealed variable codon positions to be saturated 

in both genes, fragments of more conserved genes were sequenced. These were 

fragments of the ribosomal genes 12S, 18S and 28S, and fragments of the protein coding 

genes wingless and carbamoylphosphate synthetase (CPS), which is a domain of the
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fusion protein CAD (carbamoyl-phosphate synthetase, aspartate transcarbamylase, 

dihydroorotase ).

II.3.3) Gene amplification
Gene fragments were amplified by standard polymerase chain reaction (PCR; see 

Appendix J.2 for the protocol), using a Cooled Thermal Cycler PC-960C from Corbett 

Research and a touch-down program with stepwise reduction of annealing temperature 

(down to 40°C) to increase chances of fragment amplification (see Appendix K.l for the 

program). As the maximum sequence length was limited to about 630bp by the 

capillaries used in the sequencer, much longer gene fragments (EFla and CO I & II) 

were subdivided into several shorter, overlapping fragments for PCR and sequencing, 

resulting in the following successful primer pair combinations (see Appendix L for 

primer sequences):

g e n e f r a g m e n t
#

fw d  p r im e r r e v  p r im e r f r a g m e n t  
le n g th  [b p ]

E F la A M3 rc M 5 1.1 540

E F la B M 44.1 rcM 52.6 657

E F la C M 4 4 .1 rcM 4 1071

E F la D M 46.1 rcM 4 766

E F la E M 51.9 rcM 4 516

CO  I & 11 A T Y -J-1460 C l-N -1 8 4 0 a 379

CO  1 & 11 B C 1 -J-1751 e C 1-N 2329 577

CO  I & II C C l-J-1 7 5  le C l-N -2 5 7 8 f 826

C O  I & 11 D C l-J -2 4 9 5 a T L 2-N -3014 518

CO  1 & II E C l-J -2 7 9 2 a C 2-N -3389a 596

CO  I & II F C 2-J-3138 T K -N -3782 643

w ingless A L epW gl M odL epW g2 378

CPS A 806F 1124R 953

CPS B 843F B O M 1 0 5 7 R B O M 641

CPS C 806F 1057R B O M 752

28S A S3660 A 335 -7 8 0

12S A J 14199 N 14594 -4 3 9

18S A 18S-2880 18S-B 510

PCR product quality and quantity was checked by electrophoresis in a 1% agarose gel 

(an example is shown in Fig. 3; see Appendix J.3 for the protocol). Weak PCR products 

as well as PCR products with more than one strong band were excised from a 1%
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agarose gel and cleaned with an UltraClean 15IM DNA Purification Kit (see Appendix 

J.4 for the protocol). PCR products with a single strong band were cleaned directly by

ammoniumacetate/ethanol precipitation (see Appendix J.5 for the protocol).

Fig. 3: Control of PCR product quality and quantity -  an amplified EFla fragment run out by 
electrophoresis in an agarose gel; weak PCR products (e.g., fifth lane from the right) were excised and 
purified; HyperLadder IV in central, negative and positive controls in most right-hand lanes.

11.3.4) Sequencing
Cleaned PCR products were prepared for sequencing in a sequencing reaction using 

the dye terminator mixture BigDye 3.1. Excess labelled nucleotides of the BigDye 3.1 

mixture were removed in subsequent precipitation and wash steps (see Appendix J.6 for 

the protocol, and Appendix K.2 for the sequencing reaction program cycle times). 

Sequencing reaction products were sequenced by an automated cycle sequencer AB1 

3100 Genetic Analyzer (Applied Biosystems/Hitachi). For all fragments the forward as 

well as the reverse strand were sequenced.

11.3.5) Sequence processing
Sequences were obtained from the sequencer in ABI format, which includes the 

chromatogram and the sequence interpreted from it by the ABI base-caller software. All 

sequences were processed with the software package Phred/Phrap/Consed (Ewing et al. 

1998a, b; Gordon et al. 1998): Chromatograms were re-analysed with Phred (base- 

caller, version 0.020425.c) and alternative sequences with quality values for every base- 

call were generated. Contigs (combinations of forward and reverse strands of all gene 

fragments, resulting in a single consensus sequence) were assembled directly with Phrap
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(assembler, version 0.990329), using the quality values generated by Phred as guidance 

and thereby eliminating the need to cut off stretches of low quality sequence (ends) prior 

to assembly. All contigs were manually checked against their chromatograms in Consed 

(graphical contig editor, version 13.39(ß)), using ABI as well as Phred base calls and 

utilizing Consed's guidance functions to double-check for low quality areas and base- 

call mismatches between individual chromatograms. Primer sequences were excluded 

from contigs. All contigs were exported to FASTA format for sequence alignment.

Following initial sequence alignment of all contigs (see below, II.4.1.B) base-calls 

for all parsimony informative characters were re-checked in Consed and all contigs were 

entirely checked manually a second time to assure sequence quality. The double- 

checked contigs were all exported to FASTA format for final sequence alignment. For 

protein coding genes to be used in the phylogenetic analyses (EFla and CPS), sequence 

quality was further checked by translating the final DNA sequences to amino acid 

sequences with the software MEGA version 3.0 (Kumar et al. 2004).
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II.4) P hylogenetic m eth o d s

II.4.1) Forming hypotheses of homology

11.4.1. A) Morphological characters
Based on the criteria of homology proposed by Remane (1952), hypotheses on the 

homology of structures in specimens of different species were formed. These sufficient 

criteria are:

a) the location of a structure relative to other structures (criterion of location),

b) the agreement in details of a structure (criterion of specific quality), and

c) the transformation of structures (criterion of continuity), which essentially 

represents an application of a) and b).

Hypotheses of homologous structures were coded as characters and hypotheses of 

homologous details of these structures as character states in a character matrix in Nexus 

format (Maddison et al. 1997). For the Hennigian Argumentation multi-state characters 

were split into a number of binary characters for ease of use and transparency. 

Transformation series were coded as additive binary characters.

The hypotheses of homology are formed in individual character analyses (sections 

III. 1.4, II1.2.4, III.3.2, III.4.2, III.5.2, III.6.2) and are the basis of the Hennigian 

Argumentation (section III.7). They are also used in the cladistic analyses (chapters IV 

& VI), in which the hypotheses of homologous details (character states) are regarded as 

primary homologies sensu de Pinna (1991).

11.4.1. B) Molecular characters
The alignment of sequences is the forming of hypotheses of homology for characters 

based on the criterion of location (see above, section II.4.1.A) alone, while the 

hypotheses of homology for character states is only based on the criterion of specific 

quality.

For each gene sequences of different specimens were aligned using the multiple 

alignment program ClustalX version 1.83 (Thompson et al. 1997) with default 

parameters. All alignments were visually checked in the program SeaView (Galtier et al. 

1996) and manually corrected if necessary. Alignment of protein coding genes was 

straightforward, but alignments of ribosomal genes required a lot of manual aligning due 

to hyper-variable regions with multiple insertions and deletions ("indels").
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Sequence alignments were directly used as character matrices by saving them in 

Nexus format.

II. 4.2) Hennigian Argumentation
The development of phylogenetic hypotheses by Hennigian Argumentation of 

morphological characters is based on methods formalized by Hennig (1950, 1966; for a 

recent discussion of these methods and their theoretical basis see Wägele 2001). This 

method consists of individual character analyses (sections III. 1.4, III.2.4, III.3.2, III.4.2,

III. 5.2, III.6.2) and a subsequent argumentation (section III.7), in which the results of the 

character analyses are evaluated and interpreted on the basis of parsimony.

The analysis of each character includes three steps:

•  Firstly, a character and its character states are postulated by the formation of 

hypotheses of homology of morphological structures (see section II.4.1).

•  Secondly, hypotheses of which character state is plesiomorphic and which states are 

apomorphic are formed. This determination of the polarity of the character is carried 

out a priori by outgroup comparison.

For an outgroup comparison a group of monophyletic taxa is defined as the ingroup. 

As many as possible of the other known taxa (the outgroup) are screened for the 

occurrence of character states present in the ingroup. If a character state is shared by 

the ingroup and the outgroup it is hypothesized to be the plesiomorphic state of the 

character. On the contrary, any character states that are unique to the ingroup are 

hypothesized to be apomorphies within or of the ingroup. As the hypotheses of 

homology of structures as well as the hypotheses of monophyly of the ingroup taxa 

are axiomatic assumptions of the method of outgroup comparison, these hypotheses 

have to be well supported. If more than one character state of a character appears to 

be shared by the ingroup and the outgroup (= to be plesiomorphic), several causes of 

the error are possible and a re-examination of the actual specimens and subsequent 

hypotheses is necessary:

♦ A hypothesis of homology of the structural details (character state) is incorrect, 

i.e., the structural details assumed to be present in a taxon are not homologous 

with the structural details observed in other taxa (the structural details are only 

superficial similarities).
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♦ The hypothesis of homology of the character ("frame homology") is incorrect, i.e., 

some of its character states belong to a different (possibly not defined) character.

♦ The hypothesis of monophyly of the ingroup taxa is incorrect, i.e., taxa of the 

ingroup are regarded as members of the outgroup.

♦ A mistake has been made in the scoring of the characters.

•  Thirdly, the quality of the hypothesis of homology of the postulated apomorphic 

character state is judged a priori on the basis of the quality and quantity of the 

indications of homology (additive use of the criteria of Remane). For every 

postulated apomorphic character state of each character (one for binary characters) an 

informal assessment of the quality of its hypothesis of homology is stated in the 

summary of the character analysis (sections III. 1.4, III.2.4, III.3.2, III.4.2, III.5.2, 

III.6.2). The hypothesis is judged to be "very poorly", "poorly", "moderately", "well" 

or "very well" supported. The better the support for the hypothesis is, the stronger is 

the confidence in the hypothesis.

Only apomorphies (hypotheses of homology for structural details, which are 

hypothesized to be apomorphic) are considered in the subsequent argumentation. The 

occurrence of apomorphies in several taxa is interpreted as being caused by a single 

evolution of the apomorphy in a shared ancestor of these taxa, which, in the absence of 

other indications, is always the most parsimonious explanation for the distribution of the 

apomorphy amongst the taxa. Hence, taxa that share an apomorphy (= possess a 

synapomorphy) are hypothesized to form a monophylum, i.e., to be "a group of 

organisms sharing an ancestor only common to them" (Wägele 2001: 70). In contrast, 

the sharing of a plesiomorphic character state (= symplesiomorphy) by some taxa does 

not allow the postulation of monophyly for these taxa, because this group of taxa shares 

a common ancestor, but lacks those taxa with the apomorphic character state(s) as well 

as taxa in the outgroup with the plesiomorphic character state.

Different apomorphies can support the same or different monophyla. In the latter case 

they form an encaptic system of monophyla, i.e., a system, in which every monophylum 

is part of a larger monophylum (except for the largest one). Such an encaptic system of 

monophyla is a phylogenetic hypothesis of the evolutionary relationships between 

monophyla and can be visualized in a dendrogram. If the monophyla were given facts, 

the assembly of the encaptic system would be trivial. However, monophyla are
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conceptual constructs based on hypotheses of homology and apomorphy, which in turn 

are based on observations (= interpretations of visual sensory signals). Hence, 

hypotheses of monophyly can be wrong. This is sometimes, but not necessarily, 

apparent as an incompatibility between monophyla, i.e., in a pair of monophyla both 

include only some of the taxa included in the other monophylum. This indicates an error 

in at least one of the hypotheses of synapomorphy supporting the monophyla. If a re

examination of the specimens and a repeated character analysis does not lead to a 

different hypothesis of apomorphy, the conflict might be decided in favour of the better 

supported hypothesis of monophyly (the hypothesis that one has greater confidence in). 

If incompatible monophyla differ in the number and/or quality of their supporting 

hypotheses of synapomorphy, it is possible to argue for the better supported 

monophylum and to refute the hypothesis of the other. If no distinction can be made on 

this basis, the conflict can be presented as an unresolved polytomy in a consensus 

dendrogram.

Refuting any monophylum requires an explanation other than monophyly for the 

observed distribution of its supporting synapomorphies. Such ad hoc explanations can 

be, e.g., the apparent secondary absence of structures due to strong reduction or loss, the 

modification of a structure beyond recognition, or the incorrect homologization of 

structural details in different taxa (superficial similarity of structural details due to 

analogy or convergence).

II.4.3) Cladistic analysis (Maximum Parsimony)
Unlike a Hennigian Argumentation (see section II.4.2), a cladistic analysis does not 

include character analyses, which determine a priori the quality and polarity of character 

states. Instead, directly observable similarities of structures in different taxa are defined 

as discrete character states, the primary homologies sensu de Pinna (1991). These 

primary homologies are tested in the cladistic analysis for congruence with other 

primary homologies, resulting in their confirmation (secondary homology) or rejection 

(homoplasy). As in a Hennigian Argumentation, the principle applied in the analysis is 

parsimony. Based on the assumption that the presence or absence of a specific character 

state in a number of taxa is likely to be caused by a single evolutionary event in a shared 

ancestor, that topology of a dendrogram is searched which requires the smallest number 

of evolutionary events (character state changes) to explain the given distribution of

- 4 9 -



II.4.3) Cladistic analysis (Maximum Parsimony) 

character states (= most parsimonious topology). This requires the axiomatic 

assumptions that terminal taxa are monophyla represented by ground patterns as 

characters and that all character states, if they conflict with other states, have the same 

probability of being homologies or alternatively be weighted accordingly (Wägele 2001: 

191).

I used morphological as well as molecular characters in separate as well as combined 

cladistic analyses. The morphological characters are based on the characters used in the 

Hennigian Argumentation (sections III. 1.4, III.2.4, III.3.2, III.4.2, III.5.2, III.6.2), but 

unlike in the Hennigian Argumentation they are restricted to directly observable 

similarities. Some characters of the Hennigian Argumentation are merged into 

multistate characters, while other characters of the Hennigian Argumentation are split 

up. Occasionally, additional character states are introduced to reduce the number of 

inapplicables in the character matrix. The molecular characters are defined by the 

alignment of the sequences (see section II.4.1.B).

For both morphological and molecular characters Maximum Parsimony Analyses 

were carried out in PAUP* version 4.OB 10 (Swofford 2002). Characters were generally 

analysed unweighted (with an implied equal weight) and unordered, but molecular 

characters were additionally analysed with arbitrary differential weights by codon 

position to reduce the impact of saturated third codon positions on the analyses. The sets 

of weights by codon position are 1-1-1, 2-3-1, 5-5-1, 10-10-1 and 1-1-0. In all analyses a 

heuristic search with branch swapping by tree-bisection-reconnection (TBR), random 

sequence additions and 1000 replicates was used. Resulting trees were rooted by 

outgroup addition.

II.4.4) Maximum Likelihood Analyses
For molecular characters, Maximum Likelihood Analyses were run in PAUP*. The 

best fitting models and their parameters for these analyses were chosen on the basis of 

hierarchical Likelihood Ratio Tests (hLRT) and Akaike Information Criterion (AIC) as 

implemented in the program ModelTest version 3.7 (Posada & Crandall 1998). The 

resulting parameters of the command "Lset" used in the Maximum Likelihood Analyses 

in PAUP are as follows:
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taxa genes model parameters o f  the command "Lset" used in PA UP

Anthelidae EFla TIM+I+G Base=(0.2773 0.2730 0.2301) Nst=6 Rmat=( 1.0000 
6.8966 1.5700 1.5700 10.6992) Rates=gamma 
Shape=1.3165 Pinvar=0.6594

Anthelidae CPS GTR+I+G Base=(0.3949 0.1445 0.1735) Nst=6 Rmat=(2.7777 
10.3144 2.5421 2.8590 21.3775) Rates=gamma 
Shape=1.4565 Pinvar=0.5051

Anthelidae EFla & 
CPS

GTR+I+G Base=(0.3123 0.2257 0.2184) Nst=6 Rmat=( 1.6646 
9.8161 3.8357 1.8521 17.1106) Rates=gamma 
Shape=T.5018 Pinvar=0.6070

bombycoid
complex

EFla GTR+I+G Base=(0.2713 0.2602 0.2278) Nst=6 Rmat=(4.7168 
30.5033 13.4963 3.1343 39.3659) Rates-gamma 
Shape= 1.3620 Pinvar=0.6425

bombycoid
complex

CPS GTR+I+G Base=(0.4312 0.1263 0.1361) Nst=6 Rmat=(3.6235 
11.6608 0.6592 3.4994 32.4701) Rates=gamma 
Shape=0.5558 Pinvar=0.4363

bombycoid
complex

EFla & 
CPS

GTR+I+G Base=(0.3149 0.2090 0.2151) Nst=6 Rmat=(5.4679 
25.0920 10.3795 4.3979 47.5998) Rates=gamma 
Shape=1.0365 Pinvar=0.5899

II.4.5) Bayesian analyses
Bayesian analyses of molecular characters were carried out with the software 

MrBayes version 3.1.1 (Huelsenbeck & Ronquist 2001; Ronquist & Huelsenbeck 2003). 

Datasets were partitioned by codon positions for protein coding genes as well as by 

different genes in combined analyses. Default values were used for the prior probability 

distribution of the parameters of the likelihood model, with the exception of the rate 

multipliers of the partitions, which were specified to be variable ("prset 

ratepr=variable"). The likelihood model was set to be a GTR model with rates for a 

proportion of the sites being constant, while the rates for the remaining sites were drawn 

from a gamma distribution ("lset nst=6 rates=invgamma"). For all partitions the gamma 

shape parameter, proportion of invariable sites, character state frequencies and 

substitution rates of the GTR model were unlinked ("unlink shape=(all) pinvar=(all) 

statefreq=(all) revmat=(all)"). The Markov Chain Monte Carlo analysis was run for 

2,000,000 to 5,000,000 cycles, and samples were take every 1,000 cycles ("mcmc 

ngen=5000000 samplefreq=1000"). Each analysis consisted of two simultaneous runs 

(separate analyses), and conservatively only those sampled trees were included in the 

majority rule consensus tree which were generated after the sampled trees converged
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onto each other as indicated by the average standard deviation of split frequencies 

falling below 0.01. An average standard deviation of split frequencies of 0.01 or less 

was always reached much later in the analysis than convergence of log likelihood values 

of the cold chain, which was typically used to determine the number of sampled trees to 

be discarded as "bum in" in previous versions of MrBayes.

II.4.6) Statistical support values
Based on pairwise distances and transition/transversion ratios calculated in PAUP*, 

saturation plots of the codon positions of the different genes were created with the 

spreadsheet module of OpenOffice version 1.1.4. Likewise, statistics on parsimony 

informative character numbers and base frequency bias were generated in PAUP*.

Bootstrap percentages of 1,000 and 100 pseudoreplicates were calculated by the 

program PAUP* for Maximum Parsimony and Maximum Likelihood Analyses, 

respectively.

Partitioned Bremer Support (PBS; Baker et a/. 1998) values for partitions by codon 

position and gene were calculated by the program TreeRot version 2b (Sorenson 1999) 

for strict consensus trees resulting from the Maximum Parsimony Analyses of molecular 

data.

Posterior probabilities were calculated by the program MrBayes as part of the 

majority rule consensus trees resulting from the Bayesian analyses of molecular data.

- 5 2 -



Chapter THREE: Hennigian Argumentation based on morphological characters

CHAPTER THREE:  

H E N N I G I A N  A R G U M E N T A T I O N

BASED ON

MORPHOLOGICAL CHARACTERS
The Hennigian Argumentation based on morphological characters is presented as a 

second, independent line of evidence to be viewed in comparison to the cladistic 

analyses of morphological characters (chapter IV) and the phylogenetic analyses of 

molecular characters (chapter V).

Published morphological data accumulated over a long time and conclusions based 

on them are a treasure that, however, needs to be exploited with caution because 

interpretations of observed structural agreements changed with the changing theoretical 

basis of biology. The early interpretations not only vary between different authors 

because of different opinions, but also due to the lack of a general understanding that 

morphological resemblances may have different causes, i.e., be analogous or 

homologous. The morphological criteria to form hypotheses of homology were 

presented in detail by Remane (1952) and remain valid today (see section II.4.1.A).

Hennig (1950 in German; 1966 more lucidly and also in English) recognized that 

many different systematic approaches may be valid, depending on the particular purpose 

and use of the respective system of animal classification. However, only the approach 

attempting to trace the actual evolutionary history of organisms and depicting the 

resulting cladistic relations between organisms in its system is useful for the 

advancement of science per se.

The principles of the approach were derived directly from Mayr's biospecies concept 

(1942) and the speciation process. Hennig also recognized fundamental heuristic 

limitations in reconstructing past historical events from homologous structures and 

proposed formal ways of dealing with them, introducing the concepts and terms apo- 

and plesio- for this purpose.

The resulting phylogenetic (or cladistic) system is the formal expression of numerous
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phylogenetic hypotheses that the systematist himself is supposed to continuously test by 

confrontation with new evidence, refuting or corroborating the existing hypotheses. 

However, in accordance with the principle of falsification (Popper 1934) as part of the 

philosophy of science the proposed system can never be proven to be correct and to be a 

true picture of evolutionary history. Details of the methodologies referred to above 

cannot be repeated here; the reader is referred to the original literature and modem 

summaries of systematic theories (e.g., Schuh 2000; Wägele 2001; Wiesenmüller et a/. 

[2003]). Comprehensive syntheses of published and new information on Lepidoptera 

following the above principles was presented by Kristensen ([1998], 2003a).

In this chapter I present morphological characters and their phylogenetic 

interpretation based on Hennigian Argumentation. These morphological characters are 

arranged in sections on different stages of the life cycle and different parts of the body. 

Each section consists of an introduction and discussion of the structures in question, 

based on publications and own observations. The discussions and resulting hypotheses 

on ground plans are a key to the understanding of the character analyses, which 

complete each section. In these character analyses (sections III. 1.4, III.2.4, III.3.2, III.4.2, 

III.5.2, III.6.2) the distribution of character states are not specified for individual species. 

Instead, this information is presented separately for the Anthelidae and the bombycoid 

complex in two matrices in Appendix N. At the end of this chapter the hypotheses of 

homologies and character polarity are discussed and summarized in a cladogram 

(section III.7).

The structures considered in the character analyses are often so complex and 

inconsistently named that for each character existing knowledge, new findings, 

interpretations and my conclusions need to be presented together, for the convenience of 

readers. To avoid any ambiguity, I use sideheads in bold italics for the character 

analyses as follows:

Introduction. To facilitate the understanding of details described in the present 

chapter it is often necessary to first provide a framework into which observed details are 

placed. Where necessary, sections on individual characters or character sets therefore 

begin with a short introduction presenting broader information, often from referenced 

literature.
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Descriptions. Actual descriptions of structures are based on my own observations of 

Anthelidae, other Bombycoidea and occasionally additional specified taxa. Sometimes, 

information from literature had to be included also and is identified as such by reference 

to the source each time.

Discussion. Comprehensive syntheses of published and new information on 

Lepidoptera following the above principles of Remane was presented by Kristensen 

([1998], 2003a).

I follow the same approach in the interpretation of my own new findings and in cases 

where described facts concerning the bombycoid complex and the (presumably) 

included Anthelidae had not yet been subjected to critical evaluation. My considerations 

are presented in the Discussion following the descriptions, with the identification of 

apomorphic hypothetical ground plan characters being the main goal.

Summary. For each character a summarizing statement about the hypothesized 

polarity and the strength of the presumed apomorphic hypothesis of homology is 

presented.

I re-examined characters used in publications, and a critical review of these 

publications and characters is presented in Appendix P. Overall, I regard only very few 

of these characters as suitable for phylogenetic hypotheses of the Anthelidae or the 

bombycoid complex. Consequently, the majority of characters presented in this chapter 

are based on own, new observations. In the few cases where I do use previously 

published characters I cite the respective publications.
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I I I . l )  T he sclerites of male genital structures

The sclerites of male genital structures of Lepidoptera, as well as of insects in 

general, show typically little intraspecific variation, while at the same time interspecific 

variation is relatively high. These general characteristics of male genital structures make 

them extremely valuable diagnostic tools in lepidopteran taxonomy. While not all 

diagnostic modifications of male genital structures are suitable for phylogenetic 

analyses, male genital structures are frequently used as characters in phylogenies of 

lower (= younger) taxonomic ranks. The rather high interspecific variation results in 

most information being linked to more recent evolution of taxa. This is the case as these 

more recent modifications of sclerites often obscure or even wipe out older 

modifications, e.g., by a reduction or loss of a structure. The same problem exists for 

molecular data, where multiple substitutions in DNA sequences replace older 

information with newer one (saturation). To access the information pertaining to higher 

(= older) taxonomic ranks one has to look beyond obvious similarities of structures, 

such as their shape and size. It requires the understanding and abstraction of visible 

structures, based on the assembly of remnants of information in related taxa. These 

abstractions are hypotheses of homology, as are all other characters used in phylogenetic 

analyses.

Within the bombycoid complex, evolution of morphological structures frequently 

appears to consist of their reduction only. This tendency is particularly strong in taxa 

that have a shortened adult lifespan, which is the case for most families in the 

bombycoid complex, including the Anthelidae. These reductions result in less complex 

structures or even the total loss of structures, which hinders the development of sound 

hypotheses of homology and thereby reduces the phylogenetic value of these 

modifications -  obviously, no indications of homology can be observed for absent 

structures. While reductions and losses of male genital structures are common in 

Anthelidae, too, their genital structures nevertheless exhibit more modifications towards 

equal or even higher morphological complexity than any other sclerotized body part of 

adult Anthelidae. This, combined with low intraspecific and high interspecific variation, 

predestines such non-reductive modifications of their male genital structures as 

characters in phylogenetic analyses.
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Consequently, I avoid the use of reductions as characters, because they are likely to 

be homoplastic due to a general tendency towards reduction. I particularly avoid 

reductions that result in low structural complexity or even absence of a structure, as this 

makes the recognition of potential homoplasy more difficult to impossible. While this 

excludes quite a number of modifications from being used as phylogenetic characters, 1 

believe this exclusion to be important.

Only the publications of Common and McFarland (1970), Common (1990), and 

Lemaire and Minet ([1998]) contain information on male genital structures of 

Anthelidae. This very limited information is of a descriptive nature and, with the 

exception of Common & McFarland 1970, not linked to species. Hence, this 

information is not suitable for phylogenetic analyses.

In contrast, a huge number of taxonomic publications on the bombycoid complex 

exists, many of which include descriptions and illustrations of male genital structures of 

species. However, as these descriptions were made for diagnostic purposes and are not 

based on comparative morphology, their phylogenetic value is typically low. While they 

detail visible structures more or less accurately, the homology of these structures was 

rarely of concern. Taxonomic literature on the bombycoid complex contains too many 

mistakes to detail and correct them. Many of these mistakes are linked to the male 

genital structures termed uncus, socii, gnathos and transtilla. The worst case scenario of 

examining, illustrating and even describing male genital structures upside down can be 

found in publications of well known lepidopterists, e.g., Pinhey (1972:44, Figs 6f, g; 

Pselaphelia spp.), and de Freina and Witt (1983; Stoermeriana n. gen.). While being the 

exceptional extreme, these examples highlight the main problems of publications on 

male genital structures of the bombycoid complex -  they are based on poor, superficial 

observations and lack critical examination by the respective authors.

With approximately 5,150 described species in the bombycoid complex (numbers 

summarized from Lemaire & Minet [1998]) it is not possible to examine all of these 

taxa in this context. However, generally plesiomorphic male genital structures of taxa of 

all families are very similar. In the following sections, I present hypothetical ground 

plans of the sclerites of plesiomorphic male genital structures in the bombycoid complex 

and in Anthelidae in particular, as well as my hypotheses on modifications of these
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III. 1) The sclerites of male genital structures

structures in Anthelidae. Based on these descriptions and hypotheses I subsequently 

discuss the characters of male genital structures that 1 chose for my Hennigian 

Argumentation.

III.l.l) The principal male genital sclerites of the 

bombycoid complex
The sclerites of lepidopteran male genital structures are highly modified in many 

taxa. Authors frequently created new names for (parts of) such modified structures in 

the group of Lepidoptera they studied. Consequently, a large number of names exists for 

homologous structures in different taxa. The "Taxonomist's Glossary of Genitalia in 

Insects" by Tuxen (1970) summarizes many of the older names. The opposite, the 

application of available terms to non-homologous structures, is equally common. 

However, well established names exist for the generally present sclerites of male genital 

structures, and these terms can be applied in the bombycoid complex as well.

Tegumen and vinculum

The tegumen and vinculum are the sclerotized dorsal and ventral parts of the abdominal 

segment IX. According to Kristensen (2003b: 100), the dorsal and ventral sclerites of 

segment IX are part of a synsclentous ring in the hypothetical lepidopteran ground plan. 

Consequently, he assumes the separation of these sclerites in the Heteroneura -  which 

include the Bombycoidea -  to be secondary, possibly a "reversal". Kristensen's view is 

based on the most parsimonious explanation for the occurrence of a synscleritous ring in 

the hypothetical ground plan of Trichoptera and all non-neolepidopteran moth families 

except Heterobathmiidae. However, at least within Heteroneura the tegumen and 

vinculum are separated and a tendency towards a fusion of these two sclerites is 

apparent. This fusion strengthens the frame that supports the movable structures, and 

such a tendency is likely to exist for all Lepidoptera and Trichoptera. In the absence of 

other indications, simple parsimony is the only option to interpret the observed 

distribution of a synscleritous ring among the non-neolepidopteran taxa. However, in 

my opinion the apparent tendency to strengthen the ring weakens simple parsimony as a 

sufficient justification for Kristensen's hypothesis on the hypothetical ground plan of 

Lepidoptera.

Irrespective of the origin of a separation of tegumen and vinculum in Heteroneura, a 

tendency to fuse these two sclerites is very strong in the bombycoid complex (Fig. 4).
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Very few extant taxa show a separation of tegumen and vinculum, which in some cases 

are clearly secondary reductions of the synscleritous ring, e.g., in the highly modified 

genital structures of Bombyx mori (one pair of partial reductions of the sclerotization 

within the tegumen and one reduction within the vinculum). It is difficult to structurally 

distinguish between primary and secondary separation of tegumen and vinculum, but 

incomplete fusions or the characteristic separation with an overlap between tegumen 

and vinculum (see below, sections 1II.2.2: 181 ff. and III.2.4: 194ff.) are present in taxa 

with largely plesiomorphic genital structures. Such a characteristic separation can be 

found in non-bombycoid families, e.g., Gelechiidae (Kuznetzov & Stekolnikov 2001: 

177, Fig. 52B), Choreutidae (Kuznetzov & Stekolnikov 2001: 230, Fig. 70A), 

Zygaenidae (Kuznetzov & Stekolnikov 2001: 233, Fig. 7IB) and Noctuidae (Fig. 122). I 

believe these characteristic separations to be homologous, and consequently the fusion 

of tegumen and vinculum to have evolved many times independently. The characteristic 

separation with an overlap of tegumen and vinculum is present in some taxa of the 

bombycoid complex, e.g., in the eupterotid species Ganisa plana (Fig. 138). I therefore 

assume the overlapping, separated tegumen and vinculum to be the plesiomorphic 

condition in the bombycoid complex, and the widespread, fused condition to have 

evolved independently in the bombycoid complex.

In the bombycoid complex, as in many other Ditrysia, the ventral part of the 

vinculum extends anteriad, forming a protrusion referred to as the saccus. The 

proportions of the saccus vary greatly, and its length is typically correlated to the length 

of the anteriad protruding part of the phallus (Fig. 4), to which it is connected by 

muscles m6.
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III. 1.1) The principal male genital sclerites of the bombycoid complex

Fig. 4: Omphaliodes obscura (Anthelidae), <3, lateral view -  sclerotized genital structures; tegumen 
and vinculum are strongly fused with each other; note the example of the correlation between a long 
phallus and a long saccus.

Uncus

The uncus is the tergite of the abdominal segment X. Its anterior fusion with or 

separation from the tegumen is too variable and too simple to be homologized at higher 

phylogenetic levels. A (partly) fused condition is most common within the bombycoid 

complex. The anterior part of the uncus extends further laterad than the rest of the 

uncus. This anterior, lateral extension often appears as a short arm in lateral view (Figs 

35, 37). The posterior edge of the uncus is frequently modified and typically bilobed 

(Fig. 5) or a simple hook (Figs 6, 7). Kristensen (2003b: 105) assigns a bilobed 

condition to the hypothetical lepidopteran ground plan, but notes that in some Ditrysia 

the bilobed condition is likely to represent "reversals" from the simple condition.

A bilobed posterior edge of the uncus occurs in at least some taxa of almost all 

families of the bombycoid complex. In the monotypic Carthaeidae the uncus apex is 

blunt and only faintly bilobed. In the Endromidae and Mirinidae, closely related to each 

other (Minet 1994), the uncus is strongly modified to generally protrude dorsad and to 

form a pair of little (Endromidae) to strongly (Mirinidae) developed antero-dorsal 

protrusions. This unusually shaped uncus is single-pointed, possibly as a result of a 

fusion as indicated by the weekly sclerotized and depressed median part of the uncus in 

Endromidae. The generally bilobed uncus of the bombycoid complex contrasts with the 

simple, pointed uncus typical for most other Macrolepidoptera, but the shape of the 

posterior uncus edge is too variable to be homologized and phylogenetically informative
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III. 1.1) The principal male genital sclerites of the bombycoid complex

at family or superfamily level.

Fig. 5: Anthela excellens (Anthelidae), S- dorsal view -  fused tegumen and uncus; the uncus apex is 
strongly bilobed [the large subscaphium is visible through the tegumen].
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Fig. 6: Agrotis infusa (Noctuidae), S, dorsal view -  fused tegumen and uncus; the uncus apex is single- 
pointed; note the "articulation" of the gnathos arms with the lateral side of the uncus (green arrows).

Fig. 7: Agrotis infusa (Noctuidae), <S, lateral view -  fused tegumen and uncus; the uncus apex is a 
single-pointed, apically pointed hook (yellow arrow); note the "articulation" of the gnathos arms with 
the lateral side of the uncus (green arrow).

Socii

The socii are a pair of posterior, setose processes located latero-ventrally of the uncus. 

The structures referred to as socii in various Lepidoptera are unlikely to be homologous 

in all cases. Within the bombycoid complex, a pair of setose patches latero-ventrally of
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III. 1.1) The principal male genital sclerites of the bombycoid complex 

the uncus is often referred to as socii. These patches typically form moderate, 

membranous protrusions, which are sclerotized and/or enlarged in some taxa. They 

might represent remnants of socii, but even within the bombycoid complex their 

homology is hardly supported by anything other than the roughly identical location of 

some patches of hairs.

Subscaphium

The subscaphium is an unpaired, median sclerotization of the diaphragma, stretching 

from ventrally of the anal cone ventrad towards the gnathos. It is rather weakly 

sclerotized in the bombycoid complex and frequently absent.

Gnathos

The gnathos is an unpaired sclerite and assumed to be formed (in part) by the stemite of 

the abdominal segment X (Kristensen 2003b: 107) or by a process of it (Mehta 1934). It 

consists of a median plate ventrally of the anal cone and its lateral arms, which articulate 

either with the antero-lateral part of the uncus (Figs 50, 51) or with the posterior edge of 

the tegumen (Fig. 23). No muscles attach to this sclerite. The gnathos is frequently 

reduced or lost, and the reduction most commonly starts at the middle of the median 

plate, splitting it into halves. This led many authors, e.g., Klots (1970: 119), Common 

(1990: 26) and Scoble (1995: 96), to the popular perception of the gnathos as a paired 

structure, which fused mesally in some taxa.

In the bombycoid complex the gnathos is generally well developed, but reduced or 

lost in many taxa. Occasionally, the remnants of the mesally reduced plate of the 

gnathos fuse again with each other (e.g., some Cicinnus spp. (Mimallonidae), as 

indicated by their modified attachment of muscle m4), which might have been 

misinterpreted as indications of the gnathos being a paired structure by some authors as 

described above. The reduction of a well developed gnathos can even occur within a 

genus and in general is too homoplastic to be phylogenetically significant. In most cases 

a reduction of the gnathos starts mesally, and only rarely does it start from the dorsal end 

of the lateral arms. In the bombycoid complex, the arms of the gnathos articulate with 

the antero-lateral extension of the uncus. However, in some taxa the dorsal end of the 

gnathos arms is located further anteriorly, between the tegumen and uncus, which can 

appear as an articulation between gnathos and tegumen.

Valva

The valvae are the gonopods of the IX abdominal segment (Kristensen 2003b: 100), an
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III. 1.1) The principal male genital sclerites of the bombycoid complex 

articulated pair of large, clasping structures. They are frequently highly modified in 

Ditrysia, and numerous terms have been coined for various regions of the valva.

In the bombycoid complex the valva is a large, lobe-shaped structure with a process 

in the ventro-distal area of its mesal side. This process is referred to as the "clasper" by 

most authors (Kristensen 2003b: 101). Muscle m7 connects the base of the mesal 

clasper wall (or the area just proximally of it) with the basal area of the lateral valva 

wall. A contraction of muscle m7 pulls the area basally of the clasper antero-laterad, 

which tilts the clasper and bends the distal part of the valva antero-mesad ("inwards"). 

Unlike muscle m7, the clasper is frequently reduced to absent. The attachment of muscle 

m7 can be a valuable indication of the homology of highly modified or shifted processes 

on the mesal side of the valva.

At least in Macrolepidoptera the dorso-basal edge of the valva and the dorsal edge of 

the mesal side of the valva are strongly sclerotized. In many taxa they stand out from the 

remaining mesal side of the valva as a strong, smooth and hairless band. Together they 

extend mesad and form the attachment area of muscles m2 and m4, the presumed 

abductor and adductor of the valva. Hence, I refer to this band as the "valva apodeme" 

(Figs 11,22, 53, 74, 80). The mesal side of the valva goes over into the diaphragma, and 

hence the hairless valva apodeme extends mesad as a sclerotization of the diaphragma. 

The rather narrow basal part of the valva apodeme broadens into a hairless sclerotization 

in the diaphragma. This sclerotization can stretch far mesad, reaching and fusing with its 

counterpart from the other valva. In this fused condition it is often referred to as a 

"transtilla", while Kuznetzov and Stekolnikov (1985, 2001) refer to the typically shorter 

valva apodeme in the bombycoid complex as a "hemi-transtilla".

The term "transtilla" was introduced by Pierce (1914: xxi) for a structure he observed 

in Geometridae: "From the bases of the valvae arises a cross-bar which I term The 

Transtilla (Ennomos autumnaria, pi. iv). The cross-bar may be incomplete, the opposing 

arms not uniting, and whilst it is often simple, it is capable of great development, 

occasionally producing free arms, and becoming in the Tortricidae a highly complex 

part." To correctly homologize this structure across families it is necessary to understand 

its nature and origin. Pierce (1914) noted, in my opinion correctly, that the transtilla 

originates ("arises") from the valvae. He stated further that it was "a cross-bar", which 

arose from the left and the right valva. This is a minor contradiction, in as far as an 

origin from two sources clearly refers to two (possibly secondarily fused) structures, and
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III. 1.1) The principal male genital sclerites of the bombycoid complex 

not a single, unpaired structure like "a cross-bar". Contrary to my opinion, most authors, 

e.g., Klots (1970), Common (1990) and Kristensen (2003b), regard the transtilla as a 

sclerotization of the diaphragma, and the occurrence of separate arms as a secondary, 

median reduction. This interpretation cannot be excluded, and in fact, an unpaired 

sclerite not connected to the valvae and without traces of a mesal fusion occurs in some 

taxa, e.g., the pyralid species Indomyrlaea auchmodes, possibly representing such an 

unpaired sclerotization of the diaphragma (Fig. 8).

However, at least within the representatives of the Macrolepidoptera I examined, a 

"cross-bar" between the valvae appears to have evolved several times independently 

from a paired structure, the "valva apodeme". The valva apodeme appears to function 

primarily as a lever for muscle m4, the adductor of the valva. Further, muscle m2 

attaches to it mesally of m4 (Fig. 111). This muscle is generally assumed to function as 

the abductor of the valva (e.g., Kristensen 2003b; Kuznetzov & Stekolnikov 2001). A 

generalized diagram by Kuznetzov and Stekolnikov (2001: 32, Figs 8 )K, 3, H) 

illustrates muscles m2 and m4 as attaching opposite to each other, being direct 

antagonists. However, in most Macrolepidoptera I examined these muscles do not exert 

force in opposite directions, but at an angle of roughly 90 degrees to each other. Moving 

the valva manually does not result in a significant change of the length of muscle m2. 

Likewise, moving the attachment point of muscle m2 on the valva apodeme manually in 

the direction of its opposite attachment point on the tegumen does not open the valves -  

in fact, any forceful movement of the attachment point only results in a bending of the 

valva apodeme. In contrast, moving the opposite attachment point on the tegumen 

towards the valva apodeme tilts or bends the tegumen anteriad. This bend occurs at the 

weakest point of the annulus, which is either the point of articulation between tegumen 

and vinculum, or a secondary narrowing/reduction in the annulus. This anterior 

movement of the tegumen lifts the uncus and gnathos. I believe that in these taxa 

muscles m2 are not abductors of the valvae, but instead raise the uncus and gnathos 

dorsally. Possibly, the frequent loss of m2 is linked to a strengthening of the annulus, 

which does not allow for such an anterior movement of the tegumen.

In some taxa that retained muscle m2 and have a very firm annulus, the function of 

m2 might be a different one. In Carthaea saturnioides (Carthaeidae) and Endromis 

versicolora (Endromidae) muscles m2 and m4 appear to have an antagonistic function, 

with m2 being an abductor of the valva as generally assumed. This antagonistic function
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III. 1.1) The principal male genital sclerites of the bombycoid complex 

is possible because of a modification of the typical arrangement of muscles. In C. 

saturnioides muscle m4 is located ventrally of a curved valva apodeme, rather than at 

the same level as and/or dorsally of it, which results in a roughly opposite position of 

muscles m2 to m4 (Fig. 9). In contrast, muscle m2 attaches to the tegumen much further 

mesally than usual in E. versicolora, likewise resulting in a roughly opposite attachment 

of m2 to m4 (Fig. 114). Another modification of the function of muscle m2 appears to be 

present in Agrius convolvuli (Sphingidae), in which muscles m2 and m4 exert force in 

almost the same direction, causing an adduction of the valva by both muscles (Fig. 116). 

It seems that at least within Macrolepidoptera the function of muscle m2 is not uniform.

The variation of function of muscle m2 and its frequent loss raise the question as to 

which mechanisms exist to open the valvae in these taxa. One mechanism is said to be 

the contraction of muscle mi, which opens the valvae either directly or indirectly, 

depending on its attachment to the valva or the vinculum (Kuznetzov & Stekolnikov 

2001: 34, Figs 9 A-T). Another mechanism could be an outward movement of the 

diaphragma, as it attaches to the mesal edge of the valvae, which are articulated with the 

vinculum along their lateral edge. With the diaphragma being suspended along its edges, 

the posterior movement of the diaphragma is furthest at its central point. Consequently, 

any sclerotized part of the valva stretching mesad within the diaphragma will assist in 

the opening of the valvae during a posterior movement of the diaphragma. The valva 

apodeme is such a structure, and the further it extends mesad as a sclerotization of the 

diaphragma and the larger this sclerotization is (Fig. 52), the stronger is the effect. As 

the diaphragma terminates the segment posteriorly, no muscle attaching to a simple 

valva apodeme [without a cephalo-ventral lever] can move it or the diaphragma 

posteriad. Flowever, an increase in haemolymph pressure in the abdomen would push 

the diaphragma outwards (posteriad), and with it the valva apodeme and the mesal edge 

of the valva. While not contradicting the origin of the transtilla as an unpaired 

sclerotization of the diaphragma, this mechanism could be a reason for a mesal 

extension of the existing valva apodemes, which probably led to the secondary fusion 

and formation of a continuous "cross-bar" in Macrolepidoptera more than once.

Pierce (1914) coined the term "transtilla" for a continuous "cross-bar" in 

Geometridae, which I assume to have evolved independently several times in 

Macrolepidoptera. I further believe that the principal attachment area of muscles m2 and 

m4 is homologous within Macrolepidoptera, and therefore I prefer to refer to this
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structure as the "valva apodeme", rather than as the "transtilla".

Fig. 8: lndomvrlaea auchmodes (Pyralidae), <$, posterior view [phallus removed] -  uncus, gnathos, 
tegumen, transtilla and dorsal part of valva; the transtilla appears to be formed by an unpaired 
sclerotization in the diaphragma, which is located between the ventral ends of the tegumen; note the 
distance between the dorsal comer of the valva and the transtilla (yellow arrows).
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Fig. 9: Carthaea saturnioides (Carthaeidae), S- anterior view -  unlike most other taxa of the 
bombycoid complex (e.g.. Figs 112, 114), muscles m2 and m4 have a directly antagonistic function due 
to the ventrad curving of the valva apodeme and the position of m4 ventrally of the valva apodeme; 
note the partial attachment of the unusually massive muscle m2 to a fold between the valva apodemes 
(yellow arrow).

Ju xta

The juxta is said to be an unpaired sclerotization of the diaphragma located ventrally of 

and supporting the phallus (Kristensen 2003b: 102). In the bombycoid complex this 

sclerite is V-shaped, and muscles m3 attach to the dorso-lateral ends of the juxta. The 

mesal juxta edge borders a membranous fold (anellus) around an invagination of the 

diaphragma (manica) surrounding the phallus. Frequently, the juxta extends onto the 

anellus, and in some taxa this mesal edge of the juxta and the anellus form a distinct 

posterior protrusion of the juxta.

The anterior end of the membranous manica (invagination of the diaphragma) 

attaches to the penetrating phallus, with the attachment area referred to as the "zone". 

The membranous nature of the manica allows for the protraction of the phallus by 

muscles m5. In some taxa of the bombycoid complex the ventral part of the manica is 

sclerotized and firmly connects juxta and phallus. This sclerotization effectively changes 

the posterior protraction of the phallus into a postero-ventral movement. In all 

Lasiocampidae, the phallus and the juxta are directly fused with each other and the 

manica is virtually absent, which I interpret as an autapomorphy of the family
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Lasiocampidae. In most Lasiocampidae, this fusion and probably the reduction of valvae 

led to a very strong reduction of the juxta and muscles m3.

Phallus / aedoeagus

The phallus of Lepidoptera is most commonly referred to as "aedeagus" or "aedoeagus". 

Kristensen (2003b: 103) argued convincingly for a preferential use of the term "phallus" 

over "aedeagus", as the phallic tube of most Lepidoptera does not appear to be 

homologous with the aedeagus of Agathiphagidae, Trichoptera and other insects. I 

therefore follow his suggestion and refer to the structure as "phallus", despite the 

overwhelmingly common use of the term "aedeagus" in literature.

The phallus of the bombycoid complex shows no special modifications compared to 

most other Lepidoptera. It has a coecum at its anterior end and an eversible, 

membranous vesica with comuti at its posterior end.

III.1.2) The principal male genital sclerites of and their 

modifications in the Anthelidae
Within the bombycoid complex generally plesiomorphic genital structures of 

different families are very similar, and the Anthelidae are no exception. No male genital 

synapomorphies of families in the bombycoid complex have been published so far, but a 

fusion of some structures is shared by several families, including the Anthelidae. In this 

section the principal male genital structures of Anthelidae and their modifications are 

discussed. The fusion of certain structures shared by some families and the 

modifications of these fused structures in Anthelidae are discussed separately in the next 

section ("III. 1.3) The fusion of gnathos, valvae, juxta and anellus").

Tegumen and vinculum

The tegumen and vinculum are firmly fused with each other in all Anthelidae. They 

form a strong, synscleritous annulus, which rarely allows the distinction between these 

two sclerites. Only in the Munychryiinae does the anterior edge of the annulus have a 

small gap, which I interpret as a remnant of the articulation between tegumen and 

vinculum (Fig. 10). In addition to this anterior gap, this area of the annulus shows 

patches of incomplete sclerotization in Munychryiinae. These patches are not 

necessarily identical in size and location between the left and right side of one specimen 

or between specimens. They might represent an incomplete fusion of tegumen and 

vinculum, or a secondary reduction of the sclerotization of an almost entirely fused
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annulus. Because these patches are inconsistent between specimens and the 

interpretation of their origin is uncertain, I do not use this tendency towards incomplete 

sclerotization of the annulus as a character in my phylogenetic analyses.

As in most other members of the bombycoid taxa, the annulus is hood-shaped 

dorsally and gradually narrows ventrally in Anthelidae. The ventral part of the vinculum 

forms a well developed, tubular saccus of very variable length and shape.

Uncus

The anterior edge of the uncus is firmly fused with the posterior edge of the tegumen in 

all Anthelidae. Along the antero-lateral extensions of the uncus, the sclerotization of the 

fusion is weaker and does not reach the ventral end of the antero-lateral extension. Like 

the tegumen, the anterior part of the uncus does not carry any setae, while the posterior 

part of the uncus is setose on all sides.

The posterior part of the uncus is variously modified in many taxa, and while its 

general shape is constant within species, interspecific variation of its proportions can be 

conspicuous. This setose posterior part is mesally divided, resulting in an apically 

bilobed uncus.

A weakly bilobed uncus, which is typical of many taxa in the bombycoid complex, is 

present in Munychryiinae. In these taxa the uncus is laterally bowed ventrad over its 

entire posterior extent, like all tergites generally are. Consequently, the short posterior 

lobes are laterally drooping -  their lateral edge is located further ventrally than the mesal 

edge (see character #H. 1).

In all other Anthelidae the mesal split between the two lobes is much longer, 

resulting in two very prominent lobes. These lobes are never drooping laterally, but 

instead show mesally a ventral tilt in many taxa -  the mesal edge of the posterior lobes 

is located further ventrally than the lateral edge (character #H.l). The degree of this tilt 

is very variable and the orientation of lobes ranges from almost horizontal to vertical 

(character #H.6). While being the most parsimonious interpretation, it is not certain by 

any means that this range represents a continuous ventral tilt only and that no 

subsequent tilt in the opposite direction occurred.

The mesally tilted lobes of the deeply split uncus apex appear to have fused again in 

a number of anthelid taxa, resulting in a single-pointed uncus apex. It is difficult to 

distinguish such a secondary fusion of lobes from a reduction of the lobes, and even
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more so to distinguish between convergent fusions or reductions. However, several 

indications exist that -  with the exception of a single, undescribed species in 

Munychryiinae -  the single-pointed uncus apex found in Anthelidae is always the result 

of a secondary fusion of a deeply split uncus apex. Such indications of a fusion of lobes 

are a median crest on the ventral side of the single-pointed uncus apex, the lack of hairs 

on this ventral suture and a dorsal gap in the apex revealing the tilt of the lobes during 

fusion. Further, such fusions appear to have evolved several times independently, at the 

very least two times (characters #H.2, #H.3, #H.4, #H.5, #H.7).

In one case the fusion started anteriorly on the dorsal side between the two lobes, 

which are tilted mesally by about 90° (vertical orientation of the lobes). This is evident 

in the endemic New Guinea genera Pseudodreata and Corticomis, in which the lobes 

are partly fused antero-dorsally, but entirely separate ventrally (character #H.7). In 

another group of taxa, the lobes are tilted mesally by about 90° and fused entirely. This 

might be a completion of the partial fusion present in these New Guinean taxa, or it 

might be an independent fusion event (character #H.4).

In other anthelid taxa the fusion of the uncus lobes appears to have started ventrally, 

as the ventral crest reaches the uncus apex, but an apical gap or depression remains on 

the dorsal side of the uncus (characters #H.2, #H.3). This gap indicates that the lobes 

were mesally tilted at less than 90° degrees during their fusion. Such fused uncus lobes 

differ from each other in their overall shape and the length of their ventral crest, which 

separates them into distinct groups. Unfortunately, it is not possible to tell whether these 

differences are the result of modifications subsequent to the fusion of the uncus lobes, or 

whether these differences indicate independent fusion events.

Each of the different types of fused uncus lobes has some characteristics that 

distinguishes it from all other uncus lobes. However, as the indications are insufficient 

to conclude whether more than two fusion events occurred or not, I conservatively treat 

each distinct type of fusion as a separate character, as if these fusions evolved 

independently from each other. By doing this I avoid incorrectly homologizing 

independent fusion events if more than two fusion events occurred. However, if only 

two fusion events occurred I miss out on making a poorly supported hypothesis which 

would correctly group taxa together that I distinguish by assuming independent fusion 

events. While a hypothesis of anthelid phylogeny can never give proof of the homology 

of these potentially independent fusion events, the occurrence of presumed independent
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fusion events in hypothesized sistergroups would indicate a higher likeliness of their 

homology.

Socii

A paired, small patch of a few setae is located on the membrane just ventrally of the 

lateral part of the uncus in all Anthelidae. This patch is always membranous and hardly 

protruding to flat. Judging from the presence of setae and its location, this patch of setae 

is likely to represent a remnant of the paired, setose protrusion referred to as a socius 

[pi. socii] in other taxa of the bombycoid complex.

Subscaphium

A subscaphium is present in most Anthelidae, stretching from the anal cone ventrad. Its 

degree of sclerotization is variable and not necessarily constant between specimens of 

the same species. It is rather strongly sclerotized and stiff in some taxa, and it frequently 

extends to and fuses with the gnathos plate or its remnants.

Gnathos

In Anthelidae the arms of the gnathos approach the ends of the antero-lateral uncus 

extensions, giving the gnathos the appearance of being "articulated" with the uncus 

(Figs 28, 35, 37, 43). This is the principal condition found in the bombycoid complex, 

which fits the hypothesis of the uncus and gnathos being the tergite and stemite of the 

Xth abdominal segment, respectively. In Munychryiinae the gnathos is strongly reduced 

or lost, except for small remnants of the dorsal part of the gnathos arms. These remnants 

are anteriorly fused to the tegumen, giving the impression of an "articulation" between 

tegumen and gnathos (Fig. 23).

The gnathos is strongly reduced or lost in most Anthelidae. In particular the median 

gnathos plate is frequently lost and only distinctly present in the genera Chelepteryx and 

PseudodreatalCorticomis (Fig. 71).

The lateral gnathos arms or their remnants are frequently retained. In a group of 

anthelid taxa that lost the median gnathos plate these gnathos arms have a secondary, 

sclerotized, spinose mesal and dorso-lateral extension (character #H.9). This extension 

can fuse with the extension of the opposite gnathos arm and hence is easily mistaken for 

remnants of the gnathos plate.

In Anthelidae the gnathos is ventro-laterally fused with the dorsal part of the mesal 

side of the valva, and together they form a "bridge" between the valvae. This is not a 

continuous transtilla sensu Pierce (1914) [see above, section III. 1.1: 63ff], and this
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construction is highly modified in Anthelidae and discussed more in detail separately 

(see below, section III. 1.3).

Valva

The valva of the Anthelidae is large, lobe-shaped and has a strongly sclerotized clasper 

on its mesal side. Further, the valva apodeme protrudes mesad from the dorso-basal part 

of the valva. In these respects the principal structure of the valva in Anthelidae does not 

differ from that of other families in the bombycoid complex.

The mesal clasper of the valva is well developed in only one group of anthelid taxa. 

Within this group a transformation series can be constructed for the clasper (characters 

#H.25, #H.26). It ranges from a broad, plate-like structure, via a narrower arm with a 

dorsal process, to a simple, spine-like arm. In all other Anthelidae the clasper is strongly 

reduced or entirely absent.

In some Anthelidae the apex of the valva is flexed outwards along a transverse line 

(see character #H.27). This line of bending stretches from the dorsal edge of the valva 

ventro-distad to the ventral edge of the valva. How far distally this line reaches the 

ventral valva edge varies between species. The variation ranges from as little distal as 

the distal third of the ventral valva edge to as far distal as the valva apex itself. 

Consequently, a large proportion to just a small part of the valva is flexed outwards. 

Further, the degree to which the valva apex is flexed outwards varies greatly between 

taxa, and to a lesser degree between specimens of the same species. In some taxa the 

flexing of the valva apex is very conspicuous, in others it is hardly noticeable. 

Potentially, this is influenced by the time for which genital structures are boiled in 

potassium hydroxide during the process of preparation.

In some anthelid taxa a protrusion on the mesal valva side extends roughly along the 

dorsal part of the line at which the valva is flexed outwards (character #H.27). This 

transverse, mesal ridge is more strongly sclerotized and less setose than the surrounding 

area of the valva. Ventro-proximally this ridge almost borders a lateral, membranous 

depression in the mesal valva side. If the valvae are closed, this depression closes 

around and provides space for the phallus and juxta. However, the transverse ridge is 

more than just the edge of a depression, it protrudes distinctly from the mesal side of the 

valva.

Part of the mesal valva side stretches along the smooth, hairless valva apodeme. 

Together with the gnathos, juxta and anellus this part of the mesal valva side forms a
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complex, fused structure. In some anthelid taxa a lobe originates from these fused 

structures. It is located at the base of the valva, just distally of the valva apodeme, and 

hence I refer to it as the "valva apodeme lobe". The shape and relative position of this 

lobe vary greatly between taxa, and I use its characteristics in my phylogenetic analyses 

(characters #H.17, #H.18, #H.19, #H.20, #H.21, #H.22, #H.23, #H.24). The complex, 

fused structure and its modifications are discussed in greater detail below (see section 

III.1.3).

Juxta

The juxta of Anthelidae is a V-shaped, sclerotized band as in all other families of the 

bombycoid complex. Its lateral edge is in the plane of the diaphragma, while its mesal 

edge extends onto the anellus and protrudes with the anellus posteriad (Fig. 62). In 

anthelid taxa in which the phallus is supported by other structures, the lateral arms of the 

V-shaped juxta are reduced. As this alternative support of the phallus is provided by 

different structures in different taxa (see characters #H.16, #H.29), the reduction of the 

juxta is likely to have evolved several times independently. The remnants of such a 

reduced juxta are too simple to be convincingly homologized, and hence I did not 

include the strong reduction of the juxta as a character in my phylogenetic analyses.

In many Anthelidae in which the juxta appears to be the sole support for the phallus, 

the juxta extends far dorsally and protrudes overall very far posteriad -  it forms a very 

large, tall sheath around the phallus. While the lateral edge of this structure with its 

dorsal attachment of muscles m3 is clearly part of the juxta, the far posteriad protruding 

part of the sclerotization probably only appears to be formed by the mesal juxta edge 

and a greatly extended anellus alone. Instead a partially everted vesica might form the 

dorsal part of the juxta, and this hypothesis is discussed in more detail below (see 

section III. 1.3).

Phallus / aedeagus

The phallus of Anthelidae is a straight to slightly curved, well sclerotized tube. It has 

typically a prominent, straight coecum at its anterior end. The sclerotized posterior end 

is blunt and opens into a small, simple, sack-shaped vesica. In Munychryiinae this 

vesica carries a large, single comutus formed by a sclerotization of the distal end of the 

phallic tube (character #H.32). In contrast, the vesica appears to be almost absent and 

does not carry a distinct comutus in other Anthelidae. Instead, in posterior view, two 

right-hand twisted sclerotizations stretch onto the vesica, seemingly extending the
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sclerotized part of the phallus and greatly shortening its eversible part, the vesica 

(character #H.33). The right member of these flat sclerotizations is distinctly larger than 

the left and forms apically a tubular or flat process (character #H.34). Structures at the 

apex of the left sclerotization might represent remnants of such a process or might be 

novel developments. In most anthelid taxa these spines are strongly reduced to absent, 

and in many taxa even the two secondary sclerotizations of the vesica are either strongly 

reduced and/or broadened, leaving no more than a small gap in the posterior edge of the 

phallus sclerotization. The anterior part of a sack-shaped vesica is entirely sclerotized in 

some taxa, giving the phallus apex an enlarged, funnel-shaped appearance overall 

(character #H.36).

Fig. 10: Munychyia periclyta (Anthelidae), <$, lateral view -  tegumen and vinculum are fused with 
each other, but an anterior gap is still present (green arrow); note the irregular, incomplete 
sclerotization (yellow arrow).

III.1.3) The fusion of gnathos, valvae, juxta and anellus
The gnathos and the valvae are widely separated in most Macrolepidoptera (Fig. 11; 

see character #H.10). This is also the case in some families of the bombycoid complex, 

most distinctly so in the families Mimallonidae, Lasiocampidae, Bombycidae and 

Sphingidae. In these taxa the gnathos plate is located dorsally and posteriorly to the 

valvae. In taxa in which the gnathos extends further ventrad, gnathos and valvae are still

- 7 5 -



III. 1.3) The fusion of gnathos, valvae, juxta and anellus 

separated from each other by a large membrane which folds beneath the gnathos.

In contrast, the gnathos extends further ventrad than typical and is fused to the valvae 

in some families of the bombycoid complex (character #H.10). In these taxa the ventral 

wall of the gnathos is seamlessly fused with a part of the valva, and no large membrane 

separates the ventral wall of the gnathos from the valva. The actual fusion occurs 

between the gnathos and the setose, mesal side of the valvae, which extends mesad with 

and beyond the smooth valva apodeme in the plane of and going over into the 

diaphragma. This fusion connects the two valvae with each other like a "bridge", 

restricting their ability to move (Fig. 12). In the majority of these taxa a "weak area" 

within this fused construction allows for movement of the valvae -  in some taxa the 

sclerotization near the base of the valva apodeme is lost (e.g., Munychryia senicu/a 

(Anthelidae), Eac/es imperialis (Satumiidae)), and in other taxa a minute gap separates 

the structures along the ventral part of the gnathos (e.g., Ganisa plana (Eupterotidae), 

Sabalia picarina (Lemoniidae)). In the majority of taxa an extensive median reduction 

occurred, resulting in a loss of the sclerotization (e.g., Lemonia dumi (Lemoniidae)) or 

even part of the structure of the fused gnathos and valvae. Most frequently it is the 

gnathos that is lost in these taxa. Obviously, such reductions obscure the fusion of 

gnathos and valvae, in some cases beyond recognition.

Evidence of, or indications of, the fusion of gnathos and valvae are rather well 

preserved in Anthelidae. Even in anthelid taxa with a mesally reduced sclerotization, the 

composition of the remaining membranous "bridge" is often still apparent from the 

shape of the membranes (Fig. 14). The fusion of sclerites is not restricted to gnathos and 

valvae, but additionally includes the juxta and the anellus. As with the fused gnathos 

and valvae, these additional fusions are obscured by reductions in many taxa.

In Anthelidae, the dorsal part of the mesal side of the valva extends as a very shallow 

fold in the plane of the diaphragma far mesad along and beyond the valva apodeme. 

This fold is setose, (partly) sclerotized and of variable width. In Munychryiinae the basal 

part of this fold is membranous and devoid of setae, but forms a heavily sclerotized, 

setose protrusion distally (= mesally). I refer to this protrusion as the "mesal protrusion" 

(Figs 12, 15). In Munychryiinae, this mesal protrusion is located dorso-laterally of the 

anellus. While widely separated from each other, the mesal protrusions of the two 

valvae are mesally interconnected by a strong, hairless sclerotization, which extends
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posteriad and latero-ventrally onto the anellus. In posterior view this sclerotized part of 

the anellus has the shape of an upside-down U, which borders the dorsal end of the juxta 

laterally with its ventral ends (Fig. 15). In M. senicula and M. periclyta this smooth 

sclerotization has reached and fused with the juxta (Figs 17, 18). The anellus appears to 

protrude unusually far posteriad in Munychryiinae, and this extreme posterior protrusion 

seems to be caused by a partial eversion of the manica. A part of the membranous 

manica forms the dorsal part of the anellus, which is still membranous in M. senicula 

and M. periclyta (Figs 17, 18), but strongly sclerotized in an undescribed munychryiine 

species (Fig. 16). The very distinct "hump" present in the middle of the posteriad 

protruding part of the juxta in G. cosmia might mark the position of the dorsal edge of 

the anellus prior to the eversion of the manica (Fig. 19, 20). The gnathos is lost in 

Munychryiinae, except for tiny remnants of the dorsal part of the gnathos arms (Fig. 23). 

It is possible that parts of the gnathos plate are included in the dorso- median 

sclerotization of the anellus.

In all other Anthelidae, the setose mesal protrusion and the anellus are not only 

connected by a hairless sclerotization, but are merged with each other. In the genus 

Chelepteryx the valva apodeme has been lost and the mesad extending fold formed by 

the dorsal part of the mesal side of the valva is very shallow. The mesal protrusion is 

strongly reduced to a tiny patch, which is located in a dorso-lateral position on a shallow 

fold around the posterior manica opening, the anellus (Fig. 96). This fused structure of 

the mesal protrusion and anellus carries tiny setae and has the same shape as the anellus 

in Munychryiinae -  an upside-down U, which ends laterally of the (reduced) juxta. The 

ventral wall of the very well developed gnathos ends dorsally adjacent to the anellus. In 

this genus the phallus is fused to the juxta by a sclerotization of the entire manica. The 

remnants of the mesal protrusions are only visible if the phallus with the sclerotized 

manica is pushed outwards.

In a group of closely related taxa including An the/a ferruginosa the mesal protrusion 

is well developed and merged with the anellus dorso-laterally of the phallus (Fig. 62). 

This protrusion does not end laterally of the juxta, but instead goes directly over into the 

mesal wall of the juxta (Figs 64, 65, 66). As in Munychryiinae, the sclerotization of the 

mesal side of the valva is reduced around the valva apodeme.

In all Anthelidae other than the aforementioned taxa the mesal fold, which extends 

from the dorsal part of the mesal side of the valva and gives rise to the mesal protrusion,
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is modified to form a second protrusion. In these taxa the valva apodeme is long and 

curves ventrad, "pushing up" a fold, which protrudes strongest basally. This fold is 

modified and enlarged in many taxa, forming a large protrusion posterior to the valva 

apodeme, which is why I refer to the protrusion as the "valva apodeme lobe" (Fig. 13). 

In many species the sclerotization of the dorsal edge of the valva (including the valva 

apodeme) extends onto the dorsal side of this fold, and in some taxa extends onto the 

ventral side, too.

The homology between protrusions is easy to hypothesise in all those taxa that have a 

mesal protrusion as well as a valva apodeme lobe, as the former is located dorso- 

laterally of and is fused with the anellus, while the latter is located at the base of the 

valva and synscleritous with the valva apodeme. However, the various modifications of 

these two protrusions, their similar cover of setae, and the more extensive sclerotization 

in Munychryiinae make a homologization of the protrusions between taxa with one and 

taxa with two protrusions more difficult. For these taxa my homologization of the single 

protrusion as the mesal protrusion is based on:

> The more mesal position of the protrusion,

> the fusion between the protrusion and the anellus,

> the fusion with the gnathos (if retained), and

> the lack of an attachment of muscles m4, which are attached to the valva 

apodeme.

In the group of taxa with two protrusions, both protrusions have been modified 

variously. In Anthela basigera and related taxa the mesal protrusion is entirely fused 

with the anellus. Together they form an elongate, setose, well sclerotized, lateral sheath 

around the phallus (Figs 67, 68, 69). The ventral ends of this sheath attach to the juxta 

dorso-laterally by a flat, hairless sclerotization. In these taxa a transformation series of 

the valva apodeme lobe is preserved. It is reduced from an upturned ventro-distal comer 

of the sclerotization in A. basigera and A. repleta over a flat, triangular protrusion to a 

minute protrusion and finally absence (Figs 73, 74, 75).

In the New Guinean genera Pseudodreata and Corticomis the gnathos is retained and 

entirely fused with the mesal protrusions -  both mesal protrusions and gnathos are 

structures with double walls, but share a continuous dorsal wall in this fused state. 

Together they form a dorsal and ventral sheath around the aedeagus, which is fused onto 

the anellus and extends with it far posteriad (Figs 70, 71). The phallus is effectively
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suspended from this structure and no longer supported by the juxta, which is reduced 

and only membranously connected to this complex of structures.

In all other taxa the mesal protrusion is extremely reduced or lost (Fig. 21). 

Sometimes it is still apparent as a shallow, weakly sclerotized protrusion with a few 

setae, which is connected to the dorso-lateral end of the juxta (e.g., an undescribed 

antheline sp. (Fig. 22), C. heliaspis and Anthela nicothoe). In many of these taxa the 

juxta forms a large, far posteriad protruding, hairless sheath, which is very similar to the 

one in Munychryiinae, but entirely sclerotized.
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Fig. 11: Bombycoid complex, o , posterior view -  general scheme of the principal genital sclerites;
gnathos and valvae are widely separated.

Fig. 12: Anthelidae, S ,  posterior view -  general 
scheme of the principal genital sclerites; gnathos 
and valvae are fused; the fold formed by dorsal 
part of the mesal side of the valva forms the mesal 
process.

Fig. 13: Anthelidae, S-  posterior view -  general 
scheme of the principal genital sclerites; gnathos 
and valvae are fused; the fold formed by the 
dorsal part of the mesal side of the valva forms 
the mesal process; the mesal process and the 
anellus are fused; the long, ventrad curved valva 
apodeme "pushes up" a fold, which forms the 
valva apodeme lobe.
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Fig. 14: Anthela excellens (Anthelidae), S ,  posterior view [phallus removed] -  the mesal sides of the 
valva and gnathos are fused; the sclerotization of the fused structures is secondarily reduced, but the 
membranous connections (yellow arrows) between the valva apodeme lobes and the (reduced) gnathos 
plate (green arrows) are still apparent.
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Fig. 15: Munychryiinae n. sp. (Anthelidae), <$, (ventro-) posterior view [phallus removed] -  valva, 
setose mesal protrusion, anellus and juxta; the two mesal processes are interconnected and fused with 
the anellus, which is sclerotized and extends laterad; the lateral sclerotization of the anellus ends 
dorsally of the reduced juxta (green arrow); note the extreme height of the sclerotized, everted manica 
(yellow arrow).

Fig. 16: Munychryiinae n. sp. (Anthelidae), lateral view [phallus removed] -  the setose mesal 
protrusion and the anellus are fused with each other; the lateral sclerotization of the anellus ends 
dorsally of the reduced juxta (green arrow); the manica appears to be everted and sclerotized, forming a 
tall dorsal protrusion (yellow arrow marks the ventral side of the manica).
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Fig. 17: Munychtyia periclyta (Anthelidae), <$, posterior view [phallus removed] -  the setose mesal 
protrusion and the anellus are fused with each other; the lateral sclerotization of the anellus is fused 
with the juxta; the manica appears to be everted and partly sclerotized, forming a very tall ventro
lateral sheath around the phallus; muscles m3 (not visible) attach to the dorso-lateral comer of the juxta 
(green arrow), clearly indicating the composite nature of the sheath; the lateral part of the everted 
manica protrudes ventrally (yellow arrow) over the median sclerotization (red arrow); this median 
sclerotization posteriorly to the juxta might have been formed prior to the eversion of the manica.

Fig. 18: Munychrvia periclyta (Anthelidae), S , lateral view [phallus removed] -  as Fig. 17.
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TE

Fig. 19: Gephyroneura cosmia (Anthelidae), S ,  posterior view -  the mesal protrusions are 
interconnected by a sclerotization, which might include parts of the gnathos plate.

Fig. 20: Gephyroneura cosmia (Anthelidae), S , lateral view -  juxta with a distinct ventral hump 
(yellow arrow), which might represent the original dorsal edge of the anellus prior to the eversion of 
the manica; the sclerotization dorsally of the juxta (red arrow) might have been stretching anteriad 
(towards the phallus) previously.
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Fig. 21: Anthela hyperythra (Anthelidae), (3, posterior view [phallus removed] -  juxta with a remnant 
of the mesal protrusion (yellow arrow) fused to its dorso-lateral comer.

Fig. 22: Anthelinae n. sp. (Anthelidae), S , posterior view [phallus removed] -  juxta with very distinct 
remnants of the mesal protrusion fused to its dorsal end.
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III.1.4) Character analyses of male genital sclerite characters

Character #H.l: Bilobed uncus deeply divided, resulting in two mesally ventrad 

tilted lobes.

> Character state (0) ’NO'; plesiomorph.

> Character state (1) 'YES’; apomorph; poorly supported.

Introduction. Being derived from the tergite of the abdominal segment X (e.g., 

Kristensen 2003b), the uncus is laterally bowed ventrad over its entire length. The 

posterior part, which carries numerous setae on all sides and is ventrally sclerotized, is 

commonly referred to as the "apex" of the uncus (e.g., Scoble 1995), even though this 

term is not applicable to a tergite, as a tergite has an anterior and posterior end, but no 

distinct attachment at only one end. This "apex" of the uncus is frequently modified, and 

its general shape ranges from bilobed to single-pointed (e.g., Scoble 1995). These 

different shapes can be attained by various modifications, e.g., splits, fusions and 

reductions.

Descriptions. My examinations revealed two essential shapes and their modifications 

of the uncus among Anthelidae.

In the subfamily Munychrynnae the uncus apex is weakly bilobed (Fig. 23) and 

laterally bowed ventrad (Fig. 26). This bilobed shape is caused by a short, median 

indentation, which is shorter than roughly 10% of the length of the setose, ventral 

sclerotization. Only in an undescribed munychryiine species this bilobed condition 

appears to have been reduced to a blunt, simple shape (Fig. 25).

In all other Anthelidae the uncus apex is deeply split, with the split (almost) reaching 

the anterior end of the setose, ventral sclerotization (Fig. 24). The resulting prominent 

lobes are not laterally bowed ventrally, but instead show a tilt in the opposite direction -  

they are mesally tilted ventrad (Fig. 27). The tilt is strongest at the apex of the lobe and 

the absolute degree of this tilt can differ between specimens of a species. It is very 

variable between species and its angle ranges from near zero to 90 degrees. This range 

of tilts might represent a gradient in one direction, but the variation within species and 

differences in obviously closely related taxa argue for these differences to be caused by 

simple variability of the tilt and possibly subsequent changes in tilt. Hence, I do not use 

minor gradual differences in tilt as distinct character states. Several subsequent fusions 

of these two lobes occurred and are discussed as separate characters below (characters
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#H.2-5, #H.7).

Discussion. Lateral curving of the uncus apex is the principal condition found in the 

non-anthelid taxa. Anthelidae have a weakly bilobed to deeply split uncus apex, and 

bilobed uncus "apices" occur also in some members of almost all families of the 

bombycoid complex. The length of the split varies from short to long in many families, 

but homologous splitting cannot convincingly be inferred alone from either the length of 

the split, or from the variable degree of tilt the lobes exhibit. However, the consistent 

combination of a particular length of split with one particular direction of tilt which I 

observed in the Anthelidae provides support to my hypothesis of homology for character 

state (1).

The deeply split and mesally ventrad tilted uncus apex is unique to some anthelid 

species, which is why I hypothesize this structure to be apomorphic.

Summary. This structure is characteristic, but varies in the degree of split and tilt 

between species. Further, the split is partly obscured by secondary fusions in some 

species (see characters #H.2-5, #H.7). Therefore, I regard my hypothesis of homology 

for the apomorphic character state (1) as poorly supported.
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Fig. 23: Munychryiapericlyta (Anthelidae), <$, dorsal view -  tegumen and weakly bilobed uncus apex 
(yellow arrow); note the fusion between tegumen and gnathos arm (green arrow).

Fig. 24: Anthela virescens (Anthelidae), S , dorsal view -  tegumen and deeply split uncus apex; note 
the tongue-shaped anterior end of the ventral sclerotization shining through (yellow arrow).
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Fig. 25: Munychryiinae n. sp. (Anthelidae), S,  
ventral view -  uncus apex with reduced lobes, as 
indicated by a tiny indentation (yellow arrow).

Fig. 26: Munychiyiapericlyta (Anthelidae), S , 
posterior view -  weakly bilobed uncus apex 
laterally curving ventrad (yellow arrows 
symbolize direction).

Fig. 27: Anthela virescens (Anthelidae), <$, posterior view -  deeply split uncus apex mesally tilted 
ventrad (yellow arrow symbolizes direction); note the "articulation" between antero-ventral extension 
of the uncus and the dorsal end of the gnathos arm (green arrows).
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Character #H.2: Deeply divided uncus apex with lobes entirely fused at 60-70° 

angle, starting ventrally.

> Character state (0) ’NO’; plesiomorph.

> Character state (1) 'YES'; apomorph; well supported.

Introduction. The lobes of the deeply divided, mesally ventrad tilted uncus are 

secondarily fused in a number of taxa, and more than one fusion event appears to have 

occurred. This and the following characters might represent modifications of a single 

fusion event, but this is uncertain and hence they are conservatively treated as separate 

characters (see above, section III. 1.2: 71).

Descriptions. In the anthelid genus Pterolocera, except for P. isogama, the uncus 

lobes are entirely fused with each other. The dorso-apical edges of the lobes are sharply 

defined and protrude dorsally and posteriad (Fig. 28). The distal half of the ventral side 

of the uncus apex forms a distinct crest, which protrudes a long way ventrally (in some 

undescribed Pterolocera species extremely) and is devoid of setae (Fig. 29). Overall, 

this single-pointed uncus apex enlarges apically.

Discussion. The partial separation of the dorso-apical edge of the uncus lobes 

showing the lobes to be fused at a mesal ventrad tilt of 60-70° (Fig. 30) suggests that the 

fusion of the uncus lobes started basally on the ventral side. This particular type of 

fusion of the uncus lobes differs from other fusions among Anthelidae (characters #H.3, 

#H.4, #H.7) and other taxa of the bombycoid complex by the angle of the fused lobes, 

the dorso-posteriad protruding, sharply defined apical edges and the strong ventral 

protrusion of the distal part of the ventral crest.

This particular type of fusion of the uncus lobes is unique to some anthelid species, 

which is why I interpret characters state (1) as apomorphic.

Summary. My hypothesis of homology for this type of fusion is well supported by 

several structural details.
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Fig. 28: Pterolocera sp. ex Tasmania (Anthelidae), S ,  lateral view -  tegumen and uncus with fused 
lobes; the apical uncus edge protrudes dorso-posteriad; note the "articulation" of gnathos and antero
lateral extension of the uncus (green arrow).

Fig. 29: Pterolocera sp. ex Tasmania 
(Anthelidae), <$, ventral view -  uncus apex; the 
median suture stretches along the entire apex 
(yellow arrows); posterior protrusion of dorso- 
apical edges very distinct.

Fig. 30: Pterolocera sp. ex Tasmania 
(Anthelidae), <3\ posterior view -  uncus apex; the 
dorso-apical edges show a mesal ventrad tilt of 
roughly 60-70° (indicated by yellow arrows).
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Character #H.3: Deeply divided uncus apex with lobes entirely fused at less than 

30° angle, starting ventrally

> Character state (0) 'NO'; plesiomorph.

> Character state (1) 'YES’; apomorph; moderately supported.

Introduction. The fused lobes are similar to the ones described in the previous

character (#H.2, state (1)) and I cannot rule out that they are merely a reduction of the 

previous character. However, a number of details differ and argue for these structures to 

represent independent fusion events.

Description. As in the previous character the lobes of the uncus apex are fused, 

apparently starting ventrally. The fused lobes are tilted at less than 30° (Fig. 34), the 

dorso-apical edges do not protrude and the apex shows at most a small indentation (Fig. 

33). The median crest of the ventral side is very shallow to absent and only apparent in 

the apical half of the fused lobes (Fig. 32). Overall, the single-pointed uncus apex 

narrows apically (Fig. 31), rather than enlarges. The sclerotization of the ventral side 

does not extend anteriad, but shows an indentation instead (Fig. 33).

The above characteristic structure is present in a large group of species that includes 

the well-known Anthela repleta, A. acuta, A. astata and A. varia. In other members of 

this species group, namely Anthela basigera and sibling species, the fused uncus lobes 

are further modified. While these species have a very shallow, ventral, median crest and 

posteriorly a minute indentation, the entire fused uncus apex is laterally compressed and 

protrudes dorsally (Fig. 39).

Discussion. As in the previous character I assume this single-pointed uncus apex to 

be a secondary fusion of deeply divided, mesally ventrad tilted uncus lobes, as indicated 

by the ventral crest and the remnants of the dorso-apical edges in some species.

This type of fusion is unique to some anthelid species and hence I interpret character 

state (1) as apomorphic.

Summary. The characteristics of character state (1) are not strikingly distinct. 

Consequently, I regard my hypothesis of homology to be only moderately supported.
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Fig. 31: Anthela astata (Anthelidae), <$, lateral view -  tegumen and uncus with fused lobes; the uncus 
apex is shallow and without a protruding dorso-apical edge.

Fig. 32: Anthela astata (Anthelidae), S ,  ventral view -  uncus apex; note the short, shallow, median 
suture.
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Fig. 33: Anthela postica (Anthelidae), <$, ventral 
view -  uncus apex; the median suture is hardly 
visible; note the anterior gap in the sclerotization 
(yellow arrow).

Fig. 34: Anthela sp. near astata ex PNG 
(Anthelidae), <$, posterior view -  uncus apex; the 
dorso-apical edges show a mesal ventrad tilt of 
less than 30° (symbolized by the yellow arrow).
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Character #H.4: Deeply divided uncus with fused lobes forming a ventral blade.

> Character state (0) ’NO'; plesiomorph.

> Character state (1) 'YES'; apomorph; poorly supported.

Description. The fused uncus lobes are apically mesally tilted ventrad by 90° and 

stand vertically. This fused structure is dorsally broad and flat, with its lateral walls 

being strongly concave (Fig. 36) and form a median, ventral blade (Fig. 35). This blade 

extends over the length of the entire uncus apex, but is tallest posteriorly.

Discussion. 1 regard the present condition to be the first step in a transformation 

series, which is characterized by the formation of a ventral blade over the entire length 

of the uncus apex. Accordingly, I score this character as 1 in taxa exhibiting the further 

modification detailed in character #H.5, state (1). In their overall shape the fused lobes 

of the uncus recall a condition present in other anthelid species, namely separate, 

apically touching uncus lobes with a mesa! ventrad tilt of roughly 90° (character #H.6, 

state (1)).

This fusion type of the uncus lobes is unique to some Anthelidae, which is why I 

interpret character state (1) as apomorphic.

Summary.

Because of the assumed subsequent modification my hypothesis of homology is only 

based on the shared formation of a ventral blade over the entire length of the uncus 

apex. Therefore, I regard my hypothesis of homology to be poorly supported.
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Fig. 35: Anthela neurospasta (Anthelidae), <3\ lateral view -  uncus with fused lobes forming a ventral 
blade over entire length of uncus apex; note the "articulation" of gnathos and antero-lateral extension of 
the uncus.

Fig. 36: Anthela neurospasta (Anthelidae), c , posterior view -  uncus with fused lobes forming a 
ventral blade; note the concave lateral sides caused by the strong ventral tilt (long yellow arrow), the 
median indication of a fusion of separate lobes (short yellow arrow) and the flat dorsal side.
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Character #H.5: Uncus with ventral blade laterally compressed.

> Character state (0) ’NO’; plesiomorph.

> Character state (1) 'YES’; apomorph; moderately supported.

Description. Some anthelid species have fused uncus lobes that form a ventral blade 

as in character #H.4 state (1), but these differ from it by being dorsally narrow (Fig. 37). 

This condition is superficially similar to the one found in the species group surrounding 

Anthela basigera (Fig. 39; see character #H.3), but can be distinguished from it by the 

blade-shaped part extending ventrad (rather than dorsad) and over the entire length of 

the uncus apex (rather than just distally). Further, the posterior edge of this ventral blade 

is rounded (not indented).

Discussion. I assume this structure to be a modification of character #H.4 state (1), in 

which the uncus apex is dorsally broad and flat, and has strongly concave lateral walls 

(Fig. 36). In the species with character #H.5 state (1) the lateral walls of the uncus blade 

are parallel and the posterior edge is rounded (no indentation) (Fig. 38).

Being part of a postulated transformation series, for which the polarity has been 

identified in the previous character, interpret character state (1) as apomorphic.

Summary. I regard my hypothesis of homology for the apomorphic character state (1) 

to be moderately supported.
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Fig. 37: Anthelaphoenicias (Anthelidae), $ ,  lateral view -  uncus with fused lobes forming a ventral 
blade over entire length of uncus apex (yellow arrow); note the "articulation" of gnathos and antero
lateral extension of the uncus (green arrow).

Fig. 38: Anthela phoenicias (Anthelidae), <$, ventral view -  uncus with fused lobes forming a ventral 
blade over entire length of uncus apex (yellow arrow); blade is laterally compressed (red arrows); note 
the rounded posterior edge (green arrow).
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Fig. 39: Anthela basigera (Anthelidae), <$, lateral view -  uncus with fused lobes, which have a very 
shallow, short, ventral crest (yellow arrow), are laterally compressed ("blade-shaped") and protrude 
dorsally.
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Character #H.6: Deeply divided uncus with vertical lobes distally touching.

> Character state (0) ’NO'; plesiomorph.

> Character state (1) 'YES'; apomorph; well supported.

Description. In some species the deeply divided uncus lobes are mesally distinctly 

more strongly tilted ventrad than in other taxa, they are distally in a vertical position 

(Fig. 42). In these species the lobes are distinctly separated from each other basally 

(elongate, oval gap; Fig. 41), but they are touching each other distally. Overall, these 

lobes are finger-shaped and curve ventrad (Fig. 40).

Discussion. The vertical position of the uncus lobes is the most extreme ventrad tilt, 

and the restriction of the contact between the uncus lobes to their apices is unique. I 

therefore interpret character state (1) as apomorphic.

I further regard this character state to be subsequently modified (character #H.7 state 

(1)) and score it accordingly as an additive binary character.

Summary. I believe my hypothesis of homology for this modification of the uncus 

lobes to be well supported.

Fig. 40: Anthela asterias (Anthelidae), <$, lateral view -  uncus with finger-shaped, mesally strongly 
ventrad tilted lobes, which touch each other distally.
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Fig. 41: Anthela asterias (Anthelidae), <3\ dorsal view -  uncus with finger-shaped, mesally strongly 
ventrad tilted lobes, which touch each other distally; note the gap at the base of the two lobes (yellow 
arrow).

Fig. 42: Anthela asterias (Anthelidae), <$, dorsal view -  uncus with finger-shaped, mesally strongly 
ventrad tilted lobes (yellow arrow visualizes tilt; the lobes are distally oriented "vertically"), which 
touch each other distally.
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Character #H.7: Deeply divided uncus with lobes only dorsally partly fused.

> Character state (0) ’NO'; plesiomorph.

> Character state (1) 'YES’; apomorph; very well supported.

Description. In a group of species endemic to New Guinea the deeply divided uncus 

lobes are long, flat and curve ventrad (Fig. 43). Their apex has a strongly sclerotized, 

pointed tip (Figs 43, 46). From the base to the apex, these lobes are tightly parallel to 

each other and are mesally tilted ventrad by 90° (vertical orientation) (Fig. 46). These 

lobes show a partial, proximal fusion of the dorsal sides, which ends well before the 

apices of the lobes (Fig. 44). The ventral sides of the lobes are still entirely separated 

(Fig. 45) and the two parts can be pulled apart physically.

Discussion. This apparent beginning of a fusion on the dorsal side contrasts with all 

other fusions, which are complete and appear to have originated on the ventral side as 

indicated by the apices of the fused uncus lobes. As the dorsal fusion is complete 

proximally, but the two lobes are separated distally, I assume this fusion to progress 

from the bases towards the apices of the uncus lobes.

In some species, e.g., the type species of the genus Corticomis (C. eupterotioides), it 

seems very apparent that the fused condition of the uncus lobes is a subsequent 

modification of the strongly ventrad tilted and apically touching uncus lobes described 

as character #H.6 state (1). Hence, I scored this character accordingly as an additive 

binary character, with character state (1) being apomorphic.

Summary. The fusion shows numerous indications of homology as described above. 

Hence, I regard my hypothesis of homology of the apomorphic character state (1) to be 

very well supported.
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Fig. 43: Pseudodreata sp. (Anthelidae), 3 , lateral view -  tegumen and uncus with dorsally partly 
fused, but ventrally separate lobes; lobe apex with strongly sclerotized, pointed tip; note the 
"articulation" between the gnathos and the antero-lateral extension of the uncus (green arrow).

Fig. 44: Pseudodreata sp. (Anthelidae), 3 ,  dorsal view -  tegumen and uncus with dorsally partly 
fused, but ventrally separate lobes; the dorsal side of the lobes' apex remained distally separated 
(yellow arrows); note the convex anterior edge of the tegumen (green arrows).
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Fig. 45: Pseudodreata sp. (Anthelidae), <$, ventral view -  uncus with dorsally partly fused, but 
ventrally separate lobes; the ventral side is not fused as indicated by median membranous area (yellow 
arrows).

Fig. 46: Pseudodreata sp. (Anthelidae), posterior view -  uncus with dorsally partly fused, but 
ventrally separated lobes; the lobe apices have a strongly sclerotized, pointed tip; note the median 
suture (yellow arrow) and gap.
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Character #H.8: Gnathos arms dorsally reduced.

> Character state (0) ’NO’; plesiomorph.

> Character state (1) 'YES'; apomorph; poorly supported.

Introduction. The gnathos is one of the most frequently reduced structures in 

Macrolepidoptera. At least within the bombycoid complex these reductions and losses 

of the gnathos are obviously very homoplastic and hence I do not use them as characters 

in my phylogenetic analyses. If remnants of the gnathos are left, they typically show that 

the reductions started from the gnathos plate and extended laterad -  the dorsal ends, 

which "articulate" with the antero-ventral extension of the uncus, are the last to 

disappear (Fig. 47).

Description. An unusual reduction starting from the dorsal end of the gnathos arms is 

present in some anthelid species (Fig. 48). The amount of the reduction varies between 

species, but a distinct ventral part of the gnathos arm is retained in all species, typically 

mesally fused to the modified mesal protrusions (character #H.15 state (1)).

Discussion. The fully developed gnathos or at least dorsal remnants of it are present 

in many anthelid species. The apomorphic condition is obviously the dorsal reduction of 

the gnathos arms, character state (1).

Summary. While being very unusual, this dorsal reduction of the gnathos arms is no 

more than a simple reduction, which could not be differentiated from similar reductions. 

Therefore, I regard my hypothesis of homology to be poorly supported.
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Fig. 47: Anthela basigera (Anthelidae), S , 
posterior view -  the gnathos arm is dorsally well 
developed (yellow arrows).

Fig. 48: Anthela varia (Anthelidae), S-, posterior 
view -  the gnathos arm is dorsally reduced 
(yellow arrows mark lost section; the sclerotized 
remnant of the gnathos arm starts dorsally at the 
ventral arrow and is seamlessly fused with the 
sclerotization of the mesal protrusion).
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Character #H.9: Gnathos arms dorso-posteriorly with secondary, spinose 

sclerotization.

> Character state (0) 'NO'; plesiomorph.

> Character state (1) ’YES’; apomorph; very well supported.

Introduction. The sclerotization of the gnathos, in particular its median plate, is very 

variable within Macrolepidoptera. It ranges from smooth to very rough, but is essentially 

never setose. In Anthelidae the sclerotization of the gnathos arms as well as of the 

median plate is always smooth (Fig. 14).

Description. In a few anthelid species the median plate has been lost and the mesal 

ends of the retained lateral arms have a characteristic shape. They consist of a strongly 

sclerotized, posteriad protruding band and a weak sclerotization in the plane of the 

diaphragma, which extends further mesad than the posteriad protruding band. In 

addition, a secondary sclerotization of mainly the dorsal, posteriad protruding part 

exists. This sclerotization consists of numerous minute spines (Fig. 49). The degree of 

development of this secondary sclerotization differs between species. It ranges from a 

few minute spines on the strongly sclerotized band (Anthela neurospasta and A. 

achromata) to a very distinct posterior and mesal extension, which can even fuse with 

its counterpart from the opposite side, forming a continuous band. The remnants of the 

original gnathos are still clearly discernible with transmitted light.

Discussion. The entire gnathos has a smooth sclerotization in all Anthelidae and 

most Macrolepidoptera. The spinose secondary sclerotization of such gnathos arm 

remnants seems to be unique to some anthelid species, and hence I interpret character 

state (1) as apomorphic.

Summary. Despite the variation in extent and degree of sclerotization, this 

modification has numerous characteristic details as described above. This is why I 

regard my hypothesis of homology to be very well supported.
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Fig. 49: Anthela hyperythra (Anthelidae), <$, posterior view [phallus removed] -  uncus with fused 
lobes, gnathos arms with secondary, spinose sclerotization, valvae with large valva apodeme lobe, and 
juxta with remnants of mesal protrusion (yellow arrow; see Fig. 21); note the remnants of the smooth 
sclerotization ventrally of the secondarily sclerotized gnathos arm ends, as well as the dorsal curving of 
the apex of these ends; note the concave, plate-like dorsal side of the valva apodeme lobe.
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Character #H.10: Gnathos and mesal side of valva fused.

> Character state (0) ’NO'; plesiomorph.

> Character state (1) 'YES'; apomorph; moderately supported.

Introduction. With the exception of some families in the bombycoid complex,

gnathos and valvae are separated from each other by the membranous diaphragma in 

Macrolepidoptera (Fig. 53). Typically, the gnathos ends far dorsally and somewhat 

posteriorly to the valva base. This condition is very distinct in a number of bombycoid 

families, namely Mimallonidae, Lasiocampidae (Figs 50, 51), Bombycidae and 

Sphingidae (Fig. 52).

Description. In a number of families of the bombycoid complex a seemingly unique 

fusion between the gnathos and a fold extending from the mesal side of the valva is 

present (see above, section III. 1.3). This fold extends from the base of the valva mesad, 

along and beyond the valva apodeme. It is usually referred to as the transtilla or hemi- 

transtilla in literature, but see the discussion of these terms above (pp. 63ff). The fusion 

between this fold and the gnathos occurs near the transition from the double-walled 

gnathos plate to the gnathos arms. In the majority of species secondary reductions of the 

gnathos and/or the mesal fold obscure this fusion, often beyond recognition.

Discussion. The fusion of the gnathos and the mesal fold is obvious in some 

Anthelidae (Figs 70, 71) and many Saturniidae (Fig. 54), for which a fusion of gnathos 

and "transtilla" has already been mentioned occasionally in the literature (Michener 

1952: 353-354; Rougerie 2003: 229), but more often was misunderstood and caused 

confusion in the application of the terms gnathos and transtilla (e.g., Pinhey 1972: 18). 

In many Saturniidae the connection between the gnathos arms and the gnathos plate is 

secondarily severed, while the gnathos plate and the mesal fold are strongly fused in 

many taxa (Figs 55, 56). This "relocated" gnathos plate can be mesally reduced, 

resulting in the appearance of a protrusion at the end of the "transtilla". In some species 

the situation is even more confusing as the membranous gnathos plate is fused to the 

mesal fold, while the severed mesal ends of the gnathos arms form secondary, coarse, 

posteriad protruding outgrowths (e.g., Therinia buckleyi (Saturniidae: Oxyteninae)). 

Despite all these confusing modifications, the most distinct fusions between gnathos and 

mesal fold can be found in Saturniidae with generally (for the family) plesiomorphic
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genital structures (e.g., Aglia tan (Agliinae) and Eacles imperialis (Ceratocampinae) 

(Figs 54-56)).

In Lemonia dumi (Lemoniidae) Stekolnikov and Zolotukhin (2002: 682) noted the 

attachment of muscles m4 to a "dense fold between the valves, close to the median plate 

of the gnathos". This describes a secondary reduction of the sclerotization of the mesal 

fold and gnathos. This is further indicated by the valva apodeme reaching the gnathos 

(Fig. 57). This condition can be more easily observed in the more heavily sclerotized 

structures of Sabalia picarina (Lemoniidae) (Fig. 58), as well as less heavily sclerotized 

in Brahmophthalma hearseyi (Brahmaeidae) (Fig. 59).

In most Eupterotidae the gnathos is entirely lost, but a well developed gnathos is 

present and fused with the mesal fold in, e.g., the genera Ganisa (Fig. 60) and Apona. 

This fusion is secondarily severed by a crack between the two structures, but the 

secondary nature of this condition is indicated by patches of sclerotization dorsally 

attached to the valva apodeme.

In (almost) monotypic families of the bombycoid complex the situation is difficult to 

judge. In Endromidae and Mirinidae the gnathos plate has the shape of a large wall with 

a reduced sclerotization, except for its dorsal edge in Endromis versicolora 

(Endromidae). While the membranous remnants of the gnathos appear to stretch far 

ventrad, it is not discernible where the sclerotization of the ventral gnathos wall ended 

originally. In E. versicolora the valva apodeme is very long and strongly curved antero- 

ventrad. As the valva apodeme borders the mesal fold dorsally, it appears unlikely that a 

fusion between gnathos and mesal fold existed, but I cannot rule out that this is a 

secondary modification. The valva apodeme and the sclerotization of the mesal side of 

the valva are strongly reduced in Mirina christophi (Mirinidae) and no conclusions can 

be drawn for this species. The situation is similar in the Australian Carthaea 

saturnioides (Carthaeidae, monotypic) (Fig. 61). In this species the gnathos is well 

developed, but the coarse, spinose sclerotization recalls the condition present in 

Brahmophthalma hearseyi (Fig. 59) and superficially the secondary sclerotization found 

in some Anthelidae (see above, character #H.9). A similar but finer scobination is also 

present at the distal end of the mesal fold of the valva, which could be an indication of a 

fusion between the gnathos and mesal fold, with a subsequent loss of sclerotization (Fig. 

61). Alternatively, this scobination could have evolved independently. The gnathos is 

located far ventrally, and a membrane connects its ventral edge with the dorsal comer of
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the valvae. This ventral membrane might have been the wall of the gnathos plate, if the 

visible plate should be a secondary sclerotization. However, the valva apodeme and with 

it the well sclerotized mesal fold are curved ventrad and therefore distinctly at a distance 

to the membrane ventrally of the gnathos, which argues against a fusion between 

gnathos and mesal fold.

While the gnathos and mesal fold are not as clearly separated from each other as in 

the families mentioned above, I also assume them to be separated in the three families 

Endromidae, Mirinidae and Carthaeidae based on the indications of a separation.

As the gnathos and mesal fold are distinctly separated in Macrolepidoptera and 

several bombycoid families, I interpret character state (1) as apomorphic.

Summary. This unique fusion is typically distinct in some representatives of each 

family, but the condition is obscured in three small bombycoid families (Endromidae, 

Miminidae and Carthaeidae), for which I have possibly incorrectly scored this character 

as plesiomorphic. Subsequent reductions often obscure the visibility of the fusion within 

each family. I regard my hypothesis of homology to be well supported overall.
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Fig. 50: Poecilocatnpa populi (Lasiocampidae), S , lateral view -  uncus and gnathos; note the huge 
distance between the gnathos and the valva (black double-arrow) [dotted line traces membranous 
connection].

Fig. 51: Poecilocampa populi (Lasiocampidae), S , posterior view -  uncus and gnathos; note the 
distance between the gnathos and the valva (black double-arrow).
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Fig. 52: Coenotes eremophilae (Sphingidae), posterior view -  a hairless, smooth sclerotization of 
the mesal side of the valva (valva apodeme) extends mesad as a huge, weak sclerotization (dotted line 
marks extent) of the diaphragma and fuses with the valva apodeme of the opposite side; note the 
distance (black double-arrow) between the gnathos plate and the valva apodeme.

Fig. 53: Paralaea jarrah (Geometridae), S ,  posterior view -  a hairless, smooth sclerotization of the 
mesal side of the valva (valva apodeme) extends mesad and almost fuses with the valva apodeme of the 
opposite side; note the distance (black double-arrow) between the gnathos plate and the valva apodeme.
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Fig. 54: Aglia tan (Satumiidae), <$, posterior view -  the gnathos plate and the setose, mesal fold of 
valva are firmly fused with each other.

Fig. 55: Eacles imperialis (Satumiidae), S ,  posterior view [phallus removed] -  the gnathos plate and 
the setose, mesal fold of valva are firmly fused with each other.
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Fig. 56: Eacles imperialis (Satumiidae), $ ,  posterior view -  the gnathos plate and the setose, mesal 
fold of the valva (forming a strongly laterally compressed process) are firmly fused with each other; 
note the secondary reduction of the sclerotization between the gnathos arm and the gnathos plate 
(yellow arrow).
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Fig. 57: Lemonia dumi (Lemoniidae), <$, posterior view -  the gnathos plate and the mesal fold of the 
valva (sclerotization reduced) are fused with each other.
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Fig. 58: Sabalia picarina (Lemoniidae), S ,  posterior view -  the gnathos plate and the mesal fold of the 
valva are fused with each other.

Fig. 59: Brahmophthalma hearseyi (Brahmaeidae), S, posterior view -  the gnathos plate and the mesal 
fold of the valva (sclerotization reduced) are fused with each other.
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Fig. 60: Ganisa plana (Eupterotidae), <$, posterior view -  the gnathos plate and the mesal fold of the 
valva are fused with each other (separated by a minute cleft).

Fig. 61: Carthaea saturnioides (Carthaeidae), S , posterior view -  the gnathos plate and the mesal fold 
of the valva are distinctly separated from each other; note the scobination of the gnathos and the finer 
scobination at the distal end of the mesal fold of the valva, which might indicate a secondarily reduced 
fusion between the gnathos and the mesal fold.
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Character #H.ll: Mesal protrusion and anellus merged.

> Character state (0) 'NO’; plesiomorph.

> Character state (1) 'YES'; apomorph; poorly supported.

Description. In Anthelidae the mesal fold that originates from the dorsal part of the 

mesal valva wall forms a setose, mesal protrusion (Figs 15, 17; see above, section 

III. 1.3). In most Anthelidae, this setose protrusion is merged with the protruding anellus, 

which surrounds the phallus dorsally and laterally and which ends dorso-laterally of the 

juxta. Together they form a single, protruding structure (Figs 64, 66, 69).

Discussion. As the mesal protrusion originates from a fold of the mesal side of the 

valva, the mesal protrusion is a structure independent of the anellus. In Munychryiinae 

the physical separation of these structures as two individual protrusions is retained, but 

the structures are interconnected by a sclerotization. The fusion of these two protrusions 

into a single protrusion is unique to all other Anthelidae, which is why I interpret 

character state (1) as apomorphic.

Summary. This unique fusion is variously modified and frequently lost, which is 

why I regard my hypothesis of homology to be poorly supported.
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Character #H.12: Mesal protrusion and anellus merged with juxta.

> Character state (0) ’NO'; plesiomorph.

> Character state (1) 'YES'; apomorph; moderately supported.

Description. The setose protrusion, formed by the merged mesal protrusion and 

anellus, ends laterally of the dorso-lateral ends of the juxta. In some anthelid species the 

lateral wall of this setose, merged protrusion goes directly over into the lateral wall of 

the protruding part of the juxta -  the merged mesal protrusion and anellus are directly 

fused with the protruding part of the juxta (Figs 62, 63, 64, 65, 66) and no longer 

separated from each other by a simple sclerotization.

Discussion. The setose, mesal protrusion is formed by the mesal fold of the dorsal 

part of the mesal valva wall. In taxa of the bombycoid complex the mesal fold is never 

fused to the juxta except for a few anthelid species in which the mesal protrusion (a part 

of the mesal fold) is fused to the juxta. Therefore, I interpret character state (1) as 

apomorphic.

Summary. The direct merger between the mesal protrusion and the anellus with the 

protruding part of the juxta is unique but simple. Hence, 1 regard my hypothesis of 

homology to be moderately supported.
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Fig. 62: Anthelaferruginosa (Anthelidae), <$, lateral view [phallus removed] -  the mesal 
protrusion/anellus and the posteriad protruding part of the juxta are directly fused with each other; note 
the relatively short length of the protruding juxta part (black double-arrow visualizes difference 
compared to mesal protrusion/anellus); note the conical shape of the mesal protrusion.
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Character #H.13: Juxta forms a very long, apically narrowing and pointed trough.

> Character state (0) ’NO’; plesiomorph.

> Character state (1) ’YES'; apomorph; well supported.

Description. In some species that have a fused mesal protrusion/anellus and juxta 

(character #H.12 state (1)), the juxta protrudes a long way posteriad. This "long" juxta 

has the shape of a trough, narrows apically and ends in a pointed tip (Figs 63, 65).

Discussion. In other species with a protruding juxta, including those with a directly 

fused mesal protrusion and juxta, the juxta is much shorter and does not form a pointed 

trough (Fig. 62). Hence, I interpret character state (1) as apomorphic.

Summary. The juxta is of characteristic shape and unusual length, which is why I 

believe my hypothesis of homology to be well supported.
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Fig. 63: Anthelaphaeodesma (Anthelidae), S ,  lateral view [phallus removed] -  the mesal 
protrusion/anellus and the posteriad protruding part of the juxta are directly fused with each other; the 
protruding juxta part is trough-shaped, apically pointed and very long (black double-arrow visualizes 
difference in length compared to mesal protrusion); note the conical shape of the mesal protrusion.

Fig. 64: Anthela phaeodesma (Anthelidae), S ,  posterior view [phallus removed] -  the mesal 
protrusion/anellus and the posteriad protruding part of the juxta are directly fused with each other 
(yellow arrow marks continuous wall); the protruding juxta part is trough-shaped, apically pointed and 
very long; note the conical shape of the mesal protrusion.
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Character #H.14: Mesal protrusions merged with the juxta form a pair of laterally 

bowed ridges.

> Character state (0) 'NO'; plesiomorph.

> Character state (1) 'YES'; apomorph; well supported.

Description. The rather conical mesal protrusion/anellus (Figs 62, 63, 64), which is 

directly fused to the posteriad protruding part of the juxta (character #H.12 state (1)), 

has been modified in a number of anthelid species. In these species the mesal 

protrusion/anellus forms an elongate ridge in dorso-ventral orientation, which near its 

middle is bowed laterally in a characteristic way (Figs 65, 66).

Discussion. The conical mesal protrusion occurs in species in which the mesal 

protrusion is separate from the protruding part of the juxta, as well as in species in 

which these structures are directly fused. A ridge-shaped and laterally bowed mesal 

protrusion occurs only in species in which the mesal protrusion and the protruding part 

of the juxta are fused. Therefore I interpret character state (1) as apomorphic.

Summary. The ridge-shaped and laterally bowed mesal protrusion has a unique and 

very characteristic shape, which has numerous details hard to describe with words. I 

therefore regard my hypothesis of homology to be well supported.
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Fig. 65: Anthela virescens (Anthelidae), <3, (postero-) lateral view [phallus removed] -  the mesal 
protrusion/anellus and the posteriad protruding part of the juxta are directly fused with each other; note 
the elongate ridge-shape of the mesal protrusion; note the large difference in height between the mesal 
protrusion and the apex of the protruding part of the juxta.

Fig. 66: Anthela virescens (Anthelidae), 3 , posterior view [phallus removed] -  the mesal 
protrusion/anellus and the posteriad protruding part of the juxta are directly fused with each other; the 
elongate, ridge-shaped mesal protrusion is bowed laterally near its middle; note the total absence of a 
valva apodeme lobe and the lack of sclerotization of the mesal valva wall, resulting in an "isolated", 
very short valva apodeme.
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Character #H.15: Mesal protrusion/anellus forms a well sclerotized, elongate, 

setose ridge laterally of the phallus.

> Character state (0) ’NO’; plesiomorph.

> Character state (1) 'YES’; apomorph; very well supported.

Description. In some anthelid species the phallus is bordered laterally by a pair of 

elongate, sclerotized and setose ridges, which are -  with the exception of Anthela 

denticulata and its closest relatives -  posteriad curved (Figs 67, 68). These setose ridges 

end laterally of the juxta (Fig. 67), to which they are connected by a simple, flat 

sclerotization (Fig. 69).

Discussion. These setose ridges are the mesa! protrusions, which are entirely united 

with the anellus. Correlated with the ventral extension of the mesal protrusions/anellus 

is a dorsal shortening of the juxta (Fig. 69). This is because the lateral support for the 

phallus, which is normally provided by the lateral ends of the protruding juxta in other 

species, is provided by the elongate mesal protrusions/anellus in these taxa.

As described for character #H.14, the mesal protrusion is originally conical and 

located dorso-laterally of the phallus. Consequently I interpret character state (1) as 

apomorphic.

Summary. This modification of the mesal protrusion/anellus has numerous 

characteristic details as described above. Based on those details I regard my hypothesis 

of homology to be very well supported.
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Fig. 67: Anthela acuta (Anthelidae), <$, lateral 
view [phallus removed] -  setose, elongate mesal 
protrusion/anellus and protruding juxta; note the 
distinct lateral overlap of the two structures 
(yellow arrow).

Fig. 68: Anthela astata (Anthelidae), lateral 
view [phallus removed] -  setose, elongate mesal 
protrusion/anellus and protruding juxta; note the 
minor lateral overlap of the two structures.

Fig. 69: Anthela astata (Anthelidae), S ,  posterior view [phallus removed] -  setose, elongate mesal 
protrusion/anellus and protruding juxta; note the minor lateral overlap end the distinct gap bridged by a 
flat sclerotization (yellow arrows) between the two structures; note the remnants of the gnathos arms 
being fused ventrally to the mesal protrusions as well as mesally to the subscaphium.
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Character #H.16: Mesal protrusions, anellus and gnathos form dorsal suspension 

of the phallus.

> Character state (0) ’NO'; plesiomorph.

> Character state (1) 'YES'; apomorph; very well supported.

Description. In the endemic New Guinean genera Pseudodreata and Corticomis 

(both Anthelidae) the setose mesal protrusions and the hairless gnathos plate are entirely 

fused (Fig. 71). They are ventrally fused onto the anellus which protrudes posteriad a 

long way (Fig. 70). In this fused structure the mesal protrusions extend further posteriad 

than in any other anthelid species, and their setae are minute. The long, thin phallus 

appears to be suspended dorsally (from the gnathos plate) in this sheath, while the 

"superfluous" juxta is reduced to a flat, U-shaped sclerotization in the diaphragma (Fig. 

70).

Discussion. This unique and rather complex fusion of structures is a modification of 

the conical mesal protrusions, the latero-basally fused gnathos plate and the anellus. 

Therefore I interpret character state (1) as apomorphic.

Summary. This modification involves several structures and has numerous 

characteristic details as described above. Based on these details I believe my hypothesis 

of homology to be very well supported.
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Fig. 70: Pseudodreata sp. (Anthelidae), <$, posterior view [phallus removed] -  the mesal protrusion 
with minute setae (yellow arrow) and the dorsal side of the hairless gnathos plate form the dorsal wall 
of a sheath, which is fused onto the anellus (green arrow); note the gap between this sheath and the 
simple, flat juxta.

Fig. 71: Pseudodreata sp. (Anthelidae), S , dorsal view [phallus removed] -  the mesal protrusion with 
minute setae (yellow arrow) and the dorsal side of the hairless gnathos plate form the dorsal wall of a 
sheath, which is fused onto the anellus (green arrow); this fused complex of structures suspends the 
phallus dorsally.
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Character #H.17: Valva apodeme long and curved ventrad, giving rise to a second 

protrusion ("valva apodeme lobe").

> Character state (0) 'NO’; plesiomorph.

> Character state (1) 'YES'; apomorph; well supported.

Description. In most anthelid species a second setose protrusion -  in addition to the 

setose mesal protrusion -  is formed by the dorsal part of the mesal side of the valva (see 

above, section III. 1.3), ventro-posteriorly to the valva apodeme.

Discussion. This protrusion seems to have been caused by an extension of the valva 

apodeme, which curves ventrad and "pushes up" a membranous fold near its distal end 

(Fig. 72). This protruding fold appears to be secondarily (partly) sclerotized in many 

species. Due to the location of the fold ventro-posteriorly to the valva apodeme and its 

subsequent modification into a prominent, sclerotized lobe in many species, I refer to 

this protrusion as the "valva apodeme lobe".

The valva apodeme lobe is variously modified and has characteristic shapes and 

locations in many species. I use these characteristic modifications as characters but 

generally have too few indications to hypothesize on all the transformations of these 

shapes. As with the fusion of the uncus lobes (see above, section III. 1.2: 71) I therefore 

treat these modifications conservatively as if they originated independently.

The valva apodeme lobe seems to be a modification of the mesal wall of the valva, 

caused by an extension and the ventral curving of the valva apodeme. This is unique to 

some anthelid taxa, which is why I interpret character state (1) as apomorphic.

A similarly ventrad curved long valva apodeme is present in Carthaea saturnioides 

(Carthaeidae). I assume the modification in C. saturnioides to be a parallelism as the 

curving of the valva apodeme enables a direct antagonistic function of muscle m2 to 

muscle m4 (see above, section III. 1.1: 65); the former is absent and the latter is in a 

different position in Anthelidae.

Summary. While unique, the valva apodeme lobe has been modified frequently, 

which makes homologization of the various shapes rather difficult, other than by 

Remane's criterion of the specific location (1952), as well as by the length and curving 

of the valva apodeme. For some shapes transformation series can be hypothesized, for 

others not. Based on these indications, I regard my hypothesis of homology to be well
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supported.

Fig. 72: Anthelinae n. sp. (Anthelidae), S, mesal view -  mesal side of valva with protruding fold, 
caused by the extension and ventral curving of the valva apodeme; note the weak sclerotization; note 
the ventro-distal, sclerotized, transverse ridge, which forms a large and a small protrusion.
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Character #H.18: Valva apodeme lobe forms a posterior, "upturned” process.

> Character state (0) ’NO’; plesiomorph.

> Character state (1) 'YES'; apomorph; moderately supported.

Description. In some anthelid species the valva apodeme lobe (Fig. 72) curves 

posteriad, forming an "upturned" process (Figs 73, 74).

Discussion. This posterior process is modified in most species and a transformation 

series of modifications can be constructed (characters #H.19, #H.20). As with other 

structures arranged in a transformation series, I code them as additive binary characters.

The posterior process is a unique modification of the simple, membranous valva 

apodeme lobe. Therefore I interpret character state (1) as apomorphic.

Summary. The posterior process on the membranous valva apodeme lobe is 

characteristic. However, subsequent reduction obscures some of its characteristics in 

many species, which is why I regard my hypothesis of homology to be moderately 

supported.
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Fig. 74: Anthela repleta (Anthelidae), <$, mesal view -  mesal side of the valva with the valva apodeme 
lobe forming a posterior process (yellow arrow); note the broad, almost rectangular, plate-shaped 
clasper.

Fig. 73: Anthela basigera (Anthelidae), <$, mesal view -  mesal side of valva with the valva apodeme 
lobe fonning a posterior process (yellow arrow); note the broad, almost rectangular, plate-shaped 
clasper (protruding postero-mesad from the plane of the valva).
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Character #H.19: Valva apodeme and valva apodeme lobe with posterior process 

shortened to a triangular process, which is orientated parallel to the valva 

apodeme.

> Character state (0) 'NO'; plesiomorph.

> Character state (1) 'YES'; apomorph; moderately supported.

Description. In a number of anthelid species a triangular, rather flat process is 

located parallel to a short valva apodeme (Fig. 75).

Discussion. In these anthelid species the valva apodeme and the valva apodeme lobe 

with a posterior process (character #H.18 state (1)) have been shortened basally. This 

basal reduction causes a dorsal shift of the process on the valva and results in the 

structure described above. Further simple reductions in size, including the total loss of 

the process and the valva apodeme, are common but do not affect the position of the 

process relative to the valva (Fig. 76). These reductions are too non-specific to allow 

sound hypotheses of homology, which is why I did not use these subsequent reductions 

as separate characters.

I assume character state (1) to be a subsequent modification of character #H.18 state 

(1), hence character state (1) to be apomorphic.

Summary. The triangular, rather flat process, which is located parallel to the 

shortened valva apodeme, is a characteristic structure despite being the result of a 

reduction. Its presence is obscured by subsequent reductions, which is why I regard my 

hypothesis of homology to be moderately supported.
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Fig. 75: Anthela haemoptera (Anthelidae), <$, mesal view -  mesal side of valva with the valva 
apodeme reduced to a flat process, which protrudes mesad and is parallel to the valva apodeme (in this 
view only visible as a line of darker sclerotization marked by the yellow arrow); note the simple, 
narrow clasper.

Fig. 76: Anthela varia (Anthelidae), mesal view -  mesal side of the valva with a valva apodeme 
lobe that is reduced to a small process (yellow arrow); note the simple, narrow clasper with a shallow, 
triangular, dorsal protrusion near its apex.

-  134 -



III. 1.4) Character analyses of male genital sclerite characters 

Character #H.20: Triangular process, which is parallel to the valva apodeme, is 

heavily sclerotized, thereby forming a flat, serrate and pointed tooth.

> Character state (0) 'NO'; plesiomorph.

> Character state (1) 'YES’; apomorph; well supported.

Description. Currently included in the large species complex around Anthela acuta 

and A. astata is a small group of species, in which the process parallel to the valva 

apodeme forms a large, heavily sclerotized, flat, serrate and pointed tooth (Figs 77, 78).

Discussion. I assume character state (1) to be a subsequent modification of character 

#H.19 state (1), hence character state (1) to be apomorphic.

Summary. The sclerotized tooth is very distinct, and specific in location and 

orientation. Therefore I regard my hypothesis of homology to be well supported.

Fig. 77: Anthela "acuta" (Anthelidae), <$, mesal view -  valva apodeme with heavily sclerotized, flat, 
serrate tooth (yellow arrow); note the process (green arrow) formed by the reduction of the plate
shaped clasper.
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Fig. 78: Anthela "acuta" (Anthelidae), S , dorso-anterior view -  valva apodeme (red arrow marks end) 
with heavily sclerotized. flat, serrate tooth (modified posterior process of valva apodeme lobe).
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Character #H.21: Valva apodeme lobe lost.

> Character state (0) 'NO'; plesiomorph.

> Character state (1) 'YES'; apomorph; poorly supported.

Description. In a small number of anthelid species the membranous to weakly 

sclerotized mesal side of the valva does not form a fold or protrusion (Figs 79, 80), 

despite the distinct extension and very strong ventrad curving of the valva apodeme. In 

one species only, Anthela ostra, a very shallow protrusion is present. In these species the 

valva apodeme seems to be more "adpressed" (more strongly curved ventrad) to the 

mesal side of the valva than in other species, and the distal end of the valva apodeme is 

slightly bent or extended anteriad (Fig. 80).

Discussion. The ventrad curving of a long valva apodeme typically causes a fold in 

the membrane of the mesal side of the valva. As a long, strongly ventrad curved valva 

apodeme is present in these taxa, I interpret the lack of a membranous fold as a 

subsequent reduction, hence character state (1) as apomorphic.

Summary. The simple absence of any structure by itself has no indications of 

homology, and the additional modifications of the valva apodeme are minor. Therefore I 

regard my hypothesis of homology to be poorly supported.
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Fig. 79: Anthela sp. near A. Fig. 80: Anthela sp. near A. ocellata group (Anthelidae), <$, mesal
ocellata group (Anthelidae), S ,  view -  valva with extended and ventrad curved valva apodeme;
anterior view -  valva with valva note the absence of a valva apodeme lobe and the minor anterior 
apodeme; note the absence of a extension/bending at the distal end of the valva apodeme. 
valva apodeme lobe, despite the 
length and strong ventrad 
curving of the valva apodeme.
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Character #H.22: Dorsally sclerotized valva apodeme lobe protrudes mesad at 

roughly 45° angle.

> Character state (0) 'NO'; plesiomorph.

> Character state (1) 'YES'; apomorph; moderately supported.

Description. In many anthelid species the fold caused by the ventrad curved valva 

apodeme extends on the mesal side of the valva from near the distal end of the valva 

apodeme far posteriad. In these species the dorsal side of the fold is typically strongly 

sclerotized and synscleritous with the dorsal edge of the valva. The baso-ventral end of 

this fold -  and with it to a lesser degree the distal part of the valva apodeme -  protrudes 

dorso-mesad in many species. This results in a characteristic shape of the valva 

apodeme lobe: its ventral side is at about a right angle to the plane of the valva, while its 

dorsal side is oblique to the plane of the valva (at roughly a 45° angle) and ends 

distinctly ventrally of the dorsal edge of the valva (the dorsal side appears angled near 

its dorsal end) (Figs 81, 82, 83, 84). In posterior view, the distal part of the valva 

apodeme is hidden beneath the valva apodeme lobe.

Discussion. The degree of sclerotization of the ventral side of the valva apodeme 

lobe ranges from membranous to fully sclerotized, which is a good diagnostic character 

but not suitable for phylogenetic analyses. In some taxa with a fully sclerotized ventral 

wall the valva apodeme lobe appears to be "pushed inwards" into the valva. While this 

is likely to be an apomorphy, the degree to which the valva apodeme lobe is "pushed 

inwards" is very variable between species, and hence I do not use this tendency as a 

phylogenetic character.

I hypothesize the dorsally sclerotized and dorso-mesad moved valva apodeme lobe to 

be a modification of the simple, membranous fold described as character #H.17 state 

(1). Therefore I interpret character state (1) as apomorphic.

A subsequent modification of this shape of the valva apodeme lobe is described as 

character #H.23.

Summary. The mesad protruding valva apodeme lobe is characterized by the two 

different angles of its dorsal and ventral walls, the "off-set" of the protrusion from the 

dorsal edge and the location of the distal part of the valva apodeme "beneath" the valva 

apodeme lobe. Differences in size, extent of sclerotization and minor variations in the
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angle of dorsal and ventral walls of the valva apodeme lobe can obscure these 

characteristics in some species. Therefore I believe my hypothesis of homology to be 

moderately supported.

Fig. 81: Anthela dementi (Anthelidae), <$, 
anterior view -  valva with valva apodeme 
lobe protruding mesad at roughly 45° angle; 
yellow arrows symbolize angles of edges.

Fig. 82: Anthela dementi (Anthelidae), S , mesal view 
-  valva with valva apodeme lobe protruding mesad at 
roughly 45° angle.

Fig. 83: Pseadodreata sp. Fig. 84: Pseudodreata sp. (Anthelidae), S , mesal view -
(Anthelidae), <$, anterior view -  valva valva with valva apodeme lobe protruding mesad at roughly
with valva apodeme lobe protruding 45° angle (yellow arrow marks start of protrusion, distinctly
mesad at roughly 45° angle; yellow ventrally of dorsal valva edge).
arrows symbolize angles of edges; note
the very short ventral sclerotization of
the valva apodeme lobe.
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Character #H.23: Very long valva apodeme extends anteriad, and with it the valva 

apodeme lobe.

> Character state (0) 'NO'; plesiomorph.

> Character state (1) 'YES'; apomorph; moderately supported.

Description. In some anthelid species the long valva apodeme does not extend 

ventrad in the plane of the diaphragma, but rather (ventro-) anteriad. The valva apodeme 

is very long in these species, ending at or anteriorly to the anterior edge of the tegumen 

(Fig. 85). At its distal end the valva apodeme lobe forms a distinct postero-mesal 

protrusion (Fig. 86).

Discussion. The origin of this structure from character #H.22 state (1) is still 

apparent in some species, e.g., Anthela nicothoe and A. ariprepes. In many species the 

valva apodeme lobe is restricted to the apex of the valva apodeme (Fig. 87), but 

intermediate forms with more elongate valva apodeme lobes occur in a few species.

I assume this structure to be a modification of character #H.22 state (1), which is why 

I interpret character state (1) as apomorphic.

Summary. The anterior extent, the length of the valva apodeme and the location of 

the valva apodeme lobe at the distal end of the valva apodeme are the most constant 

characteristics. Differences in the actual shape and size of the valva apodeme and the 

angle between the valva apodeme and the plane of the valva can be confusing. Therefore 

I believe my hypothesis of homology to be moderately supported.
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Fig. 85: Anthela excellens (Anthelidae), <$, lateral view -  tegumen, uncus and dorsal edge of valva; 
note the long anterior protrusion of the very long valva apodeme.

Fig. 86: Anthela excellens (Anthelidae), <$, lateral view [phallus removed] -  juxta and valvae with 
valva apodeme at distal end of the very long, anteriad extending valva apodeme (valvae are widely 
opened, which moves the valva apodemes and valva apodeme lobes posteriad).
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Fig. 87: Nataxa flavescens (Anthelidae), <$, ventro-posterior view [phallus removed] -  valva apodeme 
lobe at distal end of the very long, anteriad extending valva apodeme; note the laterally flexed valva 
apex.
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Character #H.24: Conical valva apodeme lobe shifted distad on valva.

> Character state (0) 'NO'; plesiomorph.

> Character state (1) 'YES'; apomorph; well supported

Description. In the genus Ompha/iodes, which consists of a small complex of cryptic 

species, the valva apodeme lobe has the shape of a conical process and is located on the 

dorsal edge of the valva, distinctly distally from the base of the valva (Fig. 88).

Discussion. This is a unique modification of the valva apodeme lobe, which is why I 

interpret character state (1) as apomorphic.

Summary. The shape of the valva apodeme lobe is simple, but in combination with 

its unique location provides good indications of homology. Therefore I regard my 

hypothesis of homology to be well supported.

Fig. 88: Omphaliodes obscura complex (Anthelidae), <$, dorso-posterior view -  valva with conical, 
distad shifted valva apodeme lobe (black double-arrow indicates distance between the valva apodeme 
lobe and the base of the valva).
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Character #H.25: Clasper reduced to a broad, roughly triangular plate with a 

massive, dorsal spine.

> Character state (0) 'NO'; plesiomorph.

> Character state (1) 'YES'; apomorph; well supported.

Introduction. The clasper is one of the basic elements of the valva (e.g., Kristensen 

2003b: 101), which is variously modified or reduced in most Lepidoptera. In the 

majority of Anthelidae the clasper is entirely absent, but in a group of anthelid species it 

is retained and very well developed. In some Anthelidae the clasper is a broad, almost 

rectangular plate, which forms ventrally the ventral edge of the valva, but inserts 

dorsally on the mesal side of the valva (Figs 73, 74). For some of these Anthelidae a 

transformation series of reductions can be constructed for the clasper, leading from the 

broad, plate-shaped clasper to a simple, pointed one. As with other structures arranged 

in transformation series, I code them as additive binary characters. As the first, distinct 

step of the transformation series I postulate the following structure.

Description. In a small group of species the clasper has a broad, roughly triangular 

shape with a "hump" in its ventral edge. It carries a massive, spine-shaped, 

dorsad-pointing process near the base of its dorsal edge (Figs 77, 89).

Discussion. As mentioned above, a transformation series from a broad, plate-shaped 

clasper to a simple, pointed clasper with distinct intermediate states can be arranged. 

These transformations could be simple reductions of edges, if the transformation series 

started from a broad, plate-shaped clasper. The shape described above appears to be the 

result of a reduction of the dorso-posterior edge of the broad, almost rectangular plate. 

The posterior edge of such a broad, plate-shaped clasper is still apparent in anthelid 

species with otherwise strongly reduced claspers, e.g., in Munychyia spp. While 

undoubtedly the shape of the clasper has been variously modified in most 

macrolepidopteran families, a broad, plate-shaped clasper is a common denominator. 

Such a broad, plate-shaped clasper, which in overall shape, location and attachment is 

very similar to the one of Anthelidae, is present in several families of the bombycoid 

complex. Therefore I interpret character state (1) as apomorphic.

Summary. The roughly triangular shape with an additional ventral comer and a
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massive dorsal spine is very distinct and constant. I regard my hypothesis of homology 

to be well supported.

Fig. 89: Anthela "acuta” (Anthelidae), S- mesal view -  distal part of the valva with a strongly 
sclerotized, roughly triangular, broad clasper, which has a ventral "hump" and carries a dorso-mesally 
protruding, spine-shaped process (green arrow) near the proximal end of its dorsal edge.
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Character #H.26: Broad, triangular clasper reduced and elongated to a slender 

arm with a dorsal protrusion.

> Character state (0) ’NO'; plesiomorph.

> Character state (1) 'YES’; apomorph; poorly supported.

Description. In some species the clasper has the shape of a slender and blunt to 

pointed arm with a slender dorsal spine. The ventral "hump" of the roughly triangular 

clasper is located further proximally of the dorsal spine than in the previous character 

#H.25 state (1).

Discussion. In these species the broad, triangular clasper (character #H.25 state (1)) 

has been reduced in height and elongated to form a slender arm with a dorsal protrusion 

(Fig. 90). This shape has subsequently been variously modified, typically by a gradual 

reduction or loss of the dorsal spine and a reduction and curving of the slender arm. 

These modifications and changes in shape of the dorsal spine (towards a triangular 

shape) are valuable diagnostic characters, but currently useless for phylogenetic analyses 

as this group of species forms a large species complex and differences in shapes 

between species cannot be clearly separated from intra-specific variation.

Being part of a transformation series I interpret character state (1) as apomorphic.

Summary. The structure resulting from a reduction is merely characterized by its 

slender shape and the smaller dorsal process. Various modifications and reductions 

obscure the structure further, which is why I regard my hypothesis of homology to be 

poorly supported.
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Fig. 90: Anthela astata (Anthelidae), <$, mesal view -  distal part of the valva with an elongate, slender 
clasper, which carries a dorso-mesally protruding, spine-shaped process (green arrow) near the base of 
its dorsal edge; note the further proximal location of the ventral "hump" relative to the dorsal spine.
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Character #H.27: Valva apex flexed outwards and strengthened by a transverse 

ridge on the mesal side of the valva.

> Character state (0) ’NO'; plesiomorph.

> Character state (1) 'YES’; apomorph; poorly supported.

Introduction. In some anthelid species the lateral wall of the valva is convex -  the 

valva curves slightly inwards. Such a valva is very stiff and strongly resists any 

sideways bending of its apex. This seems logical for a clasping structure, which exerts 

force in mesal direction. In contrast, the valva apex of many Anthelidae is slightly bent 

to strongly flexed outwards (Fig. 92). The line of bending runs from the dorsal edge of 

the valva transversely towards a more distal point on the ventral valva edge (Fig. 91). 

The point at which this straight line of bending reaches the ventral valva edge is very 

variable. It ranges from the distal third of the valva to the valva apex itself. Hence the 

size of the apical part of the valva, which is bent outwards, differs greatly. Likewise, the 

degree of bending ranges from not bent at all to strongly flexed outwards. Major 

differences exist between obviously closely related species. While this outward flexing 

of the valva apex is clearly a synapomorphy of these species, it is not possible to score 

this character accurately due to the great variation. Hence I did not use the apical 

outward flexing of the valva alone as a character in the phylogenetic analyses. Instead, I 

score the following modification of the valva, which is linked to the flexed valva apex.

Description. In some anthelid species in which the valva apex is distinctly flexed 

outwards, the line of bending is strengthened on the mesal side of the valva. In these 

species the mesal side of the valva forms a mesally protruding, transverse ridge along 

the line of bending, which is strongly sclerotized (Figs 91, 92, 93). Further, this ridge 

forms the distal wall of the central, membranous depression which surrounds the phallus 

if the valvae are closed (Fig. 91). The transverse ridge is typically straight, but in some 

species it (partly) follows the curving of the edge of the central depression. Likewise, 

the length and the extent of the mesal protrusion of this ridge are variable.

Discussion. The length, height, sclerotization and actual shape of the ridge are too 

variable to be good indications of the homology of this often prominent structure in all 

species. In contrast, its constant location and general orientation appear to be good 

indications of homology. However, this ridge appears to be a strengthening of the
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outwards-flexed valva apex, which occurs in many more species than just in those with 

a transverse ridge. Possibly, a flexed valva apex favours the formation of such a 

transverse ridge, which is likely to assist in the grasping of the female abdomen.

In an undescribed antheline species the valva is strongly flexed outwards and the 

edge is strengthened by a transverse ridge. However, this ridge is located further 

ventrally than is typical and forms two large protrusions (Figs 72, 94). The homology of 

this structure with the transverse ridge of other anthelid taxa is uncertain. The distant 

attachment of muscle m7 in this species indicates that this structure is not an unusually 

shaped clasper.

This ridge is unique to some anthelid species, which is why I interpret character state 

(1) as apomorphic.

Summary. While the structure is too prominent to be ignored, the strong variation of 

its characteristics and the potential preposition for such a ridge seem to make 

convergent evolution of this structure likely. Therefore I regard my hypothesis of 

homology to be poorly supported.

Fig. 91: Anthela guenei (Anthelidae), <$, mesal view -  valva with long valva apodeme, valva apodeme 
lobe and transverse ridge (green arrows show orientation of the ridge).
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Fig. 92: Anthela guenei (Anthelidae), <$, posterior view [phallus removed] -  "vertical" uncus lobes, 
juxta with a median gap (red arrow), valvae with mesad protruding valva apodeme lobe, very strongly 
flexed valva apex (yellow arrows) and transverse ridge (green arrows).

Fig. 93: Anthela guenei (Anthelidae), S, ventral view [phallus removed] -  juxta with a median gap 
(red arrow), valvae with mesad protruding valva apodeme lobe, flexed valva apex (yellow arrow marks 
ventral end of line of bending) and transverse ridge (green arrows show orientation of the ridge).
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Fig. 94: Anthelinae n. sp. (Anthelidae), S, ventral view -  valva with apex flexed outwards and with a 
unique, ventro-distal, transverse ridge, which forms a large and a small protrusion.
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Character #H.28: Extremely wide manica sclerotized adjacent to zone.

> Character state (0) 'NO'; plesiomorph.

> Character state (1) ’YES’; apomorph; well supported.

Introduction. The phallus penetrates the diaphragma at the anterior end of a 

membranous invagination termed the "manica", which attaches to an area of the phallus 

termed the "zone" (e.g., Kristensen 2003b: 102).

Description. In some Munychryiinae the manica is extremely wide and the area of 

the manica adjacent to the zone is sclerotized (Fig. 95). In at least the two examined 

species of Mimychryia the attachment of muscles m6 extends from the phallus onto this 

sclerotization of the manica.

Discussion. The partial sclerotization of the manica near the zone is a unique 

modification, which is why I interpret character state (1) as apomorphic.

Summary. The combination of an extremely wide manica sclerotized in a certain 

area only is very characteristic. Therefore I regard my hypothesis of homology to be well 

supported.

Fig. 95: Mimychryiapericlyta (Anthelidae), S, lateral view -  phallus with a very wide manica, which 
is partly sclerotized adjacent to the zone (yellow arrows mark sclerotization).
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Character #H.29: Juxta and phallus fused by sclerotization of entire manica.

> Character state (0) ’NO'; plesiomorph.

> Character state (1) ’YES'; apomorph; well supported.

Description. The typically membranous manica is entirely sclerotized on all sides in 

the genus Chelepteiyx (Fig. 96). It connects the dorso-median area of the juxta firmly 

with the phallus. The juxta, which has no more guiding function, is strongly reduced to a 

ventral patch of sclerotization.

Discussion. This connection between juxta and phallus by the sclerotization of the 

entire manica is a unique modification, which is why I interpret character state (1) as 

apomorphic. Sclerotizations of the manica occur occasionally in other families, too, but 

usually differ in some details from the one present in Chelepteryx. It is noteworthy that 

within Anthelidae a partial sclerotization of the manica at the zone as well as near the 

anellus occurs in some Munychryiinae (Fig. 95) and the species group including Anthela 

ferruginosa (Fig. 110). Flowever, the much larger part between these two sclerotizations 

remains membranous.

Summary. The relatively simple entire sclerotization of the manica and its 

attachment to the dorso-median area of a reduced juxta only are characteristic. Therefore 

I regard my hypothesis of homology to be well supported.
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Fig. 96: Chelepteryx collesi (Anthelidae), S ,  posterior view -  the phallus and the juxta are firmly 
connected to each other by the entirely sclerotized manica (yellow arrows mark the zone on the 
phallus); the mesal protrusion (red arrow) is merged with the anellus, fonning a tiny protrusion with 
some minute setae.
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Character #H.30: Apex of phallus coecum curved dorsad.

> Character state (0) ’NO'; plesiomorph.

> Character state (1) 'YES'; apomorph; moderately supported.

Introduction. As in many other Lepidoptera, the phallus of Anthelidae has a ventro-

anteriad protruding, unpaired, tubular extension -  a coecum. This coecum is typically 

rather short and straight (Fig. 97), and its rounded apex serves as an attachment area for 

muscles m5.

Description. In some anthelid species the ventro-anteriad protruding coecum is rather 

long and its distal part curves to bends dorsad (Fig. 98). The extent to which the coecum 

curves dorsad differs between species. At least in the examined specimen of Anthela 

oressarcha, which has a distinctly curved coecum apex, a few muscle fibres not 

observed in any other species connect the apex of the coecum with the apex of the 

saccus. No such fibres were found in the single examined specimen of Anthela ocellata, 

in which the coecum apex is less distinctly curved.

Discussion. The curving of the coecum apex seems to be a unique modification of 

the straight coecum present in many Lepidoptera, including the majority of Anthelidae, 

which is why I interpret character state (1) as apomorphic.

The unique muscle fibres observed in A. oressarcha represent a very distinct 

modification, but have not been observed in A. ocellata, while the muscles of other 

species with a curved coecum apex were not examined. Therefore these muscle fibres 

are not considered for this character.

Summary. I regard my hypothesis of homology to be moderately supported.
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Fig. 97: Anthela astata (Anthelidae), S ,  lateral view -  phallus with distinct, straight coecum; note the 
serrate, long, curved to bent (yellow arrow) process at the phallus apex; note the roughly continuous 
diameter of the phallus near the zone (red arrows).

Fig. 98: Anthela oressarcha (Anthelidae), <$, lateral view -  phallus with very long, apically dorsad 
curved coecum (yellow arrows show curving of coecum); note the apophysis at the apex of the coecum; 
note the lateral gap in the sclerotization of the phallus apex; note the roughly continuous diameter of 
the phallus near the zone (red arrows).
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Character #H.31: Phallus base bulbous.

> Character state (0) ’NO’; plesiomorph.

> Character state (1) ’YES’; apomorph; moderately supported.

Introduction. The phallus shape and size vary greatly between species, but its base

has typically about the same diameter as the area distally of the zone (Figs 97, 98).

Description. In the species of the genus Munychryia the base of the phallus is 

distinctly wider than the part just distally of the zone (Fig. 95).

Discussion. The difference in diameter between the phallus proximally and distally 

of the zone seems to be unique to the genus Munychryia, which is why I interpret 

character state (1) as apomorphic.

Summary. The difference in diameter is a simple modification at a specific location 

and in a very specific environment (the partly sclerotized manica). Therefore I regard 

my hypothesis of homology to be moderately supported.
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Character #H.32: Vesica ventrally with single cornutus, which originates from a 

sclerotization of the most distal part of the ductus ejaculatorius.

> Character state (0) 'NO'; plesiomorph.

> Character state (1) 'YES'; apomorph; well supported.

Introduction. The vesica of many bombycoid species carries numerous 

sclerotizations termed "comuti". In Anthelidae only some Munychryiinae have a 

cornutus.

Description. In these Munychryiinae the vesica is simple and apically sack-shaped. A 

single cornutus is located on the ventral side proximally of the apical sack (Figs 99, 

100). It originates from a sclerotization of the most distal part of the ductus ejaculatorius 

in a fully everted vesica, proximally of the opening of the phallic tube.

Discussion. Originating as a sclerotization of the distal part of the ductus 

ejaculatorius, this cornutus reminds of the "aedoeagus" present in other insects and 

postulated for Agathiphagidae by Kristensen (2003b). However, as no "aedoeagus" is 

known from Lepidoptera other than Agathiphagidae, this structure in Munychryiinae can 

hardly be interpreted other than a convergent sclerotization.

The comuti of the vesica are typically too variable in number, location and shape to 

be homologized between more distantly related species, and certainly no homologies 

can be established between families. Within Anthelidae, however, the single cornutus is 

a unique sclerotization of the most distal part of the phallic tube and therefore not 

homologous with the simple sclerotizations found in various locations on the outside of 

the vesica in other species of the bombycoid complex. Consequently I interpret 

character state (1) as apomorphic. However, I cannot rule out that this single cornutus 

was present and subsequently lost in all other anthelid species, in which case the 

cornutus would be plesiomorphic for the species of Munychryiinae.

The cornutus can be straight or hook-shaped and differs greatly in size between 

closely related species -  these differences are of taxonomic importance.

Summary. While the single cornutus is not similar between species, its unique origin 

and its location on the ventral side proximally of the apically sack-shaped vesica are 

valuable indications of homology, which is why I regard my hypothesis of homology to 

be well supported.
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Fig. 99: Munychryiinae n. sp. (Anthelidae), S,  lateral view [vesica shape traced by dotted line] -  
phallus with simple vesica (apical sack-shaped extension in different plane and not visible) and a 
single, long and straight comutus.

Fig. 100: Munychryia periclyta (Anthelidae), S, lateral view, stained [vesica shape traced by dotted 
line] -  phallus with simple, apically sack-shaped vesica and a single, hook-shaped comutus.
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Character #H.33: Vesica largely sclerotized.

> Character state (0) ’NO’; plesiomorph.

> Character state (1) 'YES'; apomorph; poorly supported.

Description. The vesica of the Munychryiinae and the genus Chelepteiyx are simple, 

membranous sacks, which can be everted. In all other Anthelidae the sclerotization of 

the phallus extends onto large parts of the vesica, which at large prevents a retraction of 

the latter -  in these species the vesica appears to be absent. The sclerotization, which 

extends onto the vesica, starts as two clock-wise twisted bands (posterior view), of 

which the right-dorsal one is more prominent.

Discussion. The secondary nature of the two sclerotized bands is indicated by the 

partly patchy appearance of the sclerotization (Fig. 102). Numerous modifications of 

these bands exist, extensions (Fig. 103) as well as reductions. Two small, thin setae are 

present on the sclerotized part in some species (Fig. 104). They are easily overlooked or 

damaged, and they can be absent as part of intraspecific variation. Therefore I did not 

use these two setae as part of this or as a separate character. However, I interpret their 

presence on the sclerotized part as a further indication of the secondary sclerotization of 

the vesica, as setae are typically not found on the sclerotized part of the phallus, but 

occasionally on the vesica, e.g., in Kunugiafae (Lasiocampidae).

The distal end of the sclerotized part of the phallus is variously modified in 

Lepidoptera. Typically, the phallus apex distally of the sclerotization is an eversible 

sack, the vesica. Such an eversible vesica is present in some Anthelidae, while the 

sclerotization of the vesica from two sides appears to be unique to some anthelid 

species. Therefore I interpret character state (1) as apomorphic.

Summary. The sclerotization of the vesica from two sides has been variously 

modified and frequently reduced, which greatly obscures any characteristics. However, a 

hardly retractable/eversible vesica remains in all species independent of subsequent 

modifications, as does at least a minor gap in the sclerotization. Based on such limited 

indications I regard my hypothesis of homology to be poorly supported.
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Character #H.34: Right sclerotized band on vesica forms long, curved to bent 

process.

> Character state (0) 'NO'; plesiomorph.

> Character state (1) 'YES’; apomorph; well supported.

Description. The right-dorsal sclerotization on the vesica forms a long process, 

which can be slightly curved to apically bent ventrad. The left process does not form an 

elongate spine in these species, it is stout and can be membranous to distinctly 

sclerotized (Fig. 101). The phallic tube ends ventrally of the bases of these two 

processes.

Discussion. The right process can be either tubular and spine-shaped (Fig. 101) or it 

can be flat and serrate (Fig. 105). In species of the Anthela repleta complex, either a 

simple tubular process (Fig. 101), a serrate tubular process (Fig. 102) or a flat, serrate 

process (Fig. 103) occur, which is why I do not distinguish between these shapes. In the 

case of the flat, serrate process, the vesica extends on the ventral side up to near the 

apex of the process (Fig. 104). This part of the vesica is sclerotized and forms part of the 

tubular, spine-shaped process in other species.

This process does not orriginate from the distal end of the ductus ejaculatorius, but 

from a lateral sclerotization of the vesica. Therefore, I interpret this spine as being non- 

homologous with the single comutus present in some Munychryiinae (character #H.32).

The process is unique to a group of anthelid species, which is why I interpret 

character state (1) as apomorphic.

A similar, spine-like process occurs in the genus Nataxa, which I assume to be a 

convergence due to difference in details (see character #H.35).

Summary. The long, serrate process and its location are characteristic, and the 

existing variations are all linked together by intermediate forms. Therefore I regard my 

hypothesis of homology to be well supported.
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Fig. 101: Anthela repleta complex (Anthelidae), $ ,  left lateral view -  phallus; right process tubular 
and spine-shaped (green arrow); left sclerotized band much shorter.

Fig. 102: Anthela repleta complex (Anthelidae), S ,  right lateral view -  phallus apex; right sclerotized 
band on vesica partly sclerotized (yellow arrow) and with tubular, spine-shaped process with single 
"tooth" (green arrow); left sclerotized band distinct.

Fig. 103: Anthela repleta complex (Anthelidae), <S, right lateral view -  phallus apex; right sclerotized 
band on vesica partly sclerotized (yellow arrow) and with partly tubular, serrate process (green arrow); 
left sclerotized band distinct.
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Fig. 104: Anthela astata complex (Anthelidae), S , right lateral view [stained] -  phallus apex; right 
sclerotized band on vesica partly sclerotized and going over into a flat, serrate sclerotization [broken] 
on top of membranous protrusion of vesica (red arrows); left sclerotized band reduced to membranous 
lobe; note the two minute setae, which are located in other species on the sclerotized part of the vesica 
(yellow arrows).

Fig. 105: Anthela limonea (Anthelidae), left lateral view -  phallus; right sclerotized band fonns a 
flat, serrate and strongly curved to bent (yellow arrow) process; left sclerotized band lost.
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Character #H.35: Both sclerotized bands on the vesica form a tubular spine.

> Character state (0) 'NO'; plesiomorph.

> Character state (1) 'YES'; apomorph; well supported.

Description. In the genus Nataxa both sclerotized bands on the vesica form long, 

slender, tubular spines of almost equal size (Fig. 106). These two spines follow the 

strong clock-wise twist of the sclerotized bands (posterior view). The phallic tube ends 

between the bases of these two spines.

Discussion. While being similar to the curved, single right process found in some 

anthelid species (see character #H.34), I believe the two twisted spines to be unique 

developments of the genus Nataxa. Consequently I interpret character state (1) as 

apomorphic.

Summary. The twisted pair of long spines is characteristic and therefore I regard my 

hypothesis of homology to be well supported.

Fig. 106: Nataxa flavescens (Anthelidae), <$, left lateral view -  phallus with the apical, sclerotized 
bands on the vesica forming two clock-wise twisted spines.
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Character #H.36: Proximal sclerotization of vesica forms a funnel-shaped phallus 

apex.

> Character state (0) ’NO’; plesiomorph.

> Character state (1) 'YES’; apomorph; poorly supported.

Description. In the New Guinean genera Pseudodreata and Corticomis the apex of 

the phallus does not carry any processes, but is apically distinctly enlarged to form a 

very wide, funnel-shaped apex (Fig. 107). This shape is caused by an entire, but 

ventrally weaker, sclerotization of the proximal part of a short, sack-shaped vesica.

Discussion. A superficially similar phallus shape is present in some Australian 

species, in which the sclerotization extends even further distally on the vesica, giving 

the phallus apex more of a knob-shaped appearance (Fig. 108). This sclerotization has a 

distinct dorsal gap and the apical widening of the phallus is less abrupt than in the 

genera Pseudodreata and Corticomis. Therefore, 1 interpret the knob-shaped phallus 

apex as a convergent development.

The funnel-shaped apex is unique to anthelid genera Pseudodreata and Corticomis, 

differing from the equal width in other species with or without processes. Therefore I 

interpret character state (1) as apomorphic.

Summary. The funnel-shaped apex has a distinct shape, but this shape is caused by a 

simple sclerotization of the vesica, which is a rather simple and a poor indication for 

homology. Hence, I regard my hypothesis of homology to be poorly supported.
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Fig. 107: Pseudodreata sp. (Anthelidae), <$■> left lateral view -  phallus with funnel-shaped apex caused 
by the secondary sclerotization (large yellow arrow) of the vesica (black double-arrows indicate 
difference in diameter); note the straight coecum (small yellow arrow).

Fig. 108: Anthela hyperythra (Anthelidae), left lateral view -  phallus with a knob-shaped apex, 
which is likely to be a convergent development of a widened phallus apex (black double-arrows 
indicate difference in diameter).
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Character #H.37: Abdominal segment At with a lateral, spine-shaped projection.

> Character state (0) ’NO’; plesiomorph.

> Character state (1) 'YES’; apomorph; poorly supported.

Introduction. This character is not a character of male genital sclerites, but of the 

first abdominal segment in males. As I do not have other abdominal characters, I include 

this character in this section.

Description. Lemaire and Minet ([1998]: 324) proposed this character as an 

autapomorphy of the family Anthelidae: "A1 of male with postspiracular conical 

projections of tergal origin.". This refers to an outgrowth formed by a sclerotization of 

the abdominal integument, which extends from the marginotergite ventrad and is located 

between the A1 spiracle and the postspiracular tergostemal bar (Fig. 109). The convex 

outgrowth narrows gradually to a cone, which apically narrows abruptly to form a 

pointed, spine-like process. While the largest part of this outgrowth is just a convex part 

of the abdominal integument, its apical part is a discrete process, which occasionally 

curves away from the abdomen. The outgrowth is scaled, except for the apical process.

Discussion. Within Anthelidae this process varies very greatly in length, overall size 

and degree of sclerotization between specimens. Occasionally, such variation is even 

present within a single specimen. The spine is frequently reduced or lost, and this 

reduction can even occur within a species with otherwise well developed spine. No such 

outgrowth seems to be present in female specimens, and no obvious function is 

apparent.

The process was said to be unique to Anthelidae (Fig. 110) by Lemaire and Minet 

([1998]), but I found a very well developed process in a single Eupterote species 

(Eupterotidae), too (Fig. 109). I did not observe this structure in other Lepidoptera, but 

given its frequent reduction in Anthelidae many more taxa have to be examined than I 

did. In many families of the bombycoid complex and in Noctuidae, Drepanidae and 

Epicopeidae a ventro-lateral brush of androconial scales occurs, which is not 

homologous with the "outgrowth" of Anthelidae and Eupterotidae. This androconial 

brush and its rather elaborate system of secretory invaginations is located in the ventral 

part of the pleura and connected to the stemite by a sclerotized lever, while the 

"outgrowth" is of "tergal origin" as pointed out by Lemaire and Minet ([1998]).
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Therefore I interpret character state (1) as apomorphic.

Summary. The lateral protrusion of A1 is too simple and variable in size and 

sclerotization to offer many indications of its homology between different taxa. Mainly 

the abrupt narrowing to a spine-shaped protrusion and the specific location are such 

indications. Further, the frequent reduction to loss obscures the presence of this 

structure. Hence, I regard my hypothesis of homology to be poorly supported.
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Fig. 109: Eupterote sp. (Eupterotidae), <$, abdominal segment A l, left lateral view -  the integument 
forms a sclerotized outgrowth (OG) with an apical spine (yellow arrow) [T1 = tergite 1; T2 = tergite II; 
MT = marginotergite; PT = postspiracular tergosternal bar; SP = spiracle].

Fig. 110: Pterolocera leucocera (Anthelidae), S ,  abdominal segment A l, left lateral view -  the 
integument forms a sclerotized outgrowth (OG) with an apical spine (yellow arrow) [T1 = tergite I; T2 
= tergite II; MT = marginotergite; PT = postspiracular tergosternal bar].
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III.2) The muscles of male genital structures

Our knowledge of the male genital muscles in the bombycoid complex is limited to a 

relatively small number of publications, namely Birket-Smith 1974, Eaton 1988, Forbes 

1939, Kuznetzov & Stekolnikov 1985, 2001, Libby 1961, Snodgrass 1935 and 

Stekolnikov & Zolotukhin 1994, 2002. Nevertheless, different authors created their own 

numbering systems and names for genital muscles, as well as made different 

assumptions about their origin. I am not in a position to judge the origin of these 

muscles, nor their homology across the entire order Lepidoptera. Hence I will not use 

terms relating to their origin, such as musculus gonopodalis externus dorsomedialis 

(Kuznetzov & Stekolnikov 2001). Instead, I use for practical reasons the simple 

numbering system outlined in a hypothetical scheme for Lepidoptera by Kuznetzov and 

Stekolnikov (2001: 24-25). By following their numbering system I imply homology 

with muscles of Macrolepidoptera labelled correspondingly by them, but not necessarily 

with muscles of other Lepidoptera.

The most comprehensive study of the male genital muscles of the bombycoid 

complex was published by Kuznetzov and Stekolnikov (1985, 2001). Their publications 

are based on the study of Palearctic taxa only, hence our knowledge of genital muscles 

within the cosmopolitan and predominantly tropical bombycoid complex is rudimentary.

I examined the genital muscles of male representatives of all bombycoid families, 

with the exception of Mirinidae, which, amongst others, have been studied by 

Kuznetzov and Stekolnikov (2001). Detailed examinations were made of the muscles 

attached to structures within the genital capsule formed by tegumen and vinculum, but 

not of muscles connecting the entire genital capsule to other abdominal segments. Minor 

muscles within the anal tube (muscle m20) and within the phallus (muscle m21) were 

not examined. Descriptions of my observations and of six illustrations from Kuznetzov 

& Stekolnikov 1985, 2001 and Stekolnikov & Zolotukhin 2002 are summarized for a 

total of 59 representatives of all bombycoid families and some Noctuoidea by means of 

a table in Appendix M. The illustrations of muscles are labelled with abbreviations, 

which are explained in Appendix R. While all genital muscles are paired, one muscle 

out of a pair might have been removed in some illustrations to reveal underlying 

structures. Any descriptions referring to muscles in the singular are applicable to both 

muscles of a pair.
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III.2.1) The principal male genital muscles of the 

bombycoid complex
Based on my muscle preparations and the literature (Birket-Smith 1974; Kuznetzov 

& Stekolnikov 1985, 2001; Stekolnikov & Zolotukhin 2002), the principal male genital 

muscle pairs of the bombycoid complex are (Fig. Ill):

Fig. Il l :  Bombycoid complex, S, anterior view -  general scheme of the principal genital muscles 
(muscles m20, m21, gnathos and subscaphium omitted; outer edge = anterior edge of structure; note 
that this two-dimensional illustration of three-dimensional structures does not necessarily represent 
relative muscle lengths correctly).
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ml:

A massive muscle which connects the tegumen with the uncus and functions as an 

adductor of the uncus. Its attachment to the tegumen is very broad, occupying the dorso

lateral and dorsal parts of the tegumen over almost its entire width, except for the 

anterior edge of the tegumen. The other attachment point is focused onto the anterior 

edge of the ventral uncus side. No modifications of this muscle were observed, 

irrespective of modifications of the uncus shape (simple or bilobed). The muscle is 

entirely absent in taxa in which the uncus is strongly reduced to absent.

This muscle is typically referred to as the "uncus depressor" (e.g., Kuznetzov & 

Stekolnikov 2001; Kristensen 2003b), even though muscles can only contract, but never 

"press" or "push". Strictly speaking, the term "uncus adductor" is more appropriate. The 

function of this muscle as a "depressor" is not immediately obvious. The muscle 

attaches to the tegumen dorsally of its opposite attachment point on the ventral wall of 

the uncus, but nevertheless moves the apex of the uncus ventro-anteriad. This is the case 

as the tube-like uncus is dorsally "hinged" to the tegumen and muscle m l attaches to the 

ventro-anterior edge of the uncus. By pulling this ventro-anterior edge dorso-anteriad, 

m l tilts the uncus apex ventro-anteriad -  the uncus is indirectly pulled towards the 

diaphragma. Hence, it is the uncus that depresses part of the female genital structures 

during copula, but the muscle is not "depressing" the uncus. 

m2:

A rather thin, evenly wide and long muscle which connects the tegumen with the valva 

and is generally believed to function as an abductor of the valva (e.g., Kristensen 2003b; 

Kuznetzov & Stekolnikov 2001). Its function, however, might be a different one in 

some Macrolepidoptera (see above, section III. 1.1: 65). Its attachment point on the 

tegumen is in a dorso-lateral position on the anterior tegumen edge, laterally of and 

adjacent to mlO. The opposite attachment point is the distal end of the dorso-basal 

apodeme of the valva, at about the same level as and mesally of m4 (Figs 112, 114). In 

the examined Sphingidae, but in no other examined family of the bombycoid complex, 

the dorso-basal valva apodeme forms a ventral lever, which protrudes cephalo-ventrad. 

In these taxa muscle m2 attaches to the apex of the cephalo-ventral lever of the dorso- 

basal valva apodeme, and is located anteriorly and latero-ventrally of m4 (Figs 113, 

116). A very similar attachment of m2 to the apex of a ventral lever is present in the 

examined Oenosandridae and Noctuidae (both Noctuoidea) (Fig. 115, 144). In the few
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representatives I examined, the structure of the valva apodeme and the attachment of 

muscle m4 differ between Sphingidae and Noctuoidea, which is why 1 assume the lever 

with apical attachment of muscle m2 to be non-homologous between these two groups. 

A lever, which is most similar to the lever present in Noctuoidea, occurs in the 

geometrid genus Paralaea (muscles not examined). However, more material has to be 

examined to gain more certainty about the homoplasy or homology of these structures. 

If my assumption of non-homology of the lever system between Sphingidae and 

Noctuoidea (and possibly Geometridae) is wrong, it might be a symplesiomorphy within 

the bombycoid complex, rather than a synapomorphy of (some) Sphingidae. In most 

taxa of the bombycoid complex muscle m2 has been lost.
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Fig. 112: Bombycoid complex, <S, anterior view- 
scheme of m2 attachment to the mesal end of the 
dorso-basal valva apodeme (green arrow).

Fig. 114: Endromis versicolora (Endromidae), S, 
anterior view -  m2 attachment to the mesal end of 
the dorso-basal valva apodeme, mesally of m4 
(green arrow); note the unique median attachment 
of m2 to the tegumen; note m4 and m5 proximity 
(yellow arrow).

Fig. 113: Sphingidae, anterior view -  scheme 
of m2 attachment to the apex of the cephalo- 
ventral lever (green arrow) of the dorso-basal 
valva apodeme.

Fig. 115: Agrotis infusa (Noctuidae), S , anterior 
view -  m2 attachment to the apex of the cephalo- 
ventral lever of the dorso-basal valva apodeme 
(green arrow), ventrally of m4; note m4 and m5 
proximity (yellow arrow).
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Fig. 116: Agrius convolvuli (Sphingidae), <$, anterior view - m2 attachment (green arrows) to the apex 
of the cephalo-ventral lever of the dorso-basal valva apodeme, ventrally of m4\ m2 and m5 are removed 
in left half, revealing lever (left green arrow); note m4 and m5 proximity (right yellow arrow).

m3:

A strong and rather short muscle which connects the juxta with the vinculum or with the 

valva and which seems to function as an indirect adductor of the valva. Its attachment to 

the juxta is on the dorsal or dorso-lateral juxta edge, irrespective of modifications of the 

juxta shape. Consequently, the position of the muscle attachment relative to other 

genital structures changes with modifications of the juxta. The other attachment point 

varies between the dorsal edge of the saccus base, which is the ventral part of the 

vinculum (Fig. 117), and the basal area of the ventral valva wall (Fig. 118). Intermediate 

attachments to both of these closely approximated, sclerotized structures occur. The 

muscle is entirely absent in taxa in which the juxta is extremely reduced to almost 

absent, e.g., in most Lasiocampidae.
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VI

Fig. 117: Bombycoid complex, <$, anterior view -  Fig. 118: Bombycoid complex, S , anterior view -  
scheme of m3 attachment to the dorsal edge of the scheme of m3 attachment to the basal area of the 
saccus base (green arrow). ventral valva wall (green arrow).

m4 (Fig. Ill):

A strong, rather broad and very short muscle which connects the vinculum with the 

valva and functions as an adductor of the valva. Its attachment to the anterior vinculum 

edge stretches from the dorsal vinculum end ventrad. Relative to the valva, this 

attachment to the vinculum is typically located at about the same level as -  or slightly 

dorsally of -  the dorsal valva edge. Further, this attachment of muscle m4 to the 

vinculum is dorsally adjacent to muscle m5. The opposite attachment of muscle m4 is 

along the lateral side of the dorso-basal apodeme of the valva, of variable length, and 

typically starting from near the apodeme base. The attachment of muscle m4 to the 

vinculum is always spread out, while its attachment to the valva apodeme is focused 

onto a relatively smaller area in many taxa, resulting in a fan-shaped appearance of the 

muscle. The muscle is rarely lost, e.g., in some Lasiocampidae. 

m5:

A strong, long muscle which connects the phallus with the vinculum and functions as a 

protractor of the phallus. Its attachment to the phallus is located at the lateral side of the 

anterior phallus end, which is typically the anterior end of a coecum. The opposite 

attachment point is the anterior edge and/or the mesal side of the dorso-lateral part of
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the vinculum, just ventrally of m4 (Fig. 119). A gradual shift from the mesal side of the 

vinculum onto the basal part of the inner lateral side of the valva can be concluded from 

transformation series, in which case the muscle functions not only as a phallus 

protractor but simultaneously as an adductor of the valva, too (Fig. 120). Any dorsal or 

ventral shift of the attachment to the vinculum, as well as the shape of the phallus and 

its coecum, influence the angle at which the phallus is pushed outwards. This muscle is 

present in all taxa.

Fig. 119: Bombycoid complex, <$, anterior view -  Fig. 120: Bombycoid complex, <$, anterior view -  
scheme of m5 attachment to the dorso-lateral part scheme of m5 attachment to the dorso-lateral part
of the vinculum (green arrows). of the valva (green arrows).

m6 (Fig. Ill):

A well developed muscle of variable length which connects the phallus with the 

vinculum and functions as a retractor of the phallus. Its attachment point on the phallus 

is located as far posteriorly as possible, at the zone, and can be on any side of the 

phallus -  dorsal, lateral or ventral. Its other attachment is to the apex of the saccus, 

and/or to the lateral side of the saccus in some taxa. This muscle is present in all taxa. 

m7 (Fig. Ill):

A broad, flat muscle within the valva which tilts the clasper (if present) inwards and 

bends the distal part of the valva inwards, too. One attachment of the muscle is along 

the inner side of the basal valva edge. It is typically located in the ventral half of the 

lateral valva wall and frequently extends to the basal edge of the ventral or even ventro- 

mesal part of the wall. The opposite attachment is to the inner side of the mesal wall of
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the valva, rather broadly spread out at or just proximally of the heavily sclerotized 

process termed "clasper". This position is retained in taxa which have lost the clasper. 

Even in taxa with very short valvae this muscle is present, but it is lost in some 

lasiocampid taxa with extremely modified valvae. 

m/0 (Fig. Ill):

A feeble to moderately developed muscle of variable length which connects the tegumen 

with the anal cone and functions as an anal cone / subscaphium adductor in taxa of the 

bombycoid complex, rather than as an anal cone retractor as in other Lepidoptera. Its 

attachment to the tegumen is located near the tegumen middle, mesally of muscle m2 if 

present, and adjacent to, but not on, the anterior tegumen edge. The opposite attachment 

is to the ventro-lateral part of the anal cone wall, at a variable distance from the anal 

cone apex. Depending on the degree of sclerotization of the ventral anal cone wall this 

might be to the lateral edge of a subscaphium. This muscle is easily destroyed during the 

preparation of samples, in particular by the removal of the anal tube in dried specimens, 

and hence its apparent absence in some taxa is likely to be an artefact in a number of my 

preparations. 

m29 (Fig. Ill):

A very feeble muscle which connects the lateral part of the ring formed by the fused 

tegumen and vinculum (the “annulus” of Kuznetzov and Stekolnikov (1985, 2001)) with 

the diaphragma. Its attachment to the annulus is at the fusion zone of tegumen and 

vinculum, between m2 and m4. Its other attachment is to the diaphragma near the 

ventral end of the anal cone, in some taxa to the ventro-lateral end of the subscaphium. 

This muscle has been lost in most taxa, but occasional destruction of this thin muscle 

during preparation of the samples seems likely. The exact attachment to either tegumen 

or vinculum in the annulus is difficult to identify, and my hypotheses of homology of 

this muscle between the taxa examined as well as of homology with m29 sensu 

Kuznetzov and Stekolnikov (2001: 24-25) are only poorly supported. This is particularly 

the case in taxa in which this muscle attaches ventrally of muscle m4 (potentially being 

part of m4), e.g., Hoplojana sp. near rhodoptera (Eupterotidae) (Fig. 121). Hence I do 

not use this muscle as a character for my phylogenetic hypotheses. However, I include it 

as “m29” in my descriptions of male genital muscles, as it potentially represents unique 

modifications and requires further study.
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Fig. 121: Hoplojana sp. near rhodoptera (Eupterotidae), anterior view -  muscle m29 attaches to the 
diaphragma near the ventral end of the anal cone (green arrow) and ventrally of muscle m4 to the 
annulus (rather than dorsally of m4, which is why this muscle might not be homologous with m29 in 
other taxa).
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III.2.2) Principles derived for the bombycoid complex
My study and the published illustrations of male genital muscles within the 

bombycoid complex allow some general conclusions to be drawn:

A) Genital muscles are highly conservative and show much less evolutionary 

modifications than the sclerotized, external genital structures to which they are 

attached. This is true for their points of attachment as well as for their size. 

Consequently, they can be valuable indicators of homologies between highly 

modified, sclerotized, external genital structures.

B ) No intraspecific variation in muscle attachment or muscle size seems to occur.

C) Seemingly "new" muscles are merely the result of a division of the muscle fibres of 

one muscle at one attachment point of the muscle -  the muscle splits up into two 

branches at one end (e.g., m3 and m6 in Hop/iocnema brachycera (Sphingidae); m5 

in Aurivillius fuscus (Satumiidae)).

D) Within the bombycoid complex, if not within Macrolepidoptera, major modifications 

are typically limited to:

• A shift of the attachment point of muscle m3 from the ventral part of the vinculum 

(Fig. 117) to the ventral edge of the valva (Fig. 118) (with intermediate forms), 

while the dorso-lateral edge of the juxta remains the opposite point of attachment.

• A shift of the point of attachment of muscle m5 from the dorsal end of the 

vinculum (Fig. 119) to the latero-basal edge of the valva (Fig. 120) (with 

intermediate forms), while the lateral side of the anterior phallus end remains the 

opposite point of attachment.

• Loss of muscles m2 and m29.

• Splits of muscles at one point of attachment.

These modifications occur rather frequently and can even be found within a genus 

(e.g., a shift of m3 in Lemonia), which is why they are of very limited phylogenetic 

value. Between macrolepidopteran superfamilies and between at least some 

bombycoid families, these modifications are certainly homoplastic.

E) In most taxa the sclerites of the tegumen and vinculum are fused entirely to form a 

sclerotized ring, the "annulus" of Kuznetzov and Stekolnikov (1985). This fusion 

does not occur between the opposite tips of the lateral ends of the tegumen and 

vinculum, but along a lateral overlap of the sclerite ends, at which the tegumen is 

located posteriorly to the vinculum (Fig. 122). In a number of taxa of various families
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the extent of the fused sclerites within the annulus can be deduced from minor marks 

and slight differences in the degree of sclerotization between tegumen and vinculum 

(Fig. 123). In all of these taxa, this mark corresponds with the position and extent of 

muscle m4, which always attaches to the dorsal end of the vinculum. Even in taxa 

with a broad annulus, muscle m4 extends only on a narrow strip along the anterior 

edge of the annulus -  along the vinculum, anteriad to the tegumen.

Muscle m4 is a very short, broad and often seemingly fan-shaped muscle that 

connects the dorsal end of the vinculum with the dorso-basal apodeme of the valva. 

Depending on the dorsal extent of the valva, m4 appears to be shifted 

correspondingly on the annulus. Hence in some cases m4 appears to be shifted dorsad 

from the vinculum onto the tegumen, e.g., in Opodiphthera eucalypti (Satumiidae), 

in which the valva extends as far dorsad as to the uncus. However, careful 

examination of the sclerites indicates that m4 is not shifted onto the tegumen, but that 

instead the vinculum extends further dorsad as a very narrow strip, and muscle m4 

with it. The most extreme dorsal extent of the vinculum is present in some 

Lasiocampidae, as discussed below (see section III.2.3.A).

These observations argue for an attachment of genital muscles to sclerites 

ontogenetically prior to secondary fusions of sclerites. Hence a transfer of a muscle 

attachment from one sclerite to another seems likely to occur by a gradual shift 

between sclerites that are closely approximated at the time of muscle development, 

rather than as a "jump" between widely separated or only secondarily fused sclerites. 

Such a transformation series can be observed in muscles m3 and m5, which are 

relatively more variable in their attachment points than other muscles. They 

frequently show intermediate positions, attaching continuously across two very 

closely approximated sclerites as well as to the membrane between them (e.g., m3 in 

Actias artemis (Satumiidae) and in Lemonia balcanica (Lemoniidae); m5 in Anthe/a 

excellens (Anthelidae; Fig. 146) and in Hopliocnema brachycera (Sphingidae)).
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Fig. 122: Agrotis infusa (Noctuidae), S ,  lateral 
view (posterior to the right) -  overlap of tegumen 
(green arrow marks end) and vinculum (yellow 
arrow marks end); note the difference in surface 
structure (tegumen "coarse" and with hairs).

Fig. 123: Endromis versicolora (Endromidae), <$, 
lateral view (posterior to the right) -  overlap of 
fused tegumen and vinculum; note the dark line 
(yellow arrows) indicating the extent of the 
vinculum in the pharate specimen.
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III.2.3) Errors in literature

Some publications contain mistakes that have been used in, or are significant for, 

phylogenetic hypotheses and need to be corrected.

III.2.3.A) The dorso-lateral attachment of muscle m4 in Bombycoidea

A chain of mistakes led to a very significant erroneous conclusion, a presumed 

synapomorphy of Bombycoidea sensu Kuznetzov and Stekolnikov (1985) and later 

sensu Lemaire and Minet ([1998]). Kuznetzov and Stekolnikov (1985: 48) state in their 

English summary: "Bombycoidea (Satumiidae, Brahmaeidae, Endromidae, Bombycidae 

and oth.) is monophyletic. There is a secondary, common with Sphingoidea, type of 

muscules insertion in this superfamily, in which tergal flexors of valvae (m4) insert to 

the dorsoventral area of annulus.". Probably referring to the English summary, Lemaire 

and Minet ([1998]: 324) list this statement as an unexplained synapomorphy of 

Bombycoidea: "male genitalia with a modified position of "muscles 4" (Kuznetzov & 

Stekolnikov 1985)".

An attachment point to the "dorsoventral area of annulus" is illogical and merely a 

mistake in the English summary of Kuznetzov & Stekolnikov (1985: 48). I have 

translated their original Russian text, which states in the conclusion (1985: 44): 

"EIo^TBep)KitaeTc^ MOHOtJmjieraHHOCTb Ha^ceM. Bombycoidea. Y HccjieztOBaHHbix 

npe^CTaBHTejien 3Toro TaxcoHa H3 ceM. Satumiidae, Brahmaeidae, Endromidae h 

Bombycidae pa3BHT oömnn co Sphingoidea B TopH H H bin ran  npHKperuieHHfl (jxneKcopO B 

BajibB ( m 4)  b flopcojiaTepajibHoii oöjiacra aHHyjiyca,..." ["The monophyly of the 

superfamily Bombycoidea is confirmed. In the examined representatives of this taxon of 

the families Satumiidae, Brahmaeidae, Endromidae and Bombycidae, shared with 

Sphingoidea, a secondary attachment of the valva flexor (m4) to the dorso-lateral region 

of the annulus has developed,..."].

The drawings of Kuznetzov and Stekolnikov (1985) illustrate such an attachment of 

m4 to the dorso-lateral area of the annulus, and my own observations confirm this for 

other taxa of the Bombycoidea sensu Lemaire and Minet ([1998]), as well as for 

Anthelidae. Muscle m4 attaches, as in other Macrolepidoptera, to the dorsal end of the 

vinculum, at about the same level as the dorsal edge of the valva. Relative to the entire 

annulus, this is a dorso-lateral position in these taxa (Figs 124-126).
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Fig. 124: Aglia tau (Saturniidae), <3\ anterior 
view -  m4 is in a dorso-lateral position on the 
annulus; note the proximity of m4 and m5 
(yellow arrow).

Fig. 125: Anthela 
euryphrica 
(Anthelidae), S ,  
anterior view -  tn4 is in 
a dorso-lateral position 
on the annulus; note the 
proximity of m4 and m5 
(yellow arrow).

Fig. 126: Poecilocampa 
populi (Lasiocampidae), 
<S, anterior view -  m4 is 
in a dorso-lateral position 
on the annulus; note the 
proximity of m4 and m5 
(yellow arrow).

However, Kuznetzov and Stekolnikov assumed this dorso-lateral position to 

correspond to an attachment of m4 to the tegumen, rather than to the vinculum: "... 

BepxHe6a3ajibHOMy yrjiy BajibB oömhho noaxozwT 2 napbi Mbium (m: w m4), npuneM 

ohh HauHHaiOTCJt Ha TeryMeHe." ["... the upper-basal angle of the valva is usually 

approached by 2 pairs of muscles (m: and m4), which originate on the tegumen."] 

(Kuznetzov & Stekolnikov 1985: 31). Such an attachment to the tegumen contrasts with 

an attachment to the vinculum, a condition Kuznetzov and Stekolnikov assumed to be 

present in Lasiocampoidea: "B HajtceM. Lasiocampoidea coxpaHBeTca nepBHUHoe 

cocTOJtHHe Mbium m4 c npHKpemieHHeM hx k BHHKyjiyMy h p*m apyrax apxaHHHbix 

oeoöeHHOCTen b CTpoeHHH reHHTajiHii y HMaro, a Taioxe b npH3HaKax ryceHHii h 

KyKOJIOK, HTO n03B0JiaeT npH3HaTb 3TOT TaKCOH ÖOJiee reHepaJ!H30BaHHbIM H ApeBHHM, 

neM Sphingoidea h Bombycoidea." ["In the superfamily Lasiocampoidea remains the 

primary state of muscles m4 with their attachment to the vinculum and a number of 

other archaic special features in the structure of genitalia of the imago, and also in the
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characters of caterpillars and pupae, which makes it possible to recognize this taxon as 

more generalized and ancient than Sphingoidea and Bombycoidea."] (Kuznetzov & 

Stekolnikov 1985: 43).

The occurrence of the presumed plesiomorphic attachment of muscle m4 to the 

vinculum in the "archaic sistergroup Lasiocampoidea" (Kuznetzov & Stekolnikov 2001: 

371) is probably the reason why Kuznetzov and Stekolnikov assumed the attachment of 

m4 to the tegumen to be a synapomorphy of Bombycoidea (and Sphingoidea). 

Otherwise, such a dorso-lateral attachment, as present in Bombycoidea and 

Lasiocampoidea, is very widespread in at least Macrolepidoptera.

Unfortunately, the assumed ventro-lateral attachment of muscle m4 to the annulus in 

Lasiocampidae is based on a misinterpretation of muscles. For the genera Gastropacha 

and Odonestis, Kuznetzov and Stekolnikov (1985) incorrectly identified part of the split 

intra-valvar muscle m7 as muscle m4. This misinterpretation in these taxa is due to a 

modified valva and an attachment of a part of m7 to the vinculum, rather than to the 

latero-basal edge of the valva. Consequently, they identified muscle m4 as muscle m2, 

an interpretation seemingly supported by its attachment to the dorsal part of the annulus. 

In Gastropacha spp., a secondary, local reduction of the annulus further feigns an 

"obvious" separation into tegumen and vinculum, which led them to a misidentification 

of the dorsal part of the vinculum as the tegumen.

My own examinations of specimens belonging to the genera Gastropacha, Odonestis, 

Trabala and Crinocraspeda show that in these taxa the tegumen is extremely reduced 

and replaced by a dorsally enlarged vinculum. The vinculum ends are mesally fused 

with each other, as well as with the tegumen remnants. In some taxa a very distinct 

median gap is retained in the dorsal part of the annulus, indicating this condition (Figs 

127, 128). No such median gap is present in a fully developed, "normal" lasiocampid 

tegumen (Fig. 129, 130). As in other Macrolepidoptera, muscle m4 attaches to the dorsal 

end of the vinculum in Gastropacha, Odonestis, Trabala and Crinocraspeda. However, 

in these taxa the extreme dorsal growth of the vinculum results in a dorso-lateral to 

dorsal attachment of m4 on the annulus (Fig. 127). While a strong to total reduction of 

the tegumen is common to many Lasiocampinae, the extreme dorsal expansion and 

mesal fusion of the vinculum coupled with a reduction of the tegumen and a strong 

enlargement of muscle m4 is a very characteristic synapomorphy of those four and many 

other closely related genera, currently placed in separate tribes or subfamilies by some
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authors (e.g., Zolotuhin & Witt 2000).

Fig. 127: Gastropacha n. sp. (Lasiocampidae), <$, anterior v iew - 
m4 is in a dorsal position on the annulus, filling the entire dome
shaped dorsal part of the enlarged vinculum; note the remaining 
gap between the two halves (yellow arrow), filled by the tegumen 
remnant (no median gap occurs within the tegumen).

Fig. 128: Crinocraspeda torrida 
(Lasiocampidae), $ , dorsal view 
(posterior to the right) -  fusion 
between the two dorsally 
expanded vinculum ends, which 
are also fused to the posterior 
remnants of the tegumen.
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Fig. 129: Poecilocatnpapopuli (Lasiocampidae), <$, dorsal view (posterior to the right) -  tegumen, 
uncus and gnathos attachment (yellow arrows mark the position of the gnathos arm attachment); note 
the absence of a gap in the tegumen.

Fig. 130: Poecilocampa populi (Lasiocampidae), S ,  lateral view (posterior to the right) -  tegumen, 
uncus and gnathos attachment (yellow arrows mark the position of the gnathos arm attachment); note 
the large distance between gnathos plate and valva.

In contrast to this greatly modified condition of the vinculum and muscle m4, muscle 

m4 is located in the typical dorso-lateral position on the annulus in Poecilocampa 

populi. P. populi is a species with, for Lasiocampidae, largely plesiomorphic male 

genital structures (Fig. 126). This species was examined by Stekolnikov and Zolotukhin
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(1994), and their drawing was reprinted in Kuznetzov and Stekolnikov (2001), 

illustrating m4 in a distinctly more dorsal position than it is in the three specimens I 

examined.

Kuznetzov and Stekolnikov (2001; except for fig. 128T) subsequently corrected their 

initial misidentification (1985) of muscles m4 and m7. They retained the idea of a 

plesiomorphic type of m4 attachment to the vinculum in some Lasiocampidae, as 

exemplified in P. populi (2001: 370). However, the previously assumed synapomorphic 

attachment of m4 to the tegumen (the dorso-lateral position in the annulus) in 

Bombycoidea was quietly dropped, as reflected in their statement on the 

synapomorphies of Bombycoidea: "HaaceM. Bombycoidea xapaKTepn3yeTC5i

eZtHHCTBeHHLIM OÖBe/tHHHTejTbHblM npH3H3KOM ryCCHHU, y KOTOpbIX XOTJI 6b l 

H ex o T o p b ie  nepBHH Hbie iucthhkh 3aM em eH bi öopo/taßK aM H  hjih KOJiioHKaM H." 

["Superfamily Bombycoidea is characterized by the only unifying character in 

caterpillars, in which at least some primary setae are substituted by scoli or thorns."] 

(2001: 372).

In summary, muscle m4 attaches to the dorsal end of the vinculum, which is in a 

dorso-lateral position relative to the annulus in all families of the bombycoid complex. 

No difference exists between Lasiocampidae, Anthelidae or other members of the 

bombycoid complex, and this type of attachment is widespread in Macrolepidoptera. 

Hence no synapomorphic muscle attachment of muscle m4 exists for Bombycoidea 

sensu Kuznetzov and Stekolnikov (1985) or sensu Lemaire & Minet ([1998]).
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III.2.3.B) The presence of muscle m2 in Saturniidae
Another error in literature concerns the alleged presence of muscle m2 in Saturniidae. 

Birket-Smith studied male genital muscles of African moths in great detail, describing 

and illustrating them for a few bombycoid taxa (Birket-Smith 1974: 13-18). His 

drawings of Pselaphelia gemmifera (Satumiidae) show two muscles, labelled "4" and 

"3", respectively, as attaching to the dorso-basal valva edge, as well as a structure 

labelled "plica centripetalis" (1974: 16, fig. 12). Birket-Smith states in his description of 

P. gemmifera (1974: 17): "A well developed muscle, m. 3, runs from middorsally on 

tegumen to the dorso-proximal, heavily sclerotized comer of the valva; to the same part 

runs a very strong, fanshaped muscle, m. 4, originating from the entire lateral edge of 

vinculum, vi. The strongly sclerotized dorso-proximal comer of the valva apparently 

represents the proc. momenti, even if nothing like a process is visible; on the other hand, 

from this comer originates a small mesad directed hook, pc, probably the modified plica 

centripetalis."

His illustrations and his explicit description in particular match exactly those muscles 

that Kuznetzov and Stekolnikov (2001) refer to as muscles m2 and m4 in other 

Macrolepidoptera, leaving no doubt about their homology. Kuznetzov and Stekolnikov 

recognized the significance of the occurrence of muscle m2 in P. gemmifera, as this 

muscle has not been found in any other satumiid species examined to date. They 

concluded: "3HaHHTejibHOH apxaHHHocTbio BajibBapHoh MycKynaTypbi omunaeTca 

atjipHKaHCKHH poa Pselaphelia Auriv., Tax xax TOJibKO b reHUTajiuax HccjiejjOBaHHoro 

npeacTaBHTejiH (P. gemmifera Btl.) 3Toro pozta HaifaeHbi Mbimiibi m2, xoth Hapazjyc 

3thm pejtyunpoBaH ymcyc h ero aenpeccopbi (w/)." ["The significant archaicness of 

valvar musculature is characterized by the African genus Pselaphelia Auriv., since only 

in the genitalia of the investigated representative of this genus (P. gemmifera Btl.) 

muscles m2 are found, although otherwise the uncus and its depressors ( mf  are 

reduced."] (2001:373).

I examined a specimen of P. gemmifera and of P. flavivitta (Saturniinae: Urotini 

sensu Oberprieler (1997)). None of my specimens had a muscle m2 or traces of it (Fig. 

131). My own observations on both Pselaphelia species differ from Birket-Smith's 

drawings in several aspects. In his drawings the tegumen is broader, the dorsal part of 

the vinculum narrower (in fig. 12B only), and the valva is located further ventrally. In 

exactly the position of his muscle "m. 3" (the presumed muscle m2) the lateral "arms" of
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a well developed gnathos are located in my specimens, while the central "plate" of this 

gnathos is fused to the valvae at the position of his "plica centripetalis" (Fig. 132). He 

does not mention the occurrence of a gnathos, and as in a dried specimen the "gnathos 

arms" are of the same colour as the dried muscles, they might have been misinterpreted 

by him as such. In none of the two Pse/aphelia species is muscle m2 present. Only a 

huge, fan-shaped muscle m4 connects the greatly expanded dorso-lateral part of the 

vinculum with the dorso-basal edge of the valva and the fused gnathos, as this muscle 

does in other satumiid species (e.g., Aglia tan). Hence no muscle m2 has been found in 

any of the relatively few saturniid species examined so far, and the genital muscles of 

Pselaphelia do not represent an archaic type of valva musculature as interpreted by 

Kuznetzov and Stekolnikov (2001: 373). To the contrary, the male genital structures of 

Pselaphelia (and probably other Urotini sensu Oberprieler (1997)) are highly modified. 

Their stemite VIII and modified muscles form an unpaired, ventral "clasper", and the 

modified tergite VIII ("pseuduncus" of Birket-Smith, 1974) probably functions as its 

abutment.

Fig. 131: Pselaphelia flavivitta (Satumiidae), , anterior view -  m4 is well developed (yellow arrow 
marks attachment to the fused valva and gnathos), m2 is absent; note the mesally protruding gnathos 
arm (GA) in dorso-lateral position.
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Fig. 132: Pselaphelia flavivitta (Satumiidae), S ,  lateral view (posterior to the right) -  large gnathos is 
fused to valva (yellow arrow marks area of fusion).
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III.2.3.C) The attachment of muscle m3 in Endromidae
The male genital muscles of Endromidae were illustrated and described by 

Kuznetzov and Stekolnikov (1985, 2001). According to them, muscle m3 attaches to the 

basal edge of the ventral valva wall in Endromis versicolora (Endromidae) as well as in 

Mirina christophi (Mirinidae). However, in the pharate male specimen of Endromis 

versicolora I examined, muscle m3 only appears to attach to the valva, but instead 

attaches to the very closely approximated vinculum and the ventral edge of the 

connecting membrane (Fig. 133).

Fig. 133: Endromis versicolora (Endromidae), 3 ,  anterior view -  m3 attaches to the vinculum (yellow 
arrow), not to the valva; note the gap between the vinculum and the valva (black arrow).
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III.2.4) Character analyses of male genital muscle characters

Of the few differences I observed in male genital muscles, I assume the following to 

be informative characters for my hypotheses on the phylogeny of Anthelidae and the 

bombycoid complex:

Character #H.38: Muscle m5 attaches to the vinculum posteriorly to muscle m4 

(’’overlapping").

> Character state (0) 'NO'; plesiomorph.

> Character state (1) 'YES’; apomorph; moderately supported.

Introduction. In Macrolepidoptera muscles m4 and m5 both attach to the vinculum,

with muscle m5 being ventrally adjacent to m4, generally irrespective of the dorsal 

extent of the vinculum (Figs 114, 115, 126, 134, 135, 144). This attachment of m5 is 

largely to the anterior edge, and in many taxa to a lesser degree to the mesal side of the 

vinculum, too. Muscle m5 attaches directly ventrally of m4 (Fig. 134, 135) and at the 

very most overlapping with m4 by a few muscle fibres only. This condition is present in 

members of the bombycoid complex families Mimallonidae, Lasiocampidae, 

Endromidae and Bombycidae, as well as probably Mirinidae. In contrast, this position of 

m5 has been modified as described below in some bombycoid complex families, namely 

Carthaeidae, Sphingidae, Satumiidae, Anthelidae and Eupterotidae, as well as probably 

Brahmaeidae and Lemoniidae.

Description. In the aforementioned families muscle m5 attaches distinctly posteriorly 

to m4, at the same level as or even dorsally of m4, rather than to the anterior vinculum 

edge and directly ventrally of m4. Depending on the position and extent of w4, this 

arrangement appears as a minor to very large overlap of m4 and m5 in lateral view, with 

m5 passing laterally of m4 (Figs 136, 137). Irrespective of the extent of the overlap, m5 

attaches to the posterior area of the mesal side of the vinculum, rather than to the 

anterior edge of the vinculum.

Discussion. With m4 attaching to the mesal side of the vinculum, an attachment of 

m5 to the mesal side posterior to m4 requires a broadening of the vinculum. In these 

bombycoid families the fused vinculum and tegumen form a particularly broad part of 

the annulus. The origin of such a broad annulus seems to be preserved in some taxa
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with, for their respective family, largely plesiomorphic genital structures. In these taxa 

additional space for the attachment of m5 is provided by a posteriad protruding lobe. 

This lobe is part of the dorsal end of the vinculum, not of the posteriorly located end of 

the tegumen. The basic structure of the dorsal vinculum end of this type is most distinct 

in the eupterotid species Ganisa plana, in which it appears to have two protrusions (Fig. 

138). The dorsal, more anterior protrusion is the typical dorsal end of the vinculum, 

which is located anteriorly to the tegumen in Macrolepidoptera (Fig. 122). It is the 

principal attachment area of muscle m4. The other protrusion is located further 

ventrally, at the same level as or just ventral ly of the dorsal edge of the valva. It extends 

posteriad beyond the remainder of the vinculum and even beyond the membrane which 

connects the vinculum with the valva. Hence, together with the connecting membrane, it 

forms a double-walled lobe which extends for a short distance parallel to and laterally of 

the valva. The mesal side of the posterior protrusion is the principal attachment area of 

muscle m5. The dorsal and posterior protrusions are interconnected by a membranous, 

triangular area, which stretches transversely between their apices and fills the gap 

between them.

While tegumen and vinculum are articulated with each other in G. plana, and hence 

their extent and shape are obvious, both these sclerites are firmly fused with each other 

in most bombycoid taxa. Such a fusion is part of a very common and highly homoplastic 

tendency to strengthen the frame (annulus), to which other genital structures attach. Any 

fusion obscures the extent and shape of tegumen and vinculum, and in most members of 

all bombycoid families an additional heavy sclerotization of the annulus renders a 

reliable distinction between tegumen and vinculum impossible.

Despite such a fusion, the shape of the vinculum is still discernible in some species, 

e.g., Arsenura ciocolatina (Satumiidae). In this species, which overall has 

plesiomorphic genital structures for Satumiidae, the shape of the vinculum is indicated 

by a slightly depressed suture (Fig. 139). As in G. plana the vinculum has a dorsal and a 

posterior protrusion, the latter stretching slightly beyond the remainder of the vinculum, 

parallel to the valva. The fused ventral tegumen end fills the space between the two 

protrusions of the vinculum, seemingly "displacing" the membranous area postero- 

dorsad. I do not have a muscle preparation of A. ciocolatina, but in the related A. 

xanthopus muscle m5 attaches to the posterior edge of the vinculum, distinctly 

overlapping with muscle m4 as in the eupterotid species G. plana. In most other
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satumiid taxa examined, the recognition of this character is obscured by a strong 

sclerotization of the annulus and modifications of the attachment of either m4 or m5, but 

the posterior attachment of m5 to the vinculum has generally been retained.

In Anthelidae the tegumen and vinculum are entirely fused with each other, too, but 

unlike in A. cioco/atina their lateral borders are no longer recognizable. However, the 

characteristic posterior protrusion of the vinculum beyond the membrane that articulates 

vinculum and valva is distinct in some taxa (Fig. 140). As in the eupterotid species G. 

plana, muscle m5 attaches to the mesal side of this lobe, posteriorly to m4. The overlap 

of m4 and m5 is very distinct in these Anthelidae. However, in the majority of anthelid 

taxa, in all of which muscle m5 is displaced far ventrad (see character #H.39), the 

posterior lobe of the vinculum is strongly reduced (Fig. 141). These taxa do not have an 

overlap of muscles m4 and m5, because of the ventral shift of m5. Despite this ventral 

shift, muscle m5 attaches still to the posterior edge of the vinculum or even further 

posteriorly to the basal edge of the valva, but never to the anterior edge of the vinculum. 

Consequently I score this character as present for all anthelid taxa with a ventrally 

shifted muscle m5, too, which is equivalent to combining the states of character #H.38 

and #H.39 into a single, ordered multi-state character.

In the single examined specimen of Anthela euryphrica, which belongs to a group of 

taxa with a very distinct overlap of muscles m4 and w5, a small but distinct gap 

separates the two muscles. This gap is much smaller than that in Anthelidae with a 

ventrally displaced muscle m5. As A. euryphrica is extremely similar in male genital 

structures to A. repleta, in which the overlap of muscles is very strong, I assume the 

minor gap in A. euryprhica to be either an anomaly of the examined specimen or to be a 

subsequent modification.

In some bombycoid taxa the complete fusion of tegumen and vinculum encloses the 

posterior lobe of the vinculum, e.g., in Agrius convolvuli (Sphingidae; Fig. 142). 

Independent of the exact arrangement of the fused tegumen and vinculum, this fusion 

eliminates many indications of the condition distinct in G. plana. Typically, only the 

posterior attachment of muscle m5 and its overlap with m4 remain, as well as a small to 

minute posterior extension of the vinculum sclerotization in some taxa, e.g., in 

Carthaea saturnioides (Carthaeidae; Fig. 143).
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The attachment of m5 to the anterior area of the vinculum, ventrally of m4 [character 

state (0)], is common to many Lepidoptera examined by me or illustrated by Kuznetzov 

and Stekolnikov (2001), including some families of the bombycoid complex. Only in a 

number of other such families is a dorso-posterior shift of muscle m5 present [character 

state (1)]. Hence I interpret character state (1) as apomorphic for these taxa.

As indications of character state (1) are typically obscured by the fusion of tegumen 

and vinculum, as well as by modifications of muscles m4 and m5, many more taxa of all 

families of the bombycoid complex need to be examined than was feasible for this 

study. While I particularly examined representatives of the bombycoid complex that 

have, for their respective family, largely plesiomorphic genital structures, different 

character states might occur in non-examined members of these families. The problem 

of having examined only a comparatively small number of representatives of each 

family is accentuated by the only poorly supported monophyly of some families. In this 

respect the inclusion of Apatelodinae in Bombycidae is particularly critical, as the 

examined Bombycinae (Ocinara n. sp. and Bombyx mori) are inconclusive for this 

character due to a split of m5.

Summary. The modification of this muscle attachment is very characteristic in those 

taxa in which it is not obscured by the fusion of tegumen and vinculum. It consists of a 

dorso-posterior shift of the muscle m5 attachment point, which is apparent as a distinct 

overlap with m4. Further, it involves the formation of a double-walled posterior lobe of 

the vinculum at a specific location to accommodate this attachment of m5. However, in 

the majority of taxa most of these indications are lost due to the secondary fusion of 

vinculum and tegumen. In these taxa, indications are frequently limited to an attachment 

of m5 to the posterior edge of the vinculum and a (partial) overlap with m4. Further, 

subsequent modifications of the structures involved make the recognition of the original 

presence of the character state even more difficult. The ventral shift of muscle m5 in 

most Anthelidae is an example of this problem. Consequently my hypothesis of 

homology of character state (1), the attachment of muscle m5 to the vinculum 

posteriorly to muscle m4, is only moderately supported in the majority of taxa.

-  197 -



III.2.4) Character analyses of male genital muscle characters

Fig. 134: Cicinnus sp. (Bombycidae: Apatelodinae), 
S, anterior view -  m5 attaches directly ventrally of 
m4 to the anterior vinculum edge; note the unique 
shape of m4. which is mesally spread out (rather than 
focused) and largely attaches to the movable gnathos 
plate as well as to the valva (green arrows); note m4 
and iv5 proximity (yellow arrow).

Fig. 135: Poecilocampa populi 
(Lasiocampidae), $ ,  anterior view -  m5 
attaches directly ventrally of m4 to the mesal 
side and anterior edge of the vinculum 
(yellow arrows); note m4 and m5 proximity.
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Fig. 136: Munychryia senicula (Anthelidae), Fig. 137: Anthela euryphrica (Anthelidae), $ ,
anterior view -  m5 attaches to the vinculum anterior view -  m5 attaches to the vinculum
dorsally of and posteriorly to m4 ("overlapping" dorsally of and posteriorly to m4 ("overlapping"
with m4\ yellow arrows mark muscle ends); note with m4; yellow arrows); note m4 and m5 
m4 and ni5 proximity. proximity.

Fig. 138: Ganisa plana (Eupterotidae), S ,  lateral Fig. 139: Arsenura ciocolatina (Satumiidae), <$, 
view (posterior to the right) -  dorsal posteriad lateral view (posterior to the right) -  dorsal
protruding lobe of the vinculum (yellow arrow) posteriad protruding lobe and vinculum extent
with w5; membranous area (black arrow) between (yellow arrows); membranous area (black arrow) 
vinculum and tegumen (blue arrow). between vinculum and tegumen.
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Fig. 140: Anthela euryphrica (Anthelidae), S , 
lateral view (posterior to the right) -  dorsal 
posteriad protruding lobe of the vinculum (yellow' 
arrow) with m5 (not shown); membranous area 
(black arrow) between vinculum and tegumen.

TE

Fig. 142: Agrius convolvuli (Sphingidae), S ,  
lateral view (posterior to the right) -  m5 attaches 
to the posterior enlargement of the vinculum 
(yellow arrows), anterior to the fused tegumen 
(blue arrow).

Fig. 141: Chelepteryx chalepteiyx (Anthelidae), 
S, lateral view (posterior to the right) -  reduced 
dorsal posteriad protruding lobe of the vinculum 
(yellow arrow), without muscle attachment (m5 
shifted ventrad; not shown); membranous area 
(black arrow) between vinculum and tegumen.

Fig. 143: Carthaea satnrnioides (Carthaeidae), 
<$, lateral view (posterior to the right) -  dorsal 
extent of the vinculum and remnants of posterior 
protrusion (yellow arrows); membranous area 
(black arrow) between vinculum and tegumen 
(blue arrow).
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Character #H.39: Muscle m5 attaches to the vinculum far ventrally of muscle m4.

> Character state (0) 'NO'; plesiomorph.

> Character state (1) 'YES'; apomorph; moderately supported.

Introduction. As discussed in character #H.38, muscle m5 attaches to a posterior

lobe of the vinculum in Anthelidae, passing m4 laterally and appearing as an overlap of 

m4 and m5 in lateral view (Figs 125, 136, 137). As in other Macrolepidoptera, in which 

m5 attaches ventrally of m4 (Figs 114, 115, 116, 124, 126, 134, 135, 144), this is an 

attachment of m5 adjacent to m4. This arrangement is very constant, and only rarely is a 

distinct gap present between m5 and m4. This can be the case if the valva is of great 

height and requires an extreme dorsal extension of the vinculum due to the short 

connecting muscle m4 (e.g., Opodiphtherci eucalypti (Satumiidae); Dactydoceras 

wddenmanni (Brahmaeidae)). In these cases muscle tn4 has been moved dorsad with the 

dorsal extension of the vinculum, while m5 seems to have remained in its typical 

position.

Description. In many Anthelidae the attachment of m5 is not adjacent to m4. Instead, 

a very large gap exists between the attachment points of muscles m5 and m4 on the 

vinculum (Fig. 145), even though the valva is of typical height only, about half the 

height of the annulus. In these taxa the attachment point of muscle m5 has moved 

ventrad, while m4 remains attached to the dorsal end of the vinculum.

Discussion. The ventral shift of muscle m5 in many Anthelidae changes the direction 

of the force which m5 exerts on the phallus during contraction. The muscle attachment 

to the vinculum is at about the same level as the phallus, rather than far dorsally of it as 

in other taxa. Hence a contraction of m5 does not pull the phallus base dorsad in these 

taxa. As a result, the phallus apex is extruded in a straight line, rather than in a ventral 

arc.

Unlike the very constant proximity of m5 to ru4, the relative position of m5 to other 

structures, e.g., the valva, is rather variable and influenced by several factors. Such 

factors are the extent of the vinculum, the width of the m5 attachment, and the size and 

position of those other structures m5 is compared to.

With few exceptions, caused by dorsal shifts of m4 (O. eucalypti, D. widenmanni, 

some Lasiocampidae), m5 attaches adjacent to m4 [character state (0)] in all
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Macrolepidoptera examined, as well as in most Macrolepidoptera illustrated by 

Kuznetzov and Stekolnikov (2001). A modification of this attachment, which retains an 

attachment of m5 adjacent to m4, is the principal arrangement in Anthelidae, as outlined 

in character #H.38. In contrast, the ventral shift of m5, which results in a very large gap 

between the attachment points of m4 and m5 [character state (1)], is only present in a 

number of Anthelidae. Hence I interpret character state (1) as apomorphic for these 

anthelid taxa.

Summary. While character state (1) is distinct due to the large size of the gap, it only 

consists of a simple, though seemingly unique, ventral shift of muscle m5 along the 

vinculum. Hence my hypothesis of homology of this modification in all examined taxa 

is based on the enormous size and position of the gap only. Homoplastic occurrences of 

similar ventral shifts could not be easily distinguished as such. Therefore I consider this

hypothesis to be moderately supported.

Fig. 144: Oenosandra boisduvalii Fig. 145: Anthela virescens (Anthelidae), <S,
(Oenosandridae), <$, anterior view -  proximity of anterior view -  note the large gap between the 
the attachment of muscles m4 and m5 to the attachments of muscles m4 and m5 to the
vinculum (yellow arrow); note m2 attachment to vinculum (yellow arrows), caused by a ventral
the apex of the cephalo-ventral lever of the dorso- shift of w5; note the attachment of m4 to the lobe,
basal valva apodeme, ventrally of m4 (green which is dorsally fused to the juxta (green arrow),
arrows).
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Character #H.40: In taxa with a ventrad shifted muscle m5, this muscles attaches 

to the basal edge of the lateral valva wall only.

> Character state (0) ’NO’; plesiomorph.

> Character state (1) ’YES’; apomorph; poorly supported.

Introduction. Irrespective of dorso-ventral differences in attachment, muscle m5 

attaches to the vinculum only, the vinculum and the valva, or the valva only in different 

Macrolepidoptera. While the intermediate stage of attachment to both structures exists, 

the confinement to either structure represents a distinct state. In the intermediate state as 

found in Anthelidae, the majority of muscle fibres attaches to the vinculum. Hence the 

attachment to the valva only is more distinct from the intermediate state than is the 

attachment to the vinculum only. Therefore 1 only use the former as a character.

Description. In some of the anthelid taxa in which muscle m5 has been shifted far 

ventrad [character #H.39 state (1)], an intermediate state with the majority of muscle 

fibres of muscle m5 attached to the vinculum (Fig. 146), as well as a state with 

attachment to the valva only (Fig. 147), occur.

Discussion. While the attachment to the inside of the valva has been assigned to a 

hypothetical ground-plan of Lepidoptera (Kristensen [1998]: 110; Kuznetzov & 

Stekolnikov 2001: 24), all three positions of attachment occur in Macrolepidoptera, 

which makes a determination of their homology and polarity for the bombycoid 

complex impossible without prior knowledge of macrolepidopteran phylogeny. 

Obv.jusly, if the families are monophyletic, at least two, but possibly all, states are 

homoplastic between families. However, this character applies only to a number of 

anthelid taxa in which muscle m5 has been shifted far ventrad (character #H.39). Within 

this group only two character states occur, namely the intermediate attachment of m5 

and the attachment of m5 to the valva only. Hence, the occurrence of either of these two 

character states within the other anthelid taxa indicates the polarity of this character for 

this group of anthelid taxa. The attachment of m5 only to the vinculum and the 

intermediate state [united in character state (0)] are present in these other anthelid taxa, 

but not the attachment to the valva only. Hence I interpret character state (1) as 

apomorph for this group of anthelid taxa.
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Summary. As the distinction between the character states consists of a shift in 

muscle attachment only, which is even less distinct due to the intermediate stage, my 

hypotheses of homology of these character states in all examined taxa is based on weak 

indications only. Hence I consider this hypothesis to be poorly supported.

Fig. 146: Anthela virescens (Anthelidae), <$, 
anterior view -  intermediate attachment of the 
ventrad shifted muscle w5, partly to the basal 
edge of the valva (yellow arrow) and largely to 
the vinculum and the connecting membrane (red 
arrow).

Fig. 147: Anthela oressarcha (Anthelidae), S ,  
anterior view -  attachment of the ventrad shifted 
muscle m5 to the basal edge of the valva only 
(yellow arrow); note the invaginated dorso-lateral 
comer of the juxta, with m3 attaching to the 
ventral side of the invagination only (green 
arrow).
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Character #H.41: Muscle m7 is seemingly displaced distad by muscle m5.

> Character state (0) ’NO’; plesiomorph.

> Character state (1) 'YES’; apomorph; moderately supported.

Description. Muscle m7 attaches to the inside of the valva, along the basal edge of 

the latero-ventral part of the valva. In a few anthelid taxa, in which muscle m5 is shifted 

ventrad [character #H.39, state (1)] and attaches to the basal edge of the valva [character 

#H.40, state (1); (Fig. 148)], this position of m7 has been modified. In these taxa muscle 

m5 occupies the typical position of m7 on the inside of the ventro-lateral valva wall 

base, while m7 attaches distinctly further distally of the basal valva edge (Fig. 149).

Discussion. Muscle m7 attaches to the inside of the lateral valva wall at its basal 

edge in almost all Macrolepidoptera. This attachment has seemingly been displaced by a 

modified attachment of muscle m5 in a few anthelid taxa only. Hence I interpret 

character state (1) as apomorph for these anthelid taxa.

Summary. While character state (1) is distinct due to the combined modification of 

two muscle attachments, it only consists of two shifts of muscles, with one of them 

likely to cause the other. My hypothesis of homology of this modification in all 

examined taxa is based on this seemingly unique indication only. Homoplastic 

occurrences of similar shifts could not easily be distinguished as such. Hence I consider 

this hypothesis to be moderately supported.
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Fig. 148: Anthela repleta (Anthelidae), S , lateral view (posterior to the right) -  muscle m7 attaches 
along the basal edge of the valva (green arrows); m5 attaches dorsally of m7 (outside of picture).

Fig. 149: Anthela oressarcha (Anthelidae), S , lateral view (posterior to the right) -  ventrad shifted 
muscle m5 reaches deeply into the valva (yellow arrows), seemingly displacing muscle w7 distad 
(green arrows); note the unique muscle fibres connecting the coecum apex with the saccus apex (red 
arrow).
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Character #H.42: Dorso-lateral corners of the juxta invaginated, with ventral 

attachment of muscle m3.

> Character state (0) 'NO'; plesiomorph.

> Character state (1) 'YES’; apomorph; very well supported.

Introduction. In Macrolepidoptera the juxta is an unpaired, U-shaped, flat 

sclerotization of the diaphragma, with muscle (m3) attached to the dorso-lateral edge of 

each lateral "arm". Hence the attachment of m3 is located in the plane of the 

diaphragma, facing anteriad. These muscles connect to the ventral edge of the valvae or 

to the dorsal edge of the ventral vinculum wall, in both cases stretching ventrad, roughly 

parallel to the plane of the diaphragma. Consequently, the muscles are bent ventrad at 

their attachment to the juxta (Fig. 150). The shape of the juxta is modified in many 

Macrolepidoptera, and a posterior protrusion of the juxta is very common. In some taxa 

such a posterior protrusion changes the plane of the muscle attachment, reducing or 

eliminating the bend in the muscle and thereby improving the transmission of force 

during contraction of m3.

In most Anthelidae the juxta has been modified to protrude far posteriad (outwards) 

from the diaphragma, supporting the phallus ventrally and laterally. Nevertheless, the 

entire anterior edge of this modified juxta is located in the plane of the diaphragma, as it 

is the case in the flat juxta, or the anterior edge forms the dorsal part of the posterior 

protrusion. However, this condition is modified in many Anthelidae as described below.

Description. In many anthelid species the dorso-lateral comers of the juxta curve 

anteriad, resulting in an invagination of the diaphragma and the dorso-lateral comers of 

the juxta (Fig. 152). These dorso-lateral comers are broadly rounded and interconnected 

by a fold in the diaphragma caused by the invagination (Fig. 153). In these taxa the 

attachment of muscle m3 is focused onto the apex and ventral wall of the invagination, 

which is at a steep angle to the diaphragma (Fig. 147). As a result, the muscle 

attachment faces ventrad and each muscle fibre runs in a straight line from the vinculum 

to the ventral valva wall (Fig. 151), rather than facing anteriad and being bent ventrad at 

the juxta.

Discussion. Superficially similar, but in their morphological detail different, 

modifications of the juxta can be observed in a number of non-anthelid taxa. The
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examined specimen of Aurivillius fuscus (Satumiidae) has a posteriad protruding juxta 

with an invaginated dorsal juxta comer. However, in this species the dorso-mesal comer 

is invaginated, rather than the dorso-lateral comer as in some Anthelidae. In the 

examined Hoplojana sp. near rhodoptera (Eupterotidae) the dorso-lateral part of the 

juxta forms an invagination, too, but in this taxon it is elongate, pointed and extends at a 

different angle than in Anthelidae. I assume the invaginations of the juxta in these two 

taxa to be non-homologous with the one present in some anthelid taxa. Hence I score 

this character as character state (0) for these two non-anthelid taxa.

In the anthelid genus Omphaliodes the entire area around the phallus protrudes 

posteriad, raising the juxta out of the typical plane of the diaphragma. This makes a 

determination of this character difficult, but the curving of the juxta in lateral view 

argues for an invagination, even though no depression in the diaphragma is visible due 

to its posterior protrusion. While I presume the invagination to be present [character 

state (1)], I conservatively score this character as unknown for the genus Omphaliodes.

The entire anterior edge of the juxta is located in the plane of the diaphragma in some 

Anthelidae and many Lepidoptera other than Anthelidae. In contrast, the 

characteristically curved juxta with modified muscle attachment seems to be unique to a 

number of anthelid taxa. Hence I interpret character state (1) as apomorph for these 

anthelid taxa.

Summary. My hypothesis of homology of this modification in all examined taxa is 

based on numerous details as described above. Hence, I consider this hypothesis to be 

very well supported.
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Fig. 150: Anthela repleta (Anthelidae), S ,  latero- 
anterior view (posterior to the right) -  m3 curves 
ventrad (yellow arrows), compensating the 
anteriad facing m3 attachment area of the juxta 
[hidden beneath m3].

Fig. 151: Anthela excellens (Anthelidae), S , 
lateral view (posterior to the right) -  m3 stretches 
in a straight line from the ventral side and apex of 
the invaginated, dorso-lateral juxta comer (yellow 
arrow) to the ventral valva wall [hidden by m5 
and vinculum].

Fig. 152: Anthela excellens (Anthelidae), S ,  lateral view (posterior to the right) -  dorso-lateral juxta 
comer invaginated (yellow arrows mark ventral and dorsal end of the juxta; note the angle between the 
two arrows).
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Character #H.43: Coecum and phallus twisted righthand, with muscles m5 

crossing each other.

> Character state (0) 'NO'; plesiomorph.

> Character state (1) 'YES'; apomorph; very well supported.

Introduction. Muscle m5 is the protractor of the phallus and attaches to the lateral 

side of the phallus end, typically the end of the coecum. In Anthelidae, as in most other 

Macrolepidoptera, the ductus ejaculatorius enters the phallus antero-dorsally, slightly 

anteriorly to the attachment point (zone) of the membranous manica. In anterior view 

the paired muscle m5 and the phallus form a vertically symmetric structure, with muscle 

m5 running in a straight line from the phallus base to the lateral part of the vinculum 

and/or to the valva (Fig. 153).

Description. In some anthelid taxa the coecum and phallus are twisted more than 

100° clockwise in anterior view. This is indicated by the muscles m5 crossing each 

other, as well as by the ductus ejaculatorius seemingly entering the phallus from the 

dorso-lateral right side (Figs 154, 155). In these taxa the two muscles m5 seem to partly 

reach around the coecum and to attach to the dorso- and ventro-lateral sides of its end, 

respectively. During contraction of the muscles w5, the phallus is not only pushed 

outwards but also rotated to the rightanti-clockwise in anterior view. No corresponding 

twist is apparent in the ductus bursae of the females.

Discussion. No such twist or rotation of the phallus is apparent in any of the 

examined or illustrated Macrolepidoptera, other than a few anthelid taxa. Therefore I 

interpret character state (1) as apomorph for these anthelid taxa.

Summary. The twisted condition of the muscles m5 can easily be differentiated from 

the non-twisted state. Superficially similar, homoplastic rotations could probably be 

identified as such by the amount of rotation and the difference in twist between the 

coecum end and the entrance of the ductus ejaculatorius into the phallus. No similar 

rotations or intermediate states have been observed, though. Given the number and 

quality of these details, which my hypothesis of homology of this modification in all 

examined taxa is based on, I consider this hypothesis to be very well supported.
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Fig. 153: Anthela unisigna (Anthelidae), <$, anterior view -  typical, straight coecum and phallus with 
vertically symmetric muscles m5, attaching laterally to the phallus (yellow arrows); note the minor anti
clockwise twist; note the invaginated, dorso-lateral juxta comers being interconnected by a fold in the 
diaphragma.

Fig. 154: Anthela excellens (Anthelidae), Fig. 155: Nataxaflavescens (Anthelidae), <$,
anterior view -  coecum and phallus twisted anterior view -  coecum and phallus twisted
clockwise by more than 100°, as indicated by the clockwise by more than 100°, as indicated by the
crossing over of the dorso- and ventro-laterally crossing over of the dorso- and ventro-laterally 
attached muscles m5 (yellow arrows); note the attached muscles m5 (yellow arrows); note the 
difference in degree of twist between the m5 difference in degree of twist between the m5
attachment and the ductus ejaculatorius entrance. attachment and the ductus ejaculatorius entrance.
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III.3) The female genital structures

The exoskeleton of female genital structures is less complex than that of male genital 

structures. It consists of the abdominal segments VIII-X and its general structure is 

rather uniform in Macrolepidoptera. In contrast, details of the copulatory opening 

(ostium bursae) and the surrounding structures are very variable and of taxonomic 

significance at lower taxonomic levels. These differences often concern the position of 

the ostium bursae, the sclerotization of the surrounding membranes (lamella 

antevaginalis and lamella postvaginalis), the shape, length and sclerotization of the 

ductus bursae, sclerotizations (signa) of the corpus bursae and the relative position of 

the ductus seminalis. At least within the bombycoid complex, these differences are 

typically too simple to be of high phylogenetic significance. Likewise, other sclerotized 

structures, e.g., the anal papillae, apophyses anterior and posterior, are either not very 

variable or their modifications are simple, e.g., changes in the degree of sclerotization. 

Further, the ductus bursae and corpus bursae are often reduced and signa are rare, which 

is probably linked to the full development of eggs during the pupal phase in non-feeding 

taxa with a very short adult lifespan. In these taxa the ductus bursae is strongly 

shortened, hence differences in the relative position of the joining ductus seminalis 

translate to rather small absolute distances.

Within the bombycoid complex the more delicate, internal genital structures, such as 

the spermatheca and the accessory glands, are hardly ever examined and typically 

removed during the process of making genitalia preparations for taxonomic studies. 

These structures are rather variable in the bombycoid complex and possibly more 

informative for phylogenetic studies than the structures typically examined for 

taxonomic diagnoses. However, as publications on these structures are very limited and 

they should ideally be examined in fresh or fixed specimens, a detailed comparative 

morphological study of these structures is beyond the scope of this thesis.

The female genital structures of Anthelidae are as reduced or simple as mentioned 

above for other taxa with non-feeding adults. Their principal genital structures do not 

differ much from the general descriptions given for Ditrysia in many text books, e.g., 

Scoble 1995. In the following sections I give a brief outline of the principal female 

genital structures of Anthelidae, followed by a discussion of the female genital 

characters that I use in my phylogenetic analyses.
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III.3.1) The principal female genital structures of the 

Anthelidae
The copulatory opening (ostium bursae) is located just anteriorly to the stemite of 

abdominal segment VIII in Anthelidae and is surrounded by a sclerotization of the 

membrane (Fig. 156). Based on its relative location, the anterior part of this in 

Anthelidae continuous sclerotization is referred to as lamella antevaginalis and the 

posterior part as lamella postvaginalis. The lamella antevaginalis is not synscleritous 

with the weakly sclerotized stemite of the abdominal segment VII, but the lamella 

postvaginalis is part of the ventral sclerotization of abdominal segment VIII. This 

sclerotization typically extends into the posterior end of the ductus bursae, the antrum. 

Both lamellae are generally strongly sclerotized and in Anthelinae the lamella 

antevaginalis is at right angle to the lamella postvaginalis and the abdominal stemites 

(character #H.44). This unusually orientated lamella antevaginalis forms a sclerotized, 

arc-like plate, with the ostium bursae being located medially in the dorsal part of the 

lamella antevaginalis -  hence the ostium bursae and posterior part of the antrum are in 

line with the body axis. The sclerotization of the lamella antevaginalis has been reduced 

in some species. The ductus bursae and bursa copulatrix are very simple and short, 

together typically not reaching the anterior end of the VII. abdominal segment. The 

condition appears to be modified in the genus Munychryia, and potentially in all 

Munychryiinae, but the female of Gephyroneura cosmia is unknown and the only 

available female specimen of the currently undescribed munychryiine species was not 

dissected. In Munychyia a protruding sclerotization, which might be a part of the 

lamella postvaginalis, forms a tube, which protrudes at an angle posteriad from the 

ventral side of the body (Fig. 157). This extension has an apical opening in the plane of 

the ventral side of the body. However, the actual ostium bursae, which is indicated by a 

sclerotized collar, and the antrum are roughly in line with the body axis as in other 

Anthelidae. The antrum is well sclerotized, while the remaining membranous part of the 

ductus bursae is rather long (coiled in M. senicu/a). The corpus bursae of Munychyia is 

distinctly larger than in other Anthelidae and has a weakly sclerotized signum.

The ductus seminalis joins the ductus bursae about midway between the ostium 

bursae and the bursa copulatrix in most Anthelidae (Fig. 156), but at the anterior end of 

the sclerotized antrum in Munychnna. As the ductus seminalis is a simple, membranous
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structure, it is not possible to determine whether this more posterior position of the 

ductus seminalis in Munychryia is caused by an extension of the ductus bursae or by a 

shift of the ductus seminalis. Alternatively, the more central position of the ductus 

seminalis in other Anthelidae could have been caused by opposite mechanisms. The 

relative position of the ductus seminalis is a good example of a valuable diagnostic 

character with distinct differences, which nevertheless has no to very little phylogenetic 

significance. In Anthelidae the ductus seminalis is not widened to form a bulla seminalis 

and it opens into the ventral side of the anterior end of the genital chamber.

Roughly opposite of the ductus seminalis the genital chamber forms a protrusion 

('papilla') and opens dorsally into the very thin and long ductus spermathecae. This 

membranous tube ends in the spermatheca, which is bilobed and consists of a balloon

shaped lagena and a tubular utriculus with annular folds and an apical, branched 

spermathecal gland.

As in most other Lepidoptera, the two ovaries each consist of four ovarioles, which 

open into a short lateral oviduct. The two lateral oviducts join to form the common 

oviduct, which opens into the anterior end of the genital chamber.

The paired accessory glands of Anthelidae are long to extremely long (e.g., Anthela 

dementi), simple tubes, which widen into very long, tubular reservoirs (Fig. 163). These 

reservoirs extend far beyond abdominal segment VII, have a wrinkled, membranous 

surface and can have several asymmetric expansions and constrictions. The two 

reservoirs join to form a common duct, which opens into the dorsal wall of the posterior 

part of the genital chamber. This common duct is an extension of the two joined 

reservoirs and posteriorly narrows gradually, but has been modified to form a set-off, 

very narrow duct in some anthelid taxa (character #H.45).

The anal tube ends separately from the genital chamber between the weakly 

sclerotized, setose, lateral anal papillae. From a sclerotization at the dorso-lateral edge 

of the anal papillae the paired, well developed, slender posterior apophyses originate. 

The anterior apophyses are of similar proportions and are attached to the tergite and 

stemite of the abdominal segment VIII by a well sclerotized fork.
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Fig. 156: Anthe/a nicothoe (Anthelidae), lateral view (posterior to the right; horizontally flipped) 
[ovaries, spermatheca and accessory glands removed] -  female genital structures; yellow arrow marks 
ostium bursae in lamella antevaginalis.

Fig. 157: Munychryia senicula (Anthelidae), $, lateral view (posterior to the right) -  a sclerotized tube 
(probably formed by the lamella postvaginalis) is located posteriorly to the antrum, which relocates the 
copulatory opening (yellow arrow) into the plane of the (reduced) stemites.
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III.3.2) Character analyses of female genital characters

Character #H.44: Lamella antevaginalis at right angle to lamella postvaginalis.

> Character state (0) ’NO’; plesiomorph.

> Character state (1) 'YES'; apomorph; poorly supported.

Introduction. The location and orientation of the ostium bursae and the adjoining 

antrum vary greatly between taxa, as does the sclerotization of the surrounding 

membrane (Figs 158, 159, 160). In Anthelidae, however, these characteristics are rather 

constant as described below.

Description. As in many other Lepidoptera, the posterior part of the sclerotization 

surrounding the ostium bursae (the lamella postvaginalis) is in the plane of the stemites 

in Anthelidae. In contrast, the lateral and anterior parts of this sclerotization (lamella 

antevaginalis) protrude from this plane at an angle of roughly 90°. The ostium bursae 

and antrum are located in the basal area of this ventrad angled lamella antevaginalis, and 

consequently are in line with the body axis (Fig. 161). This protruding lamella 

antevaginalis is typically strongly sclerotized, forming an arc ventrally of the ostium 

bursae (Fig. 162). However, this sclerotization is frequently reduced or lost, but the 

orientation of the membrane, ostium bursae and antrum remain.

Discussion. It is uncertain if the arrangement in the genus Munychryia is a 

subsequent modification of the condition found in all other Anthelidae, or if it is a 

different structure. In this genus a sclerotized, postero-ventrad protruding tube is formed 

by the surrounding membrane, which appears to be the lamella postvaginalis (Fig. 157). 

This tube ends internally at the sclerotized antrum, which extends in the orientation of 

the body axis as in all other Anthelidae. The posterior edge of this antrum, the ostium 

bursae, is surrounded by a sclerotized collar, which has a thick outer layer of transparent 

cuticle and is confluent with the surrounding membrane. The sclerotized part of this 

collar might be homologous with the lamella antevaginalis of other Anthelidae. As I am 

uncertain about this arrangement in Munychiyia and do not have information on any 

other Munychryiinae, I score this character as unknown ("?") for Munychryiinae.

Due to the great variety of modifications in the area of the ostium bursae it is difficult 

to impossible to determine a plesiomorphic state for any group. In the bombycoid 

complex the ostium bursae is typically located in the posterior part of the intersegmental

- 2 1 6 -



III.3.2) Character analyses of female genital characters 

fold between abdominal segments VII and VIII. The distinctly ventrad angled, 

sclerotized lamella antevaginalis including the ostium bursae and the antrum appears to 

be unique to Anthelidae. Therefore I assume character state (1) to be apomorphic.

Summary. The ventrad angled lamella antevaginalis with the ostium bursae and 

antrum is a distinct, but simple modification. It is obscured in some Anthelidae by a loss 

of the sclerotization, and the condition present in Munychryiinae is difficult to interpret. 

The ostium bursae and its surrounding membrane are very variable in families other 

than Anthelidae, and subsequent modifications might easily obscure the condition in 

these taxa, too. Hence I consider this hypothesis to be poorly supported.

Fig. 158: Oenosandra boisduvalii (Oenosandridae), $ , lateral view (posterior to the right) -  the ostium 
bursae (yellow arrow) is covered by the transverse lamella antevaginalis.
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Fig. 159: Agrius convolvuli (Sphingidae), $, 
lateral view (posterior to the right) -  the ostium 
bursae (yellow arrow) is located at the base of the 
postero-ventrally protruding lamella 
antevaginalis.

Fig. 161: Anthela nicothoe (Anthelidae), $, 
lateral view (posterior to the right; horizontally 
flipped) -  the ostium bursae (yellow arrow) and 
antrum are located in the basal area of the lamella 
antevaginalis, which is at right angle to the 
lamella postvaginalis.

Fig. 160: Rhodinia fugax (Satumiidae), $, lateral 
view (posterior to the right) -  the ostium bursae 
(yellow arrow) is located at the base of the 
lamella antevaginalis and is covered by a postero- 
ventrally protruding lamella postvaginalis.

OV

Fig. 162: Anthela nicothoe (Anthelidae), $, 
posterior view -  the wide ostium bursae (yellow 
arrow) and antrum (green arrows mark lateral 
edges) are located in the basal area of the ventrad 
angled lamella antevaginalis.

- 2 1 8 -



III.3.2) Character analyses of female genital characters 

Character #H.45: Common duct of accessory glands set off from and at right angle 

to accessory gland reservoirs.

> Character state (0) ’NO’; plesiomorph.

> Character state (1) 'YES’; apomorph; poorly supported.

Introduction. The reservoirs of the two accessory glands join posteriorly and form a 

common duct, which opens into the dorsal wall of the posterior part of the genital 

chamber (Fig. 163). This common duct is the posterior extension of the joined reservoirs 

and hence is in the plane of this V-shaped joined reservoir (Figs 166, 167). From the 

joined reservoirs towards the genital chamber the common duct typically narrows 

gradually, but it is slightly more set off from the joined reservoirs in some taxa.

Description. In some Anthelidae the common duct is much narrower than the joined 

reservoirs and not a posterior extension. Instead, the thin duct attaches to one side of the 

joined reservoirs, being at an angle of 90° to the plane of this V-shapcd joined reservoirs 

(Fig. 165). This attachment is not to the posterior end of the joined reservoirs, but 

slightly further anteriorly, which results in the joined reservoirs forming a short coecum 

(Fig. 164).

Discussion. In some species (e.g., Chenuala heliaspis, Anthela neurospasta, A. 

nicothoe, A. excellens) the joint reservoirs do not form a distinct coecum, but the 

common duct is nevertheless at right angle to the plane of the accessory gland 

reservoirs. This appears as a bent in the common duct, which can be adjacent or at a 

short distance to the joint reservoirs. Either a simple bent in the common duct or a 

coecum can be present in closely related species. I have no basis to hypothesize, whether 

the bent in the common duct is formed by a reduction of the coecum, or whether it is the 

pre-cursor to the formation of a coecum. Therefore, I use only the common denominator 

as a character, namely the right angle in the set-off common duct.

The gradually narrowing, posterior extension of the joined reservoirs is present in all 

examined species of the bombycoid complex, Noctuoidea and some Anthelidae. In 

contrast, the thin and angled common duct is unique to some anthelid species. Therefore 

I interpret character state (1) as apomorphic.
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Summary. While this modification appears to be more than just a simple angling of a 

duct in many species, a coecum is not always present and the location of the right angle 

seems to be somewhat variable. Therefore, the very strong, abrupt narrowing and the 

right angle in the common duct are the only characteristics, which is why I consider this 

hypothesis of homology to be poorly supported.

Fig. 163: Anthela dementi (Anthelidae), ventral view (posterior to the right) -  the two accessory 
glands are long, thin tubes, which open into the wider accessory gland tubes and unite to form a 
common duct.
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Fig. 164: Anthela dementi (Anthelidae), $, 
ventral view (posterior to the right) -  the common 
duct connects to the ventral side of the merged 
accessory gland reservoirs, anteriorly to their 
merged posterior end (black double-arrow).

Fig. 165: Anthela dementi (Anthelidae), 
lateral view (posterior to the right) -  the common 
duct connects to the ventral side of the merged 
accessory gland reservoirs, anteriorly to their 
merged posterior end (black double-arrow) and at 
an angle of roughly 90° to the merged reservoirs 
(yellow arrows indicate orientation).

Fig. 166: Chelepteryx chalepteryx (Anthelidae), 
§, ventral view (posterior to the right) -  the 
common duct connects to the posterior end of the 
merged accessory gland reservoirs.

Fig. 167: Cheleptena chalepteiyx (Anthelidae), 
$, lateral view (posterior to the right) -  the 
common duct connects to the posterior end of the 
merged accessory gland reservoirs, extending in 
the same plane (yellow arrows indicate 
orientation).
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III.4) T he wings of imagines

The wings are THE most commonly used structures in publications on lepidopteran 

taxonomy and phylogeny. This is not surprising as wing pattern, colouration and to a 

lesser degree wing shape are often highly variable between species and differences are 

instantly observable without the need for preparations or tools. However, these 

differences are so variable and modifications so frequent that wing pattern, colour and 

shape have hardly any value in the reconstruction of higher phylogenies.

In contrast, wing venation has always played a major role in the classifications and 

later in phylogenetic hypotheses of Lepidoptera. Today's "modem" classification of 

Lepidoptera, in particular of Macrolepidoptera, relies heavily on differences in wing 

venation. This is problematic in as far as most differences in wing venation have high 

diagnostic value, but are of rather limited phylogenetic value. These limitations are 

caused by the characteristics of wing venations themselves as well as by our perception 

of them -  they are structures of simple appearance, which form a rather complex system. 

Differences in wing venation essentially never pertain to qualities of veins, as at least 

external structural details of veins are very constant. Instead, these differences concern 

exclusively the relative position of veins to each other or the absence of veins. 

Obviously, differences in relative positions can be caused (or obscured) by changes in 

more than one vein. This problem of recognizing different origins as such is reflected by 

the simplistic use of descriptive terms that do not differentiate between the causes of an 

observed appearance. For example (Fig. 168), if the connate vein branches radial sector 

Rsl/Rs2 and Rs3/Rs4 change to Rsl/Rs2 being stalked with Rs3/Rs4, this appearance 

could have been caused by

a) the closing of the discoidal cell by the branch of the media Ml proximally of the 

unaltered split between Rsl/Rs2 and Rs3/Rs4 (a proximal shift of Ml) [Fig. 168 B)], 

or

b) the split between Rsl/Rs2 and Rs3/Rs4 being located more distally of the unaltered 

termination of the discoidal cell by Ml (e.g., an incomplete primary split in Rs) [Fig. 

168 C)].
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Fig. 168: Scheme illustrating the difficulty of recognizing different origins of similar venation patterns. 
The differences are easy to pick in these simple schemes, but not in actual wings of different shape, size 
or with slightly different arrangement of veins.
A) Rsl+Rs2 and Rs3+Rs4 are connate.
B) Rsl+Rs2 and Rs3+Rs4 are stalked due to a proximal shift of Ml (closing of the cell)
C) Rsl+Rs2 and Rs3+Rs4 are stalked due to a distal shift of the primary split in Rs

Further, the modifications of veins are typically simple and affect either the distance 

of a split between branches from the base of the wing, or the laterad bending of 

branches. Therefore certain appearances are very likely to evolve multiple times, such as 

the relative position of vein M2 being either closer to Ml or to M3. It is virtually 

impossible to structurally determine single or multiple evolutionary events. 

Additionally, the overall shape and size of the wing combined with functional 

constraints are likely to favour the evolution of certain wing venations, e.g., the fusion 

of the radial sector branches in Macrolepidoptera.

As the veins of a wing have hardly any external structural characteristics, the 

identification (= homologization) of vein branches between different taxa is typically 

only based on their relative position and the branching pattern of the vein. In taxa that 

"lack" vein branches, the reliable identification of the remaining branches by external 

characteristics is usually no longer possible. This is commonly the case with the "loss" 

of radial sector branches in, e.g., the bombycoid complex. The study of the wing
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tracheae, which extend inside the veins, can help to homologize the remaining vein 

branches and to distinguish between true losses and fusions of vein branches. 

Observations on the developing wing in the pupa are particularly useful in this respect, 

but are rarely carried out.

It must be concluded that the typical differences in wing venations are less than ideal 

characters for phylogenetic analyses and have to be used much more cautiously than is 

generally done in literature. This caution certainly applies also to my own descriptions 

and characters of wing venation, which I discuss in the following sections.

III.4.1) The principal wing venation of the Anthelidae
Many different numbering systems and names have been applied to wing venations 

by various authors. I follow the notation suggested by Wootton (1979). With the 

exception of the radial sector of the fore wing, the wing venation of Anthelidae (Figs 

177, 180, 185, 186, 187, 188, 197, 198) represents at large the principal arrangement of 

veins in the bombycoid complex.

In the fore wing of Anthelidae the costa (C) forms the anterior edge of the wing. The 

simple subcosta (Sc) runs almost parallel to C and fuses with it well proximally of the 

wing apex. The simple radius (R) diverges from its common stem with the radial sector 

(Rs) and reaches C distally of Sc. The radial sector splits into two main branches 

Rsl/Rs2 and Rs3/Rs4, each of which splits into two terminal branches. The fork in 

Rsl/Rs2 is located slightly distally (Figs 177, 185, 197, 198), at level (Fig. 187) or 

slightly proximally (Fig. 180) of the fork in Rs3/Rs4. The former condition is typical of 

the bombycoid complex (character #H.46), and usually much more distinct than in 

Anthelidae. A short sclerotization of the wing membrane between or touching of Rs2 

and Rs3 just distally of their respective branching points results in an elongate, loop

shaped arrangement of veins, which is generally referred to as the "areole" (character 

#H.47). If perceived as a loop, Rsl-Rs4 branch off separately from the distal end of this 

areole. Despite this structural difference to other Lepidoptera having been pointed out 

by Turner (1920a), this areole is frequently regarded as homologous with a similar 

arrangement of veins found in Geometridae and Noctuoidea (e.g., Lemaire & Minet 

[1998], but see character #H.47). A transverse sclerotization ("cross-vein") is located 

just distally of the areole, stretching from the connection between Rs2 and Rs3 across
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Rsl towards R (Figs 181, 182, 183). This transverse sclerotization is unique to 

Anthelidae and discussed in greater detail in character #H.48. The media M is split into 

three terminal branches, of which Ml can be either free from or connate (occasionally 

short-stalked) with Rs3/Rs4. Branch M2 is closest to M3, with both branches arising 

from the lower distal comer of the discoidal cell. The two branches of the cubitus 

anterior (CuAl and CuA2) split off separately from the distal half of the discoidal cell, 

well proximally of the cell's lower distal comer. The cubitus posterior (CuP) is 

occasionally distinct (Figs 180, 185), but typically reduced to a fold. The fused anal 

veins 1A+2A form basally a loop, while 3A is absent.

In the hind wing C forms a distinct humeral angle, but no humeral veins are present. 

Sc diverges from the radial stem basally, but after a short distance curves towards and 

almost touches the fork in the radial stem, prior to diverging again. There is a tendency 

towards a loss of this approximation between Sc and the radial stem. R fuses with Sc 

after a short distance, but its separate, basal part is occasionally reduced to absent. Rs 

and Ml can be free, connate or stalked with each other. M2 is closest to the M3, both 

branches arising from the lower distal comer of the discoidal cell. The two branches 

CuAl and CuA2 split off separately from the distal half of the discoidal cell. CuP is 

absent, and the anal veins 1A+2A and 3A are simple.
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Character #H.46: The fork in Rsl/Rs2 is located distaily of the fork in Rs3/Rs4 

(fore wing).

> Character state (0) ’NO'; plesiomorph.

> Character state (1) 'YES'; apomorph; moderately supported.

Introduction. According to Kristensen (2003b: 87) the radial sector (Rs) of the fore

wing is "twice dichotomously forked (Rsl/Rs2 and Rs3/Rs4)" in the hypothetical 

ground plan of the Lepidoptera. In Heteroneura this basic dichotomy into Rsl/Rs2 and 

Rs3/4 is rarely obvious in the fully developed wing. It is obscured by partial fusions 

within Rs, which appear as either Rs branches diverging separately from the discoidal 

cell, or as the stalking of multiple Rs branches. In Macrolepidoptera, the branches 

Rsl/Rs2 and Rs3/Rs4 are still (or again) separated from each other, but more distaily 

fused, which results in a loop-shaped appearance referred to as the areole (Fig. 178). 

Subsequent fusions, resulting in the "loss" of the areole, are very common. The at least 

basal separation of the branches is retained in families of most macrolepidopteran 

superfamilies, e.g., some Axiidae (Minet [1998]: 258, Fig. 15.1 A), Drepanidae (Minet 

& Scoble [1998]: 303, Fig. 17.IB, C), Geometridae (Minet & Scoble [1998]: 314, Fig. 

17.6A), families of the Noctuoidea (Miller 1991: 74-75, Figs 244-246; Kitching & 

Rawlins [1998]: 358, Fig. 19.3B, D-H) and families of the bombycoid complex. In most 

of these families the areole is very small and the separation of the two branches 

restricted to the base of the branches (Fig. 178). In contrast, this split into two radial 

branches is very obvious in some families of the Noctuoidea (Oenosandridae, Doidae, 

Notodontidae) and of the bombycoid complex (Mimallonidae (Fig. 176), Lasiocampidae 

(Fig. 169), Sphingidae (Fig. 170), Carthaeidae (Fig. 195), Anthelidae (Figs 177, 185, 

186, 187, 188)). I examined the pupal tracheation (the "primary tracheation" of Pruscha 

(1985: 92)) of the developing wing of Oenosandra boisduvalii (Oenosandridae) (Fig. 

171), Anthela ferruginosa, A. guenei and of A. astata (Anthelidae) (Figs 172, 173), 

which all show a split into the Rsl/Rs2 and Rs3/Rs4 branches. Based on the distribution 

of the partially split condition and my observations in the developing wing, I believe the 

forking into Rsl/Rs2 and Rs3/Rs4 to be the principal arrangement of veins in 

Macrolepidoptera -  irrespective of it representing a synapomorphy or a 

symplesiomorphy of this group. Consequently I regard the common stalking of terminal 

Rs branches to merely represent secondary fusions between the terminal branches Rs2
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and Rs3 or between the Rsl/Rs2 and Rs3/Rs4 branches, which must have evolved 

multiple times. Such a tendency towards a fusion of radial sector branches is not 

restricted to Macrolepidoptera, but typical of Heteroneura. Effectively, these fusions 

cause a compression of Rs, which together with the approximation of C, Sc, R and Rs 

causes a higher density of veins in the costal area than in any other part of the wing. 

This higher density of veins strengthens the costal area, which is likely to be important 

for flight.

With the exception of the Bombycoid complex, the fork in branch Rsl/Rs2 is located 

proximally of the fork in Rs3/Rs4. This is not obvious, as branches of the radial sector 

are typically fused, which results in a perception of the radial sector as a sequence of 

branches, rather than as a double dichotomy. Visualizing the sequential branching of the 

radial sector as a double dichotomy, the fork in branch Rsl/Rs2 is clearly located 

proximally of the fork in Rs3/Rs4 (Fig. 179). This condition can be observed in some 

species like O. boisduvalii (Oenosandridae), in particular in its developing wing (Fig. 

171). There are, of course, also occasional exceptions, like the Balacra sp. (Arctiidae: 

Syntominae) illustrated by Kitching and Rawlins ([1998]: 358, Fig. 19.31), in which the 

fork in Rsl/Rs2 is located distally of the fork in Rs3/Rs4.

Description. In all families of the bombycoid complex, the relative positions of the 

most distal dichotomies of the radial sector are reversed -  the fork in Rsl/Rs2 is located 

distally of the fork in Rs3/Rs4.

Discussion. This condition is very obvious in the families Mimallonidae (Fig. 176), 

Lasiocampidae (Fig. 169), Bombycidae (Fig. 191), Carthaeidae (Fig. 195), Endromidae, 

Mirinidae (Fig. 196), Sphingidae (Fig. 170) and a few Eupterotidae (Fig. 192). It is 

obscured by a "loss" of Rs branches in Satumiidae, most Eupterotidae, most Lemoniidae 

(Fig. 194) and many Brahmaeidae, which appears to be caused by the extreme of a 

tendency to shift the fork in Rsl/Rs2 towards the apex of the wing (e.g., Fig. 170) -  the 

fork is located at the very end of Rsl/Rs2 in some species and is frequently "lost" in 

many other species of Sphingidae as well as Eupterotidae. I assume this to be the case in 

Satumiidae, Lemoniidae and Brahmaeidae, too, but an examination of the pupal 

tracheation should be carried out. Pruscha (1985) published his observations on the
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trachea of the developing wing of some Saturniidae (Fig. 174). In Satumiidae Rs4 and 

M1 are entirely "fused", which appears as a "loss" of one Rs branch (Fig. 175). A further 

branch is "lost" in many species, caused by the extreme distal movement of the Rsl/Rs2 

fork.

Within the bombycoid complex, the Anthelidae are an exception in this regard. They 

possess a unique modification in the radial sector, a transverse, partly sclerotized fold 

(character #H.48). This fold is very close to or coincides with the two forks in Rsl/Rs2 

and Rs3/Rs4, possibly affecting their locations. In the Anthelidae the two forks are at 

about the same distance from the base of the wing (e.g., Fig. 185). In many species the 

fork in Rsl/Rs2 is located slightly to distinctly more distally (e.g., Figs 197, 198), as in 

other families of the bombycoid complex. But in some taxa, e.g., the Munychryiinae 

with a particularly greatly developed modification of Rs, the fork in Rsl/Rs2 is located 

slightly proximally of Rs3/Rs4 (Fig. 188). In the pupal tracheation of the developing 

wing of A. astata (early stage), the fork in Rsl/Rs2 is located slightly proximally of the 

fork in Rs3/Rs4, too (Figs 172, 173). However, in the emerged moth of this species the 

fork in Rsl/Rs2 is positioned distinctly distally of the fork in Rs3/Rs4. While not being 

as distinct as in other families of the bombycoid complex, I nevertheless believe the 

principal location of the fork in Rsl/Rs2 to be distally of the fork in Rs3/Rs4 in 

Anthelidae.

The bombycid subfamilies Apatelodinae, Bombycinae and possibly Phiditiinae are 

further exceptions in this regard. Some Apatelodinae and some Bombycinae (with an 

extremely produced fore wing apex) have an entirely fused radial sector, in which Rs4 

branches off most distally (Figs 189, 190). Hence, the fork in the fused Rsl/Rs2 is 

located proximally of the fork in Rs3/Rs4. In the bombycine Epiini and the Phiditiinae 

one branch of the radial sector (seemingly of the Rsl/Rs2 branch) is lost, which does not 

allow to distinguish between the relative locations of the forks. However, in the other 

bombycid subfamily Prismostictinae the configuration typical for the bombycoid 

complex is present (Fig. 191), which is why I assume the uniquely fused arrangements 

(not entirely fused in the apatelodine genus Olceclostera (Fig. 189)) found in the other 

bombycine subfamilies to be subsequent modifications. This is based on the assumption 

of monophyly of the Bombycidae sensu Minet (1994), which is at best very poorly 

supported.
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The arrangement of veins in Lepidoptera other than the bombycoid complex and my 

observation of pupal tracheation in developing wings of A. astata indicate the more 

proximal position of the fork in Rsl/Rs2 to be the plesiomorphic condition. Therefore I 

interpret character state (1) as apomorphic.

Summary. The changes in relative position of forks in the radial sector are very 

unusual and for the majority of taxa very distinct to extreme. Apart from the relative 

position, no indications of homology exist. As explained below (I1I.5.1.C, pp 283ff.), 

the relative arrangement of veins can be caused by changes in various veins, and 

independent changes of the same vein could hardly be identified as such. However, in 

the bombycoid complex this arrangement appears to be caused by a change in the 

Rsl/Rs2 branch only. I therefore consider my hypothesis of homology to be moderately 

supported.

r'CuAI

CuA2

1A +2A

Fig. 169: Artace cribraria (Lasiocampidae), S , 
wing venation scheme [redrawn after Franclemont 
(1973: 32, Fig. 5c)]- the FW Rs branches 
Rsl/Rs2 (red) and Rs3/Rs4 (blue) are widely 
separated; note the far distal fork in Rsl/Rs2.

R R sl

•tuA1
"CuA2

1A+2A

.Sc+R

"CuAI
tu A 2

Fig. 170: Leucophlebia afra (Sphingidae), S, 
wing venation scheme [redrawn after Lemaire & 
Minet ([1998]: 339, Fig. 18.51)]- the FW Rs 
branches Rsl/Rs2 (red) and Rs3/Rs4 (blue) are 
approximated, but entirely separated; note the far 
distal fork in Rsl/Rs2.
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Fig. 171: Oenosandra boisduvalii 
(Oenosandridae), <3\ pupal fore wing tracheation 
scheme -  the FW Rs branches Rsl/Rs2 (red) and 
Rs3/Rs4 (blue) entirely separated; note the more 
proximal position of the fork in Rsl/Rs2 
compared to the one in Rs3/Rs4.

Fig. 173: Anthela astata (Anthelidae), <3, pupal wing tracheation -  the FW Rs branches Rsl/Rs2 and 
Rs3/Rs4 are entirely separated, but Rs2 and Rs3 are locally approximated (yellow arrow).

Fig. 172: Anthela astata (Anthelidae), <$, pupal 
fore wing tracheation scheme -  the FW Rs 
branches Rsl/Rs2 (red) and Rs3/Rs4 (blue) are 
entirely separated.
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/CuA2

'CuA21A 2A

■tuAI

Fig. 174: Sarnia cynthia (Satumiidae), <$, pupal 
wing tracheation scheme [redrawn after Pruscha 
(1985: 93, Fig. 1)] -  the pupal FW Rs branches 
Rsl/Rs2 (red) and Rs3/Rs4 (blue) are entirely 
fused, and Ml and Rs4 are very closely 
approximated.

RS4+M1

"

'CuA2

'CuA1

tuA 2

1A+2A

Fig. 175: Sarnia cynthia (Satumiidae), S , wing 
venation scheme [redrawn after Pruscha (1985: 
94, Fig. 2)] -  the imaginal FW Rs branches 
Rsl/Rs2 (red) and Rs3/Rs4 (blue) are entirely 
fused, the fork in Rsl/Rs2 is at its most distal 
position, and Ml and Rs4 are merged.

-231  -



III.4.2) Character analyses of wing-related characters 

Character #H.47: "Areole" formed by a sclerotization between or the local 

touching of Rs2 and Rs3 (fore wing).

> Character state (0) 'NO'; plesiomorph.

> Character state (1) 'YES'; apomorph; moderately supported.

Introduction. The radial sector branches Rs2 and Rs3 of the fore wing originate from

two separate branches as described above (character #H.46; Fig. 176). In many 

Macrolepidoptera these two terminal branches (or even the two branches Rsl/Rs2 and 

Rs3/Rs4) are partly to entirely fused with each other, in which case Rs2 and Rs3 form a 

single vein over a certain distance (Figs 178, 179). This often appears as a "transfer" of 

one of these branches onto the other one.

Description. The situation is different in Anthelidae, in which Rs2 and Rs3 are 

connected to each other for a very short distance by a sclerotization of the wing 

membrane, just distally of their respective origins (Fig. 177). This appears as a separate 

origin of all Rs branches from a secondary cell, as opposed to the "stalked" origin of 

branches from an often tiny secondary cell -  Turner's justification for separating the 

Anthelidae from the Lymantriidae (Turner 1920a: 418). This connection of Rs2 and Rs3 

is neither a "cross-vein" containing a trachea, nor a fusion of Rs2 and Rs3. Instead, this 

connection is formed by a simple, sclerotized thickening. In quite a number of anthelid 

species, Rs2 and Rs3 are so closely approximated that they touch each other for a short 

distance, but without forming an anastomosis/fusion of the veins.

Discussion. Species have a tendency towards either a sclerotized thickening or a 

local contact between the veins, but occasionally both these conditions can be found in 

different specimens of the same species. This connection between Rs2 and Rs3 marks 

the posterior end of a sclerotized, transverse fold (see character #H.48), and the 

sclerotized thickening is likely to be part of it, while the local touching of these veins 

seems to be no more than an additional approximation of Rs2 and Rs3.

As Rs2 and Rs3 originate from separate branches and are not connected with each 

other in several bombycoid families, as well as during the development of anthelid 

wings, I interpret character state (1) as apomorphic.
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Summary\ The connection between Rs2 and Rs3 is unique to Anthelidae and not to 

be confused with the (partial) fusion of these branches (no longer distinguishable as two 

separate veins) or a "true cross-vein" with a trachea (if existing) in other taxa. While the 

sclerotized connection might be derived or be part of the fold described in character 

#H.48, this connection involves additionally the approximation and distal divergence of 

the two veins. Further, this connection occurs in a very specific arrangements of veins 

only. The actual connection itself is structurally very simple and does not offer any 

details indicating homology. Therefore I consider my hypothesis of homology to be 

moderately supported.
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R Rs1

1A+2A

1 A + 2 A

Fig. 176: Mimallo atvilia (Mimallonidae), <$, 
wing venation scheme [redrawn after da Costa 
Lima (1959: 248: Fig. 202)] -  the FW Rs 
branches Rsl/Rs2 (red) and Rs3/Rs4 (blue) are 
widely separated and do not form an areole; note 
the distal fork in Rsl/Rs2.

—-''1A+2A

Fig. 178: Laelia obsoleta (Lymantriidae), <$, fore 
wing venation scheme -  the FW Rs branches 
Rsl/Rs2 (red) and Rs3/Rs4 (blue) are fused 
except for their basal part, which results in a very 
small areole.

/ ------ --—E___

1A+2Ä........CuP

Fig. 177: Anthelapudica (Anthelidae), <$, wing 
venation scheme -  the FW Rs branches Rsl/Rs2 
(red) and Rs3/Rs4 (blue) form the long edges of 
an areole, which is closed by a local contact 
between Rs2 and Rs3 near their origin.

Fig. 179: Leptocneria reducta (Lymantriidae), S , 
fore wing venation scheme -  the FW Rs branches 
Rsl/Rs2 (red) and Rs3/Rs4 (blue) are entirely 
fused; note the fork in Rsl/Rs2 being located 
more proximally than in Rs3/Rs4.

- 2 3 4 -



III.4.2) Character analyses of wing-related characters 

Character #H.48: Transverse, sclerotized fold connects Rs2 with Rsl (fore wing).

> Character state (0) ’NO'; plesiomorph.

> Character state (1) 'YES'; apomorph; very well supported.

Introduction. The fore wing of Anthelidae is not an entirely flat structure. The 

proximal 2/3 of the costal area are more strongly curved ventrad than in other families, 

while the distal 1/3 is slightly curved dorsad. The ventrad curved proximal area includes 

the costa, subcosta, and stem of the radius and radial sector. Near the base of the wing 

this area is at an angle of more than 45° to the rest of the wing (in cross-section). 

Obviously, any bend in a flat structure stiffens the whole structure -  as employed 

technically by angled beams in construcions. Similarly, a stiffening of the wing edge is 

likely to be caused by the higher density of veins in the costal area, which is found in 

many other families of the bombycoid complex (e.g., Figs 189, 190), but not or less 

distinctively so in most Anthelidae (e.g., Figs 185, 186; the genus Che/epteryx with its 

giant wings is an exception (Fig. 180)). The increase in vein density appears to be 

positively correlated to wing length (size).

Description. The bend in the wing along the coastal area ends proximally of the wing 

apex in a transverse "step" or fold, distally of which the apex of the wing is not only in 

the plane of the wing, but even curves slightly dorsad. This transverse fold is located 

just distally of the forks in Rsl/Rs2 and Rs3/Rs4, stretching from Rs2 beyond Rsl and 

converging onto R (Fig. 181). The beginning of this fold is formed by the basal section 

of Rs2, which is located dorsally of Rsl. In most anthelid species the ventral edge of 

this transverse fold is strengthened by a sclerotization, which connects Rs2 with Rsl and 

extends slightly towards (Figs 182, 183) or even reaches R (character #H.49). Between 

Rs2 and Rsl, the dorsal edge of this transverse fold typically stretches at an angle to 

Rs2, but it occasionally overlies Rs2.

Discussion. The connection between Rs2 and Rs3 is formed by a sclerotized 

thickening (character #H.47), too, but as it is at an angle to the rest of the sclerotization 

its derivation from the sclerotized thickening of the fold is uncertain.

This partly sclerotized, transverse fold is unique to Anthelidae and has not been 

recorded from any other Lepidoptera, which is why I interpret character state (1) as 

apomorphic.
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The development of truly new structures as opposed to the reuse of existing 

structures is very rare. The partly sclerotized transverse fold is such a new development, 

and its uniqueness and value were already recognized by Turner (1904).

Summary. The sclerotization of the fold is simple, but the fold itself consists of the 

basal section of Rs2 and a triangular part of the wing membrane. Further, the location 

and course of the fold are very constant and specific. Overall I consider my hypothesis 

of homology to be very well supported.

'CuA2

/ ------ B.... _____

------ CuA1

1A+2A CuP CuA2

Fig. 180: Chelepteryx chaleptery’x  (Anthelidae), <$, wing venation scheme -  just distally of the closure 
of the areole in the FW a partly sclerotized cross-fold extends from Rs3/Rs2 towards R.
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Fig. 181: Chelepteryx chalepteryx (Anthelidae), <$, fore wing underside -  a partly sclerotized cross
fold (green arrow) terminates the ventrad-angled costal area just distally of the origin of Rs2 and the 
contact between Rs2 and Rs3; the fold converges onto R, while the sclerotization (between yellow 
arrows) hardly extends beyond Rsl.

Fig. 182: Chelepteryx chalepteryx (Anthelidae), S , fore wing underside -  a partly sclerotized cross
fold terminates the ventrad-angled costal area just distally of the origin of Rs2 and the contact between 
Rs2 and Rs3; the sclerotized part of the fold (between yellow arrows) is located dorsally and just 
slightly distally of the basal part of Rs2 (green arrow).
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Fig. 183: Chelepteryx chalepteiyx (Anthelidae), <$, fore wing underside -  sclerotized part (between 
yellow arrows) of the cross-fold in Rs, located dorsally and just slightly distally of the basal part of 
Rs2.

-  238 -



III.4.2) Character analyses of wing-related characters 

Character #H.49: Sclerotization of transverse fold extends onto R (fore wing).

> Character state (0) ’NO’; plesiomorph.

> Character state (1) ’YES’; apomorph; poorly supported.

Description. The sclerotization of the transverse fold in the fore wing is of variable 

strength and variable extent. In most anthelid species it does not extend far beyond Rsl, 

ending before reaching R (Fig. 185). However, in some anthelid species it does extend 

further and reaches R (Fig. 184).

Discussion. This character has traditionally been used to characterize the anthelid 

subfamily Munychryiinae.

No sclerotization is present in species without a fold, and the sclerotization is not 

reaching R in most anthelid species. A gradual extension of the sclerotization is the 

most parsimonious explanation for the occurrence of the longest sclerotization, but 

while a reduction from a total sclerotization (which would have evolved initially) cannot 

be ruled out, I assume character state (1) to be apomorphic.

Summary. The extension of a sclerotization along an existing fold is a very simple 

modification, which does not allow the distinction between convergent evolution of 

such sclerotizations. Also I recorded such an extension of the sclerotization as part of 

infra-specific variation in Omphaliodes obscura (Fig. 186). Consequently I consider my 

hypothesis of homology to be poorly supported.

Fig. 184: Munychyia n. sp. nr senicula (Anthelidae), S , wing venation scheme -  the sclerotization of 
the fold in the FW Rs (between the two green dotted lines) extends beyond Rsl onto R.
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------- :M3

-CuA1

?'CuA2

CuA1

Fig. 185: Pseudodreata sp. (Anthelidae), <$, wing 
venation scheme -  the sclerotization of the cross
fold in the FW Rs hardly extends beyond Rsl.

Rs2 Rs3

1A+2A

Sc+R

CuA1

CuA2
1A+2A

Fig. 186: Omphaliodes obscura complex 
(Anthelidae), S , wing venation scheme -  the 
sclerotization of the cross-fold in the FW Rs 
extends beyond Rsl as far as R in the illustrated 
specimen, but not in other specimens; note the 
open areole.
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Character #H.50: Areole with Rsl/Rs2 "stalked” with Rs3/Rs4 (fore wing).

> Character state (0) 'NO'; plesiomorph.

> Character state (1) ’YES'; apomorph; moderately supported.

Description. In almost all Anthelidae the branches Rsl/Rs2 and Rs3/Rs4 arise 

separately from the discoidal cell in the fore wing, extending parallel to each other from 

their origin (Fig. 187). Only in Gephyroneura cosmia and an undescribed munychryiine 

species are Rsl/Rs2 and Rs3/Rs4 "stalked" and gradually diverge from each other (Fig. 

188).

Discussion. The "stalking" seems to be caused by a subsequent fusion of a short 

basal section of Rsl/Rs2 onto Rs3/Rs4, which ends well before the fork in both 

branches.

Both branches Rsl/Rs2 and Rs3/Rs4 arise separately from the discoidal cell and 

extend parallel to each other in most Anthelidae and other families of the bombycoid 

complex (e.g., Carthaeidae (Fig. 195), Sphingidae, some Brahmaeidae). Further, this 

condition is indicated in the developing wing of Anthela astata. Therefore I interpret 

character state (1) as apomorphic.

Summary. The only partial fusion of the two branches is unique in the context of the 

very specific arrangement of veins (as described in characters #H.47, #H.48), but is 

otherwise a rather simple modification. Much more extensive ("entire") and thereby less 

distinct fusions of these branches are common in other Lepidoptera (e.g., many 

Noctuoidea). Therefore I consider my hypothesis of homology to be moderately 

supported.
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7 'C uA 2
/ C u P
1A+2A

1A+2A1

Fig. 187: Anthela ferruginosa (Anthelidae),
S ,  wing venation scheme -  FW Rs branches 
Rsl/Rs2 (red) and Rs3/Rs4 (blue) arise 
separately from the discoidal cell and form the 
long edges of the areole.

CuA1

CuA2

1A+2A

CuA2

1A+2A

Fig. 188: Munychryiinae n. sp. (Anthelidae), S , wing 
venation scheme -  FW Rs branches Rsl/Rs2 (red) 
and Rs3/Rs4 (blue) are stalked from the upper distal 
comer of the discoidal cell and form the long edges of 
the shortened areole.
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Character #H.51: Rs fused, with Rsl branching off most distally (fore wing).

> Character state (0) 'NO'; plesiomorph.

> Character state (1) 'YES'; apomorph; very poorly supported.

Description. The radial sector of the fore wing with a distal fork in the Rsl/Rs2 

branch (character #H.46) is largely fused in a number of families in the bombycoid 

complex. In these taxa the branches Rsl/Rs2 and Rs3/Rs4 are entirely fused with each 

other, which results in an appearance of "stalked" Rs branches, with Rsl seemingly 

branching off most distally (Fig. 192).

Discussion. Minet (1994) proposed a similar character for this arrangement, namely 

"fore wing venation with Rsl + Rs2 closely parallel to branch Rs3 + Rs4 (in 

Carthaeidae and Sphingidae), or even fused to it (in the remaining Bombycoidea)" 

(Minet 1994: 70). This definition includes the "stalking" present in many Bombycidae 

(see character #H.46), which differs from all other "stalkings" in the bombycoid 

complex by Rsl seemingly branching off most proximally, rather than distally (Fig. 

190). This, as well as the partly separate condition of the two branches in some 

Apatelodinae (Fig. 189), indicates a fusion of the two branches in an arrangement, in 

which the fork in Rsl/Rs2 is located proximally of the fork in Rs3/Rs4. Consequently, 

the fusion of the two branches in these Bombycidae does not seem to be homologous 

with the fusion found in many other families of the bombycoid complex. In the 

subfamily Prismostictinae the Rs branches are entirely fused, too, but with the fork in 

Rsl/Rs2 being more distal than the one in Rs3/Rs4 (Fig. 191), which is similar to but 

not identical with the condition present in other families of the bombycoid complex. 

The interpretation of these differences is difficult as the monophyly of Bombycidae 

sensu Minet (1994) is not convincingly supported.

In the family Brahmaeidae the branches are fused entirely in the genera Dactyloceras 

and Acanthobrahmaea. However, the branches are only stalked in the genera Brahmaea 

and Brahmophthalma. This condition is not identical with the entirely separated 

branches and could have originated from a partial fusion of the separate branches or 

from a partial split-back of the fused branches. An examination of the pupal tracheation 

might clarify the origin of the stalked condition, but at present I cannot decide between 

the two possible origins on a structural basis. Therefore, I cannot assign a character state 

to the hypothetical ground plan of the family Brahmaeidae.
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Further, Minet's character definition implies the fused condition to be a subsequent 

modification of the Rs branches being "closely parallel", with "closely parallel" being 

the common denominator. How close the branch Rsl/Rs2 has to be to Rs3/Rs4 to 

qualify for being "closely parallel" was not specified (Minet (1994: 70) considered the 

arrangement in Anthelidae to be more "widely separated"). In any case, the proximity of 

these veins alone is a very poor indication of homology. Assuming that the fused 

conditions have separately originated from closely approximated branches only weakens 

this hypothesis of homology further.

The primary split in the radial sector results in the separation of the two branches 

Rsl/Rs2 and Rs3/Rs4, as present in a number of families of the bombycoid complex but 

not in any anthelid species. The fusion of these branches is a subsequent modification, 

which is why I interpret character state (1) as apomorphic.

Summary. The fusion of these branches is entire and rather unspecific. It is further 

obscured by the "loss" of one (or more) of the radial branches in a number of taxa (e.g., 

most Eupterotidae and Satumiidae, many Lemoniidae (Figs 193, 194)). The convergent 

occurrence of a fusion in Bombycidae (and potentially some Brahmaeidae) and the 

frequent occurrence of such fusions outside the bombycoid complex argue for a general 

tendency to fuse these branches. Therefore I regard my hypothesis of homology as very 

poorly supported.

- 2 4 4 -



III.4.2) Character analyses of wing-related characters

/ M 3
*fcuA1

'CuA2
1A+2A

Fig. 189: Olceclostera sp. (Bombycidae: 
Apatelodinae), S , wing venation scheme [redrawn 
after da Costa Lima (1959: 282: Fig. 233)] -  FW 
Rs branches Rsl/Rs2 (red) and Rs3/Rs4 (blue) 
partly fused, with most distal fork in Rs3/Rs4.

'CuA1

(CuA2

1 A + 2 A

.Sc+R

CuA2
1A+2A

Fig. 191: Prismosticta sp. (Bombycidae: 
Prismostictinae), wing venation scheme -  FW 
Rs branches Rsl/Rs2 (red) and Rs3/Rs4 (blue) 
entirely fused, with most distal fork in Rsl/Rs2.

'CuA2

,Sc+R

fcuA1

CuA2

1A+2A

Fig. 190: Bombyx huttoni (Bombycidae: 
Bombycinae), o, wing venation scheme [redrawn 
after Lemaire & Minet ([1998]: 332: Fig. 18.3C)] 
-  FW Rs branches Rsl/Rs2 (red) and Rs3/Rs4 
(blue) entirely fused, with most distal fork in 
Rs3/Rs4.

CuA2

1 A + 2 A

Sc+R

CuA21A+2A

Fig. 192: Phial a costipuncta (Eupterotidae), 
wing venation scheme [redrawn after Aurivillius 
(1901: 15, Fig. 10)] -  FW Rs branches Rsl/Rs2 
(red) and Rs3/Rs4 (blue) entirely fused, with most 
distal fork in Rsl/Rs2.
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Fig. 193: Lemonia dnmi (Lemoniidae), S ,  wing 
venation scheme [redrawn after Hampson (1901: 
189)] -  FW Rs branches Rsl/Rs2 (red) and 
Rs3/Rs4 (blue) entirely fused, with most distal 
fork in Rsl/Rs2.

CuA2

1A+2A

jSc+R

CuA1
CuA2

1A+2A

Fig. 194: Lemonia sardanapalus (Lemoniidae),
S, wing venation scheme [redrawn after Hampson 
(1901: 188)] -  FW Rs branches Rsl/Rs2 (red) 
and Rs3/Rs4 (blue) entirely fused, with no fork in 
Rsl/Rs2 (the fork is probably displaced as far 
distad as the edge of the wing).
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Character #H.52: Anal loop of 1A+2A about half as long as length of 1A+2A (fore 

wing).

> Character state (0) ’NO'; plesiomorph.

> Character state (1) 'YES'; apomorph; poorly supported.

Description. The anal veins 1A and 2A of the adult fore wing appear either to be 

separate or form a short, basal fork. In the small families Endromidae and Mirinidae this 

fork is unusually long, extending to about half the length of the anal veins.

Discussion. The long anal loop seems to be unique to Endromidae and Mirinidae, 

which is why I interpret character state (1) as apomorphic.

Summary. The length of the anal loop is significantly different from the typical 

lengths of anal loops in other Lepidoptera and a seemingly unique modification. 

Nevertheless, any differences in length are very simple modifications only. Therefore I 

regard my hypothesis of homology as poorly supported.

1A+2A

2A1A

CuA1

'CuA2

1A+2A

Fig. 195: Carthaea saturnioides (Carthaeidae), Fig. 196: Mirina christophi (Mirinidae), <$, wing 
S , wing venation scheme [redrawn after Common venation scheme [redrawn after Lemaire & Minet
(1966: 30, Fig. 1)] -  the loop in the anal vein ([1998]: 339: Fig. 18.5F)] -  the loop in the anal
1A+2A of the FW does not extend to about the vein 1A+2A in the FW extends to about the
middle of this vein; note the separate Rsl/Rs2 and middle of this vein.
Rs3/Rs4 branches in the FW.
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Character #H.53: Termen with a subapical protrusion (fore wing).

> Character state (0) 'NO*; plesiomorph.

> Character state (1) ’YES'; apomorph; very poorly supported.

Introduction. The shape of the wing is extremely variable, and obviously similar

shapes have evolved many times. This is also true for the termen (distal edge) of the fore 

wing, which can have any shape from concave to convex. In Anthelidae the termen is 

always convex, and the subapical part is either smooth or weakly crenulate, but not 

forming a protrusion. The only exceptions are Chenuala heliaspis and an undescribed 

antheline species from northern Queensland, which possibly belongs to the genus 

Chenuala.

Description. In these two species the termen forms a subapical protrusion, which has 

its angular point at the vein Ml in C. heliaspis, but at vein M2 in the undescribed 

antheline species.

Discussion. Relative to the length of the termen the position is about the same in the 

two anthelid species, but relative to the veins this location differs slightly between them, 

which might be due to differences in the overall proportions of the wing.

Within the Anthelidae the subapical protrusion of the termen is unique to the 

aforementioned two species. However, subapical protrusions are occasionally present in 

other Lepidoptera, e.g., Bombycidae (Figs 189, 190, 191). In most cases it is not 

possible to decide about the homology or non-homology of these protrusions, which is 

why it is not possible to determine the polarity of this character based on an outgroup 

comparison. Hence, I only assume character state (1) to be apomorphic, based on the 

absence of a subapical protrusion in all other Anthelidae and in largely plesiomorphic 

taxa of the bombycoid complex.

Summary. The subapical protrusion of the termen has no indications of homology 

other than its extent and location. Given the slight difference in location and the lack of 

other indications of homology, I regard my hypothesis of homology as very poorly 

supported.
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CuA1

CuA2

CuA2

1A+2A

.Sc+R

CuA1

CuA2CuA2

1 A + 2 A 1A+2A

Fig. 197: Chenuala heliaspis (Anthelidae), <$, Fig. 198: Antheline n. sp. (Anthelidae), S , wing
wing venation scheme -  fore wing termen with a venation scheme -  fore wing termen with a
subapical protrusion at Ml; note the distinctly subapical protrusion at M2; note the distinctly
more distal position of the fork in the FW Rs more distal position of the fork in the FW Rs
branch Rsl/Rs2 compared to the one in Rs3/Rs4. branch Rsl/Rs2 compared to the one in Rs3/Rs4.
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Character #H.54: Female apterous.

> Character state (0) ’NO’; plesiomorph.

> Character state (1) 'YES’; apomorph; very poorly supported.

Description. In the anthelid genus Pterolocera the females have entirely reduced 

wings (Fig. 200), while the males have very well developed wings (Fig. 199).

Discussion. Undoubtedly, this loss of wings has a strong influence on the ecology of 

these species, in particular on their ability to disperse and to choose host plants as 

adults.

The female of the anthelid species Omphaliodes obscura is still unknown. As male 

specimens of this species are frequently collected at lights, it seems likely that the 

female is apterous.

The loss of wings in one gender is obviously a modification, which is why I interpret 

character state (1) as apomorphic.

Summary. As extreme as the loss of wings might appear, it is nevertheless only a 

loss, which does not provide any indications of its homology other than its restriction to 

females only. However, such a loss of wings is typically restricted to females, and 

apterous females occur occasionally in many lepidopteran families (Sattler 1991), 

including the bombycoid families Lasiocampidae (e.g., Chondrostega) and Eupterotidae 

(R. Oberprieler, ANIC, pers. comm.). Therefore I consider my hypothesis of homology 

as at best very poorly supported.

Fig. 199: Pterolocera sp. (Anthelidae), S  -  males Fig. 200: Pterolocera sp. (Anthelidae), $ -  
are fully winged; note the large antennae. females are wingless (apterous).
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III.5) T he adult head

The adult head of Lepidoptera is generally rich in rather complex structures, which 

are involved in orientation and feeding. In Anthelidae, as well as many other families, 

the emergence of females with fully developed eggs, and the rapid mating and 

oviposition result in a shortened adult lifespan without the need to feed, which is linked 

to a strong reduction or loss of many of the complex structures on the head. While a 

shortened lifespan does not require extensive feeding, the location of a mate has to be 

achieved more efficiently. In the bombycoid complex it is the male that searches 

actively for females. Not surprisingly, the sensory structures required for this task, the 

antennae, are very well developed in males. The correlation between a shortened adult 

lifespan, loss of feeding behaviour, reduction of mouthparts and strong development of 

antennae can be observed in many lepidopteran families. Consequently, many 

modifications of similar appearance have evolved convergently, e.g., the loss of the 

proboscis, maxillary palpi and pilifer bristles, or the development of lateral outgrowths 

(rami) of the antenna.

In the Anthelidae only the genus Munychiyia retains a well developed proboscis and 

structures associated with it, namely a one-segmented maxillary palpus and well 

developed pilifer bristles. However, no feeding behaviour has yet been observed for 

Munychiyia. In all other Anthelidae, including other Munychryiinae, these structures are 

very strongly reduced or lost. Anthelidae never have a median protrusion on the frons, 

ocelli, chaetosemata or a chaetosema-like sense organ on the labial palpus. Their labial 

palpi are three-segmented, upturned and fully scaled. Their compound eyes are large and 

without interommatidial setae, except for Chelepteryx chalepteryx (but not C. collesi), 

in which only the dorsal two-thirds of the eye have some interommatidial setae in both 

sexes. The antennae are very well developed and dorsally scaled to the apex. The 

antennal flagellum consists of about 50-55 segments, which each have a single pair of 

latero-ventrally protruding rami (the antenna appears "bipectinate") as well as a median, 

ventral protrusion with a ventro-distal sensory structure (the antenna appears 

"tripectinate"; character #H.55). The bipectinate, unipectinate, serrate or filiform 

antennae of female Anthelidae are merely stages of reduction of the tripectinate 

condition present in males. The antenna is tripectinate to the apex, with the size of the 

rami increasing gradually towards the apex of the antenna. The relative length of the
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antenna as well as of the rami varies greatly between species. While certain taxa are 

characterized by particularly long rami, e.g., the genus Pterolocera, morphometric 

differences in size are very poor indications of homology, and in the case of Anthelidae 

a continuous range of antenna and ramus lengths seems to exist. Further, the length of 

rami is difficult to measure in dried specimens as the dried rami tend to curve or curl 

inwards. Therefore I did not use morphometric data of the antennae as characters for my 

phylogenetic hypotheses.

The different antennal structures in the bombycoid complex are discussed in the next 

section, followed by the character analyses of adult head-related characters.
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III.5.1) The male antennal flagellum structure of the 

bombycoid complex
As in other Lepidoptera the antenna of the bombycoid complex seems to be mainly 

an organ for olfaction, but certainly has various other functions as well. Its flagellum 

consists of a series of segments (flagellomeres), which carry numerous sensilla of 

various types. These sensilla are mainly located on the ventral to latero-ventral side of 

the segments, while the dorsal to dorso-lateral side is typically scaled. As in many other 

Lepidoptera the sensory ventral surface of each segment is enlarged by a pair of latero- 

ventral extensions, the rami. These rami are tubular, hollow outgrowths near the anterior 

end of the segment (Fig. 201). They are not articulated to the antennal segment and carry 

a large number of long, sensory setae on their mesal side, which, based on appearance, 

have generally been classified as sensillum trichodeum, sensillum basiconicum and 

sensillum chaeticum in Lepidoptera (e.g., Hallberg et a!. 2003). Less prominent and 

rarer sensilla on the ventro-median part of each flagellomere are sensillum 

coeloconicum, sensillum styloconicum and sensillum squamiformium (a sensory scale). 

Sensilla auricillica (Fig. 202) have occasionally been recorded for Lepidoptera, too (e.g., 

Faucheux 1985; Shields & Hildebrandt 1999a, b).

The flagellum of males is typically much more developed than that of females (the 

Mimallonidae are an exception, with equally well developed antennae in both sexes), 

which appear to be reduced forms of the male flagellum. Hence, in this and the 

following sections I discuss the structurally more diverse male flagellum only.

A sensillum styloconicum is located ventro-medially at the distal end of each 

flagellomere, pointing ventro-distad (Fig. 203). This arrangement can be found in 

Zygaenoidea (Bodine 1896: PI. IV, Fig. 43), Pyraloidea (e.g., Bodine 1896: PI. Ill, Fig. 

21 & PI. IV, Fig. 45; Nuss 1999: 121, Fig. 29), Macrolepidoptera and possibly also in 

other Lepidoptera. A sensillum styloconicum consists of a poreless peg, which is 

situated in the tip of a conical, sclerotized protrusion (Fig. 204). According to Hallberg 

et al. (2003: 273), just a single sensillum styloconicum is located at the distal edge of 

each flagellomere in most taxa. Lee and Strausfeld (1990) described a modification of 

such a sensillum styloconicum for Manduca sexta (Sphingidae), in which 3-6 sensilla 

styloconica are united within one sclerotized protrusion and fused with each other. They
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referred to this "unique" modification as the "styliform sensillum complex" (Fig. 205). 

However, already one century earlier such sclerotized cones with multiple pegs were 

described and illustrated by Bodine (1896: 10; PI. Ill, Fig. 21 & PI. IV, Fig. 45). He 

illustrated a styliform sensillum complex for Megalopygidae (Zygaenoidea) and 

Geometridae (Geometroidea). In addition I observed a styliform sensillum complex in 

Oenosandra boisduvalii (Noctuoidea: Oenosandridae; Fig. 206) and most families of the 

bombycoid complex as well: Andraca n. sp. (Bombycidae), Carthaea satumioides 

(Carthaeidae), Smerinthus jamaicensis (Sphingidae), Periga sp. (Saturniidae), 

Pterolocera sp. (Anthelidae), Ganisa plana (Eupterotidae), Brahmophthalma hearseyi 

(Brahmaeidae) and Lemonia taraxaci (Lemoniidae). In these taxa the number of pegs 

varies between flagellomeres of one specimen, as does their degree of fusion. Most taxa 

have 3-6 fused pegs within one sclerotized protrusion, but in the Andraca n. sp. I 

observed no more than two pegs.

The styliform sensillum complex located at the ventro-distal edge of flagellomeres is 

likely to be significant for hypotheses regarding the higher phylogeny of Lepidoptera. 

However, as it has been recorded only very rarely and incompletely so far, no 

conclusions can be drawn at this point and much more comprehensive examinations 

with a SEM are required. The sparse data merely show that this structure is not a 

synapomorphy of Noctuoidea and the bombycoid complex, as might appear from my 

own observations and modem literature alone.

In most families of the bombycoid complex the median ventral part of a flagellomere 

has been modified. This ventral area forms a ventro-median process, which carries the 

styliform sensillum complex at its apex (Figs 207, 208, 209; character #H.55). This 

process is further characterised by the occurrence and distribution of sensilla 

coeloconica on it. In species without such a process, sensilla coeloconica are "usually 

located on the mid-ventral part" of a flagellomere (Hallberg et al., 2003: 272) and are 

low in numbers -  the largest number I observed were up to seven, mainly near the distal 

flagellomere edge in Hypsidia niphosema (Drepanoidea: Drepanidae; Fig. 210). In 

contrast, the distal and lateral sides of the ventro-median process present in many 

families of the bombycoid complex are covered in sensilla coeloconica (Figs 211, 212, 

213). Depending on the size of the process, they can number more than 30 (e.g., Ganisa 

plana (Eupterotidae) and Periga sp. (Saturniidae)). Unlike the distal and lateral sides,
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the proximal side of the process does not carry any sensilla coeloconica, but sensory 

setae only (Fig. 214).

The ventro-median process is often very prominent, in which case the antenna 

appears to be tripectinate -  the flagellomeres have a large ventro-median process and a 

pair of lateral rami (Fig. 215). The size of the process is very variable and differs not 

only between species, but between flagellomeres, too. Very often the size of a process 

increases the further distally a flagellomere is located. In species with a "simple" 

antenna apex (e.g., many Bombycidae) the apical rami are lost and the ventral process 

might be the only protrusion (Fig. 216).

However, in the majority of species this ventro-median process is not prominent or 

even reduced to a rather shallow protrusion with an apical styliform sensillum complex 

(Fig. 217). Various stages of reductions occur, in particular in female antennae. In 

Anthelidae the rami and ventro-median processes of some females are simply strongly 

shortened, resulting in a weakly tripectinate antenna. In other species the female antenna 

is bipectinate as the ventro-median process is entirely lost. Others have a "serrate" 

antenna, with the lateral rami lost and only the ventro-median process remaining. If this 

process is lost, too, the antenna appears to be filiform. I did not use these reductions as 

characters in my phylogenetic analyses, because a tendency towards a reduction of the 

pectination in females is almost universal in Lepidoptera (few exceptions exist, e.g., in 

the family Mimallonidae).

Shallow ventro-median protrusions to short processes have occasionally evolved in 

non-bombycoid taxa, too (Fig. 248). Superficially they resemble the processes of the 

bombycoid complex (in particular subsequently reduced processes), but they differ in 

details, which argues against a homology of these structures. In O. boisduvalii 

(Noctuoidea: Oenosandridae) a very short and laterally dilated process is present on 

apical flagellomeres, but it lacks any sensilla coeloconica (Fig. 206). A ventro-median 

protrusion of a totally different type is present in the genus Trictena (Hepialoidea: 

Hepialidae; Fig. 218).

-  255 -



III.5.1) The male antennal flagellum structure of the bombycoid complex

Fig. 201: Anthela adriana (Anthelidae), flagellomeres at basal third of S  antenna [rami on right side 
removed], latero-ventral view (top left = distal) -  the flagellomeres are dorsally scaled and ventrally 
carry many s. trichodea; the flagellomeres form ventro-laterally a single pair of hollow rami near their 
proximal edge and a ventro-median process, which is reduced to a shallow protrusion in this species.

Fig. 202: Carthaea saturnioides (Carthaeidae), ventro-median process of a flagellomere at apex of S  
antenna, latero-distal view (top = ventral) -  sensilla auricillica on ventro-median process.
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Fig. 203: Bathyphlebia eminens (Satumiidae), flagellomeres at distal third of $  antenna, ventral view 
(right = distal) -  the antennal flagellomeres carry a median stylifonn sensillum complex at their distal 
edge.

Fig. 204: Entometa sp. (Lasiocampidae), ramus apex at middle of S  antenna, distal view (left = 
ventral) — the apex of an antennal ramus carries a sensillum stylifonnium with a single peg.
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III.5.1) The male antennal flagellum structure of the bombycoid complex

Fig. 205: Periga sp. (Satumiidae), apex of ventro-median process of a flagellomere at distal fifth of <$ 
antenna, latero-ventral view (bottom = distal) -  a styliform sensillum complex with five pegs is located 
at the apex of the ventro-median process of a flagellomere.

Fig. 206: Oenosandra boisduvalii (Oenosandridae), apex of ventro-median process of a flagellomere at 
apex of S  antenna, ventro-distal view (top = ventral) -  a styliform sensillum complex with five pegs 
(yellow arrow) is located at the apex of the ventro-median process of a flagellomere.
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III.5.1) The male antennal flagellum structure of the bombycoid complex

Fig. 207: Brahmophthalma hearseyi (Brahmaeidae), flagellomeres at distal third of S  antenna [some 
rami on right side removed], ventro-lateral view (top left = distal) -  a ventro-median process with a 
stylifonn sensillum complex at its apex is located between the rami of each flagellomere.

Fig. 208: Brahmophthalma hearseyi (Brahmaeidae), ventro-median process of a flagellomere at distal 
third of S  antenna [right ramus removed], ventro-lateral view (top left = distal) -  the ventro-median 
process carries a styliform sensillum complex at its apex.
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III.5.1) The male antennal flagellum structure of the bombycoid complex

Fig. 209: Brahmophthalma hearseyi (Brahmaeidae), styliform sensillum complex at apex of a ventro- 
median process of a flagellomere at distal third of S  antenna, ventro-lateral view (top left = distal) -  
the styliform sensillum complex has four fused pegs.
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III.5.1) The male antennal flagellum structure of the bombycoid complex

Fig. 210: Hypsidia niphosema (Drepanidae), apex of & antenna, ventral view -  a small group of 
sensilla coeloconica is located at the distal edge of the ventral side of a flagellomere.

Fig. 211: Periga sp. (Satumiidae), ventral process of a flagellomere at distal fith of <$ antenna, lateral 
view (bottom right = distal; top right = ventral) -  the ventro-median process has a lateral field with 
numerous s. coeloconica (dark openings) and an apical styliform sensillum complex.
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III.5.1) The male antennal flagellum structure of the bombycoid complex

Fig. 212: Anthela astata (Anthelidae), ventro-median process of a flagellomere at distal fourth of S  
antenna, latero-distal view (bottom left = distal; top = ventral) -  the sensillum coeloconicum on a 
ventro-median process has a single peg surrounded by cuticular protrusions.
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III.5.1) The male antennal flagellum structure of the bombycoid complex

Fig. 213: Pterolocera sp. (Anthelidae), flagellomeres at middle of S antenna, ventro-distal view 
(bottom = distal) -  the ventro-median processes of each flagellomere has a distal and lateral fields with 
numerous sensilla coeloconica (dark openings) and an apical styliform sensillum complex.

Fig. 214: Pterolocera sp. (Anthelidae), ventro-median process of a flagellomere at middle of ß  
antenna, ventro-proximal view (top = distal) -  the proximal side of the ventro-median process carries 
sensory setae, but no sensilla coeloconica.
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III.5.1) The male antennal flagellum structure of the bombycoid complex

Fig. 215: Pterolocera sp. (Anthelidae), antenna, ventral view (left = distal) -  the flagellomeres of a 
"tripectinate" antenna have a pair of lateral rami and a very prominent ventro-median process.

Fig. 216: Andraca n. sp. (Bombycidae), apex of <$ antenna, ventro-lateral view (top = ventral) -  the 
lateral rami decrease and the ventro-median processes increase in size towards the antennal apex.
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III.5.1) The male antennal flagellum structure of the bombycoid complex

Fig. 217: Anthela astata (Anthelidae), flagellomere at distal fourth of S  antenna [one ramus removed], 
lateral view (bottom left = distal; top left = ventral) -  the ventro-median process is reduced.

Fig. 218: Trictena arg\>rosticha (Hepialidae), flagellomere at basal fifth of broken antenna, distal 
view (top left = ventral) -  a ventro-median protrusion fonns three processes, which are unlikely to be 
homologous with the rami and the ventro-median process of the bombycoid complex.
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III.5.1.A) The principal flagellum structure of the Sphingidae

III.5.1.A) The principal flagellum structure of the Sphingidae
As described for Manduca sexta (Sphingidae) by Sanes and Hildebrand (1976), Lee 

and Strausfeld (1990), and Shields and Hildebrand (1999a, b), the sphingid antenna 

differs in its orientation from that of most other Lepidoptera. In this family the scaled, 

dorsal side faces posteriad, while the sensory ventral side faces anteriad -  against the 

flow of air during flight. The latter two studies distinguish a "leading edge" (= ventral 

side of other taxa) versus dorsal and ventral sides, but for easier comparison I use terms 

like dorsal and ventral in the following sections as if the antenna of Sphingidae was in 

the orientation typical for most Lepidoptera, with the sensory side facing ventrad.

The flagellum of the Sphingidae is a modification of the "tripectinate" antenna, 

which is most apparent in the subfamily Smerinthinae. The typical sphingid flagellum 

has been described as "prismatic" (e.g., Rothschild & Jordan 1903) or "lamellate 

ventrally" (Lemaire & Minet [1998]). These terms relate to the most prominent part of a 

sphingid flagellomere, a very large ventro-median process. In Sphingidae this process 

tends to extend over the entire length of the flagellomere and is very tall (Fig. 219). As 

typical for the ventro-median process of the bombycoid complex, it carries numerous 

sensilla coeloconica on its lateral sides and disto-apically a styliform sensillum complex. 

Unlike the process in other families of the bombycoid complex, however, the distal side 

of the process does not carry sensilla coeloconica (or any other sensilla) in the species I 

examined (Smerinthus spp.), possibly due to the extremely close proximity of these 

processes caused by their huge size (Fig. 220). This blade-shaped ventro-median process 

is laterally covered with sensory setae (small sensilla trichodea, sensilla chaetica and 

sensilla basiconica), but its proximal and distal lateral edges are fringed by a row of 

particularly long setae (sensilla trichodea) (Fig. 219). The very long sensilla trichodea of 

the lateral edges curve towards the sensilla trichodea of the opposite edge (Fig. 221). 

These fringes of setae extend over the lateral side of the ventro-median process onto the 

lateral side of the actual flagellomere "body", where they unite dorsally in an arc just 

ventrally of a protruding edge (Fig. 219). This protruding edge marks the end of the 

scaled, dorsal side of the flagellomere and might be a remnant of a reduced ramus.

Apart from proportional differences and reductions, this principal structure of the 

flagellum is rather constant. Only a few species with "odd" modifications exist in the 

subfamily Smerinthinae, most of which were already examined by Rothschild and 

Jordan (1903) and later mentioned by Kitching and Cadiou (2000). In the Central
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III.5.1.A) The principal flagellum structure of the Sphingidae 

American Monarda oiyx the proximal and distal setose, lateral edges of the ventro- 

median process are extended and form two pairs of protrusions, which resemble rami. 

Unlike rami in other taxa, their sensory setae are not restricted to the ventral side, but 

run along the ventral and dorsal edge of this protrusion. Such a modification has been 

illustrated for Amorpha juglandis, too (Rothschild & Jordan 1903: PI. LXI, Figs 3-5, as 

Cressonia juglandis). These antennae resemble the quadripectinate antennae of 

Satumiidae, particularly so because of the very long setae of proximal and distal rami of 

each flagellomere, which curve towards each other, and because of the arrangement of 

these setae around the outer edge of the "fake rami". Unlike in Satumiidae, the "fake 

rami" of M. oiyx originate from the ventro-median process and not from the lateral side 

of the actual flagellomere "body". Based on structural differences, I do not regard the 

"quadripectinate" condition in those two sphingid species to be homologous with the 

quadripectinate condition present in most Satumiidae.

A different modification is present in the North American species Smerinthus 

jamaicensis, but in none of the other Smerinthus species. In this species the dorso-lateral 

protmsion of the flagellomere is very well developed and forms an unsealed ramus (Figs 

222, 223). The arrangement of sensory setae on the mesal side of the ramus (Fig. 224) 

resembles the arrangement of setae present in other taxa of the bombycoid complex 

(Fig. 225). Two other species with rami were illustrated by Rothschild and Jordan 

(1903: PI. LX, Figs 27-29), namely Ceridia mira and Sphingonaepiopsis obscurus.

The South African Xenosphingia jansei is another sphingid species with rami. Its 

flagellum does not differ from the typical tripectinate flagellum of other taxa in the 

bombycoid complex, except for the rami to be entirely scaled dorsally. Its flagellomeres 

have a single pair of well developed rami and a relatively slender, long, ventro-median 

process. As typical for Lepidoptera, the scaled side of the antenna faces dorsad, rather 

than posteriad as in other Sphingidae. The scales on the dorsal side of the rami indicate 

that these rami include parts of the scaled dorsal side of the flagellomere. Only the 

imago of X  jansei is known from a few specimens, and its current placement in the 

family Sphingidae seems to be based on general appearance and wing venation only. 

This species differs further from all known Sphingidae by a modification of the labial 

palpus. Kitching and Cadiou (2000: 2) listed the monotypic genus Xenosphingia as an 

example for the occurrence of short labial palpi in Smerinthini, but the opposite is the 

case. As already pointed out and illustrated in the original description and definition of
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III.5.1.A) The principal flagellum structure of the Sphingidae 

the genus by Jordan (1920: 168-169), X  jcmsei has prominent labial palpi with a very 

long third segment. Further, this third segment protrudes laterad due to a laterad curving 

of the second segment. In both length and lateral protrusion this third segment of the 

labial palpus differs from that of all other known Sphingidae. Within the bombycoid 

complex a long third segment occurs only in the monotypic Carthaeidae in Australia, 

but the second segment is not curved laterad in this taxon. While "typical" Sphingidae 

are very distinct, the autapomorphies proposed for the family Sphingidae by Lemaire 

and Minet ([1998]) are not as "unique" as desirable, and the placement of X. jcmsei in 

the Sphingidae should be re-examined, as already pointed out by Oberprieler and Duke 

(1994).

If one accepts the monophyly of the Sphingidae and Satumiidae, the rami in S. 

jamaicensis, C. mir a, S. obscurus and X. jansei could be "remnants", which are lost in 

all other Sphingidae. In this case all other Sphingidae, including congeneric species, 

would form a monophylum supported by a modification of the sensory area of the 

antenna (see character H.56), and this modification would have to have evolved 

independently in Satumiidae, too. However, I have no reasons to doubt the monophyly 

of the genus Smerinthus, which includes a single species with and other species without 

rami. Further, such a monophylum of all other Sphingidae would not be compatible with 

the current subfamily and tribal classification of Sphingidae (e.g., Kitching & Cadiou 

2000). Therefore, I reject the interpretation that the rami of the aforementioned sphingid 

species are "remnants" and homologous with the rami found in other Macrolepidoptera. 

Instead, I regard these rami as convergent developments, which possibly represent 

"reversals". The striking similarity between these "rami" and the rami of other 

Macrolepidoptera questions to some extend the homology of rami within Lepidoptera. 

Obviously, antennal outgrowths other than the rami in Macrolepidoptera did evolve 

(e.g., in Hepialidae, Fig. 218), and while the usage of the term rami implies homology, 

no detailed studies in support of this assumption have been published.
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Fig. 219: Smerinthus cerisyi (Sphingidae), flagellomeres at middle of S  antenna, lateral view (bottom 
= distal; right = ventral) -  the flagellomere has a very large ventro-median process, which extends over 
the entire length of the flagellomere; its proximal and distal rows of s. trichodea unite in an arc 
ventrally of a laterally protruding edge.
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III.5.1. A) The principal flagellum structure of the Sphingidae

Fig. 220: Smerinthus cerisyi (Sphingidae), ventro-median process of a flagellomere at middle of <$ 
antenna, distal view (top = ventral) -  the very large ventro-median process carries no sensilla on its 
distal side.

Fig. 221: Smerinthus cerisyi (Sphingidae), flagellomeres at middle of S  antenna, ventral view, (bottom 
= distal) -  each flagellomere has laterally a proximal and a distal row of very long sensilla chaetica, 
which curve towards each other.
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III.5.1.A) The principal flagellum structure of the Sphingidae

Fig. 222: Smerinthusjamaicensis (Sphingidae), basal fourth of <$ antenna [some rami are partly broken 
off on one side], lateral view (right = distal; top = ventral) -  each flagellomere has a single pair of 
lateral rami and a very large ventro-median process (both decreasing in size towards the antennal base).
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Fig. 223: Smerinthus jamaicensis (Sphingidae), ventro-median processes of flagellomeres at distal 
fourth of : antenna, lateral view (left = distal; top = ventral) — each flagellomere forms a very large 
ventro-median process, which carries sensilla coeloconica laterally.
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III.5.1.A) The principal flagellum structure of the Sphingidae

Fig. 224: Smerinthus jamaicensis (Sphingidae), ramus at middle of <$ antenna, mesal view (left = 
distal; top = ventral) -  the sensilla trichodea (and s. basiconica) on the mesal side of the ramus are 
arranged in groups similar to the arrangement in other taxa of the bombycoid complex.

Fig. 225: Munychryia senicu/a (Anthelidae), rami at middle of S  antenna, mesal view (top right = 
distal; top left = ventral) -  the sensilla trichodea and s. basiconica on the mesal side of each ramus are 
arranged in a rather complex pattern of groups.
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III.5.1.B) The principal flagellum structure of the Saturniidae
Like Sphingidae, Saturniidae have an antenna with a modified orientation, in which 

the sensory ventral side faces (ventro-) anteriad in the active moth (Figs 226, 227). As 

above, I use terms like dorsal and ventral in the following sections as if the antenna of 

Satumiidae was in the orientation typical for most Lepidoptera, with the sensory side 

facing ventrad.

The "typical" antenna of Satumiidae is a highly derived structure, which is broad, 

flat, quadripectinate and without dorsal scales (Fig. 228). Its flagellomeres have a rather 

shallow, ventro-median process over the entire flagellomere length (larger at the apical 

segments), and the rami originate on the latero-dorsal to dorsal side (Fig. 230). These 

dorsal rami are directed dorso-laterad at the base but then curve slightly ventrad, which 

results in an orientation of opposite rami in one plane -  the antenna appears to be "flat". 

Further, these two rami pairs originate directly at the proximal and distal edges of a 

flagellomere, respectively (Fig. 229), rather than like a single rami pair at a distance 

from the proximal edge (Figs 248, 249). As in other Lepidoptera these rami carry very 

long sensilla trichodea, but not only on their ventral side (Fig. 233), but as a continuous 

row along their ventral and dorsal sides (Fig. 231). The dorsal part of this row of sensilla 

of the proximal and distal rami of a flagellomere extends onto the dorsal side of the 

flagellomere "body", where the two rows unite in an arc in the middle. These two rami 

pairs of a flagellomere are dorsally slightly tilted against each other, which, together 

with the curving of their sensilla trichodea, results in a very characteristic pattern in 

lateral view: on the dorsal side the sensilla of the proximal and the distal rami of one 

flagellomere are closest together, while on the ventral side the sensilla of the distal and 

of the proximal rami of two neighbouring flagellomeres are closest together (Fig. 232). 

This arrangement of sensilla trichodea in "weirs", which alternately open ventrally and 

dorsally (anteriad and posteriad in situ), is likely to be a highly efficient filter for female 

pheromone molecules.

This unique, structurally very complex quadripectinate antenna allows for a very well 

supported hypothesis of homology and would have been proposed as an autapomorphy 

of the family Satumiidae [sensu Draudt (1929-1930), re-established by Minet (1994): 

including Oxyteninae and Cercophaninae], if it was not for a number of exceptional
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taxa. These taxa have bipectinate antennae and belong to the Oxyteninae, 

Cercophaninae and various Hemileucinae (e.g., Lonomia, Periga, Hemileuca and 

Dirphici), as well as to some African Satumiinae (Urotini and Decachorda of the 

Micragonini). For most, if not all, of these taxa it can be convincingly demonstrated that 

their bipectinate antennae originated from a quadripectinate antenna by a reduction of 

the distal rami. Michener (1952) described the complete transformation series retained 

in the different subgenera of the genus Dirphia (Hemileucinae). He drew attention to the 

correlation between quadripectinate antennae with an orientation of sensilla trichodea as 

described above and a gradual change to ventrally orientated rami and sensilla trichodea 

in species with reduced distal rami (Michener 1952: 358-359), seemingly "reverting" to 

the condition present in most other families of the bombycoid complex.

No such distinct transformation series is apparent in the Cercophaninae, Hemileuca 

(Hemileucinae), Urotini and Decachorda. However, their rami originate far dorsally and 

at the proximal edge of the flagellomeres, as otherwise only found in the quadripectinate 

condition. In Parusta thelxinoe (Urotini) additionally a dorsal row of sensilla trichodea 

is retained, further indicating the bipectinate condition of this species to be a reduction 

of the quadripectinate condition. These dorsal setae are typically lost in taxa with 

secondarily bipectinate antennae, and no dorsal setae occur in primarily bipectinate 

antennae. The female of Eosia ins ignis (Satumiidae: Micragonini) is exceptional for 

African Satumiidae in as far as it has bipectinate antennae, but remnants of the reduced 

distal rami are still visible (Fig. ).

The antennae of Periga (Hemileucinae; formerly treated as a subgenus of Lonomia, 

e.g., Lemaire 1973) have received much attention (e.g., Michener 1952; Lemaire 1973; 

Minet 1994; Balcäzar-Lara & Wolfe 1994). Its antennal shaft is dorsally fully scaled, 

apically with large ventro-median processes, bipectinate and with the rami originating 

from the latero-ventral side (Fig. 234). This strong resemblance of an antenna typical of 

the bombycoid complex led to speculations as to whether the antenna might be primarily 

or secondarily bipectinate. As the latero-ventral rami originate directly at the proximal 

edge of flagellomeres (Fig. 236; not the case at the apex of the antenna) and as the 

seemingly closely related genus Lonomia has dorso-laterally originating rami and 

dorsally no scales on the antennal shaft, I interpret the bipectinate condition present in 

Periga to be a subsequent modification of the quadripectinate antenna, as did Michener 

(1952), Lemaire (1973) and Minet (1994).
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A dorsally scaled, bipectinate antenna with ventrally originating and ventrally 

protruding rami is also present in all Oxyteninae. Minet (1994: 84) believed the 

Oxyteninae "... to represent the most 'primitive' lineage of the Satumiidae, since their 

male antennae have the bases of the rami directed ventrad (Fig. 5), a plesiomorphy not 

found in the other subfamilies ...". While the orientation of the rami is identical with the 

condition found in the bombycoid complex, indications exist that argue for the 

bipectinate condition to nevertheless be derived from the quadripectinate condition as in 

all other bipectinate Satumiidae. As in the quadripectinate antenna and its subsequent 

modifications, the single pair of rami originates directly from the proximal edge of the 

flagellomeres in Oxyteninae, instead of further distally. This is the case in both 

oxytenine species I examined, namely an Oxytenis species and Theriniu buckleyi (Fig. 

237). Further, the rami of T. buckleyi carry long sensilla trichodea not only on the 

ventral side, but additionally also dorsally -  a single row of strongly distad curved 

sensilla trichodea (Figs. 238, 239). No rows of sensilla trichodea are present on the 

dorsal side of a ramus in the typical antenna of the bombycoid complex, while a dorsal 

row of many such curved sensilla trichodea is part of the flagellomere structure of the 

typical quadripectinate antenna. Such dorsal sensilla trichodea are absent in the Oxytenis 

species, but I assume the absence of these sensilla in the Oxytenis species to be a 

continuation of the reduction apparent in T. buckleyi, as the close relationship between 

Oxytenis and Therinia is convincingly supported by several synapomorphies of 

caterpillars (Aiello & Balcazar-Lara 1997) and adults. The monophyly of the entire 

subfamily Oxyteninae is likewise well supported by their highly apomorphic caterpillars 

with "sticky glands" (Aiello & Balcäzar-Lara 1997), the extreme stalking of R with Rs 

in the fore wing, and to a lesser degree the lack of a claw on the tibial spurs (Minet 

1994). The significance of the dorsal sensilla trichodea are explained in more detail 

below (III.5.1.C: 283ff). On the basis of the proximal origin of the rami and the 

presence of dorsal sensilla trichodea on these rami in T. buckleyi, I conclude that the 

bipectinate antenna of the Oxyteninae is also derived from the quadripectinate antenna. 

Hence, the bipectinate antenna of the Oxyteninae does not support a sistergroup 

relationship between the Oxyteninae and all other subfamilies of the Satumiinae, as 

implied by Minet (1994: 84). Further, I propose the quadripectinate antenna not to be an 

autapomorphy of the Satumiidae "sensu stricto", but instead of the Satumiidae sensu 

Draudt (1929-1930), inclusive of Cercophaninae and Oxyteninae.
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Fig. 226: Epiphora mythimnia (Satumiidae), c , anterior 
view [courtesy of R. Oberprieler, ANIC]- the active moth 
extends the antennae transversely forward, and the sensory 
side ("ventral" in other moths) is turned upwards, facing 
meso-anteriad as well as slightly ventrad.

Fig. 227: Aurivillius fuscus, $ ,  dorsal 
view [courtesy of R. Oberprieler, ANIC]
-  the active moth extends the antennae 
transversely forward, and the sensory side 
("ventral" in other moths) is turned 
upwards, facing meso-anteriad as well as 
slightly ventrad.

Fig. 228: Coloradia sp. (Satumiidae), flagellomeres at middle of $  antenna, dorsal view (bottom right 
= distal) -  the flagellomeres carry dorsally no scales and have a proximal and a distal pair of dorso
lateral rami.
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Fig. 229: Coloradia sp. (Satumiidae), flagellomeres at middle of S  antenna, dorsal view (bottom right 
= distal) -  distal and proximal rami of two adjoining flagellomeres; note the proximity of the rami to 
the flagellomere edges.

Fig. 230: Coloradia sp. (Satumiidae), flagellomere at middle of broken S  antenna, distal view (bottom 
= ventral) -  the flagellomere has a rather shallow ventro-median process (crest) and dorso-lateral rami.
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Fig. 231: Coloradia sp. (Satumiidae), rami at middle of S  antenna, distal view (bottom = ventral) -  the 
rami have ventral and dorsal rows of very long sensilla trichodea (broken ramus / short rami = distal 
rami).

Fig. 232: Rhodinia fugax (Satumiidae), rami apices at middle of S  antenna, lateral view -  the sensilla 
trichodea of the proximal (p) and distal (d) rami of flagellomeres form "weirs", which open alternately 
anteriad (left) and posteriad (right); arrows symbolize orientation of s. trichodea;.
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Fig. 233: Endromis versicolora (Endromidae), flagellomeres at base of <$ antenna, latero-ventral view 
(bottom-left = distal) -  only the ventral side of the rami carries a multiple row of very long sensilla 
trichodea.
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Fig. 234: Eosia insignis (Satumiidae), $ antenna, dorsal view [courtesy of R. Oberprieler, ANIC] -  
while the antenna with well developed proximal rami superficially appears to be bipectinate, tiny 
remnants of the distal rami (yellow arrows) and the location of the proximal rami directly at the 
proximal edge of each flagellomere indicate this bipectinate condition to be derived from the typical 
quadripectinate antenna of the Satumiidae.

-  279 -



III.5.1 .B) The principal flagellum structure of the Satumiidae

Fig. 235: Periga sp. (Satumiidae), flagellomeres near apex of <$ antenna, latero-distal view (top = 
ventral) -  each flagellomere is dorsally scaled, has laterally only a single pair of rami and forms a very 
large ventro-median process (increasing in size towards the antennal apex).

Fig. 236: Periga sp. (Satumiidae), flagellomeres at apical fifth of S  antenna, latero-distal view (top = 
ventral) -  only a single pair of rami arises directly at the proximal edge of each flagellomere (further 
distally on flagellomeres at the apex of the antenna).
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Fig. 237: Therinia buckleyi (Satumiidae), flagellomeres with rami at basal fourth of S  antenna, lateral 
view (top left = distal; bottom left -  ventral) -  from each flagellomere only a single pair of rami arises 
directly at its proximal edge; note the scaled dorsal side of the flagellomeres.

Fig. 238: Therinia buckleyi (Satumiidae), middle of rami at basal fourth of S  antenna, proximal view 
(bottom -  ventral) -  in addition to the ventral band of numerous sensilla trichodea, the ramus carries a 
single dorsal row of s. trichodea.
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Fig. 239: Therinia buckleyi (Satumiidae), flagellomeres with rami at middle of S  antenna, dorsal view 
(right = distal) -  the sensilla trichodea of the single dorsal row of the ramus are strongly curved distad.
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111.5.1. C) The sensilla trichodea on the flagellomeres of the bombycoid 

complex
The antennal sensilla are not scattered over the antenna at random, but restricted to 

certain areas and arranged in specific patterns. The most prominent and by far most 

abundant type of sensilla are the long to very long, olfactory sensilla trichodea, which 

are apparent to the naked eye as tiny hairs. With the exception of the occasional 

sensillum trichodeum on the dorsal side of the flagellum, the vast majority (e.g., 

>70,000 in Manduca sexta (Sphingidae); Lee & Strausfeld 1990) is located on the 

lateral and ventral surface of the flagellum. The size of the long sensilla trichodea varies 

continuously from 70-600jim in M. sexta (Lee & Strausfeld 1990), but it is the very long 

sensilla trichodea that stand out and form those arrangements described above.

In Macrolepidoptera without rami, these very long sensilla trichodea are arranged in a 

row that is several sensilla trichodea wide and stretches roughly in the middle of a 

flagellomere from one dorsal end of a lateral side around the ventral side and on to the 

dorsal end of the other lateral side (Fig. 240). In taxa with bipectinate antennae the 

latero-ventral side of the flagellomere is expanded into rami. The band of sensilla 

trichodea stretches accordingly from the distal end of these rami along their ventral side 

and across the flagellomere "body" (Fig. 241). Within this band the sensilla trichodea 

appear to be arranged in a certain pattern, which seems to involve groups of two or three 

sensilla (Fig. 225). The restriction of the very long sensilla trichodea to a band on the 

ventral side of rami seems to be universal within Macrolepidoptera -  the band extends 

hardly ever onto the dorsal side of these rami.

The seemingly only exception of such kind occurs in Sphingidae and Satumiidae. In 

both of these families the very long sensilla trichodea are arranged in two bands, which 

run along the proximal and distal margins of the lateral and ventral sides of a 

flagellomere and unite dorsally in an arc (Figs 242, 243, 244; see above, section

111.5.1. A; character #H.56). Further, the sensilla trichodea of the opposite bands are 

curved towards each other, forming a very characteristic weir (Figs 221, 232, 242). This 

duplication and modified location of the sensory area is the shared structural basis of the 

otherwise very different antennae of Sphingidae and Satumiidae -  the generally 

aerodynamically shaped, rapid-flying Sphingidae have slender, reduced antennae 

without rami, which contrasts with the greatly enlarged, quadripectinate antennae of the 

generally large-winged, relatively slowly flying Satumiidae.
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Both rami pairs of a saturniid flagellomere differ from the typical single rami pair of 

the bombycoid complex flagellomere in structural details. While the single pair of rami 

has a row of diverging sensilla trichodea on the ventral side only, the unidirectional 

sensilla trichodea of the two rami pairs of Satumiidae extend over the ventral and dorsal 

side of the ramus (Fig. 231). From this arrangement it can be hypothesized that the 

sensory dorsal epithelium of the saturniid rami differs from the non-sensory dorsal 

epithelium of the typical bombycoid complex rami, while at the same time it seems to 

be identical with the sensory epithelium on the ventral side of the saturniid rami. A 

possible, simple explanation for this situation is that the epithelium of the dorsal side of 

saturniid rami is a continuation of the epithelium of the ventral side of the rami. Or in 

other words, the saturniid rami are outgrowths within the sensory epithelium only, while 

the typical rami of the bombycoid complex (and possibly all Macrolepidoptera) are 

"outgrowths" at the border between sensory and non-sensory epithelia. Occasionally, 

these "outgrowths" seem to contain even part of the dorsal epithelium, which produces 

the scales on the dorsal side of the flagellomere. In this case these rami are fully scaled 

to their apices (e.g., Xenosphingia jansei (Sphingidae) and many Limacodidae 

(Zygaenoidea)).

In Sphingidae the two bands of sensilla trichodea form an arc just ventrally of a 

shallow, laterally protruding edge (Fig. 219). The rather flat area dorsally of this edge is 

densely covered with scales, hence this edge probably marks the border between the 

dorsal scale-producing and the latero-ventral sensory epithelium. In Satumiidae the four 

rami originate dorso-laterally to dorsally on the flagellomere (rather than ventrally), the 

arc of sensilla trichodea is located on the dorsal side of the flagellomere, and the 

flagellomere typically lacks any scales (Fig. 244). It seems that this arrangement is 

caused by a dorsal shift and extension of the ventral, sensory epithelium, which 

displaces the dorsal, scale-producing epithelium to an extent that the dorsal ends of the 

ventro-lateral epithelium are (almost) touching each other dorsally (Fig. 245). This 

dorsal shift increases towards the apex of the flagellum, and it is only the basal 

flagellomeres that might still carry a few scales. In taxa with bipectinate antennae and 

secondarily ventrad shifted rami, the dorsal side of the flagellum is scaled, possibly as 

the dorsal epithelium is no longer displaced (e.g., Periga and Oxyteninae) (Figs 236, 

237).

The dorsal shift of the rami "opens up" the antenna, fully exposing the alternating
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anterior and posterior "weirs" formed by the sensilla trichodea. These "weirs" open 

anteriad in Saturniidae and Sphingidae, as the orientation of the antenna is modified in 

both taxa as described above. A similar effect is achieved by the ventral orientation of 

the primarily single rami pairs and the ventral, diverging sensilla trichodea in the 

antenna typical of the bombycoid complex. Their diverging sensilla trichodea form 

"weirs" between the rami of one side of adjacent flagellomeres, and because the rami 

face ventrad, these "weirs" of the anterior rami open anteriad and the ones of the 

posterior rami posteriad.

If the distal pair of rami of a quadripectinate antenna is reduced, the sensilla 

trichodea on the ventral side of the proximal rami diverge as in the primarily bipectinate 

antennae, by which they form "weirs" between each other. In contrast, the sensilla 

trichodea on the dorsal side of the remaining rami do not form "weirs" any longer. They 

are absent in most of the secondarily bipectinate species, but a single dorsal row of 

sparsely distributed sensilla trichodea is retained in a few species, e.g., Therinia 

buckleyi (Saturniidae: Oxyteninae; Figs. 237, 238; see above, section III.5.1.B) and 

Parusta thelxinoe (Saturniidae: Saturniinae, Urotini). This single row of very long, 

curved sensilla trichodea confirms the presence of the dorsal, sensory epithelium, which 

indicates the origin of these bipectinate antennae from the quadripectinate condition. It 

also indicates the secondary loss of these sensilla trichodea in most of the other 

Saturniidae with secondarily bipectinate antennae.

Keil and Steiner studied the development of the antenna of Antheraea polyphemus 

(Saturniidae) in great detail (Keil & Steiner 1990a, b, 1991; Steiner & Keil 1993, 1995a, 

b). They showed that the segmentation of the antenna into flagellomeres develops by 

incisions of a leaf-shaped precursor of the antenna and that the quadripectinate condition 

of each flagellomere develops by an additional, subsequent incision (Steiner & Keil 

1993). These primary and secondary incisions are caused by different mechanisms 

(Steiner & Keil 1993, 1995a, b), as one might expect from the presence of segments in 

all antennae but the restriction of quadripectinate antennae to Saturniidae. Further, they 

concluded from disturbance experiments that the formation of rami by incisions and the 

development and orientation of sensilla trichodea are two independent processes 

(Steiner & Keil 1995b). This conclusion corroborates my hypothesis that the vastly 

differently shaped antennae of Sphingidae and Saturniidae are based on the same unique
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arrangement of sensilla trichodea in a proximal and distal band.

Fig. 240: Hypsidia niphosema (Drepanidae), flagellomeres at proximal fourth of <$ antenna, lateral 
view (top right = distal; bottom right = ventral) -  the sensilla trichodea are arranged in a single, median 
band across the lateral and ventral side of each flagellomere.

Fig. 241: Endromis versicolora (Endromidae), flagellomeres at proximal fifth of antenna, ventral 
view (left -  distal) -  the sensilla trichodea of each flagellomere are arranged in a single, median band, 
which runs along the ventral side of the rami and across the middle of the ventral side of the 
flagellomere.
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Fig. 242: Arsenura ciocolatina (Satumiidae), flagellomeres at middle of S  antenna, lateral view, (top 
right = distal; bottom right = dorsal) — the sensilla trichodea are arranged in a proximal and a distal 
band on the lateral and ventral side of each flagellomere.

Fig. 243: Arsenura ciocolatina (Saturniidae), flagellomeres at middle of <$ antenna, lateral view (top 
right = distal; bottom right -  dorsal) -  the sensilla trichodea form fringes at the distal and proximal 
edge of adjoining flagellomeres.
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Fig. 244: Arsenura ciocolatina (Satumiidae), flagellomeres at middle of antenna, dorsal view 
(bottom right = distal) -  the two lateral fringes of sensilla trichodea unite in an arc on the non-scaled 
dorsal side of each flagellomere.

Fig. 245: Arsenura ciocolatina (Satumiidae), flagellomere at middle ot : antenna, dorsal view (bottom 
right = distal) -  the ventro-lateral sides (top and bottom in picture) of the flagellomere appear to be 
shifted dorsad, entirely displacing the scaled dorsal side located between them, except for a small 
triangle remnant at the proximal edge of the flagellomere.
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III.5.2) Character analyses of adult head-related characters

Character #H.55: Flagellomere with large, ventro-median process, which carries 

numerous sensilla coeloconica and an apical styliform sensillum complex.

> Character state (0) 'NO'; plesiomorph.

> Character state (1) 'YES'; apomorph; very well supported.

Introduction. As discussed in detail above (see section III.5.1), the flagellomeres of 

Macrolepidoptera, Pyralidae and at least some Zygaenoidea carry a single styliform 

sensillum complex (the sensory pegs of several sensilla styliformia are fused to form 

one peg with multiple tips) in a median position near the distal edge of their ventral 

sides (Figs 247, 257). In most taxa this styliform sensillum complex is located on the 

flagellomere "body" (Fig. 246), a shallow, ventral crest or a minor protrusion (Figs 248, 

249). Occasionally a few sensilla coeloconica (Fig. 256) are located near the anterior 

edge, too.

Description. In many families of the bombycoid complex the ventral side forms a 

very large ventro-median process, which carries the styliform sensillum complex at its 

apex (Fig. 254). The lateral and distal sides of this process, but not the proximal side, 

are covered with numerous sensilla coeloconica (Fig. 255). Sensilla coeloconica are 

rather scarce on the flagellomeres of other Macrolepidoptera, but typically number 20- 

40 on this ventro-median process. The process occurs on all flagellomeres, but it is 

frequently reduced or lost on the majority of flagellomeres, in which case the remaining 

processes often increase in size on the last apical segments only. It seems that the 

process occupies most of the ventral side of a flagellomere in Bombycidae, Sphingidae 

and Saturniidae, while it is very slender and pointed in the Anthelidae (Fig. 253) and 

Eupterotidae (Fig. 254) I examined. However, in anthelid and eupterotid taxa with a 

secondarily reduced process the remnants can be rather broad, too (Fig. 201). Further, 

the process of Carthaeidae (Fig. 251), Brahmaeidae (Fig. 207) and Lemoniidae (Fig. 

252) is intermediate in width, and therefore I do not distinguish between the overall 

shapes of these processes.

Discussion. The ventro-median process is absent in the other families of the 

bombycoid complex, namely in the Mimallonidae, Lasiocampidae, Endromidae and 

Mirinidae. In the Lasiocampidae (including the in many aspects plesiomorphic
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Poecilocampa populi and Chionopsyche montana) and the few Mimallonidae 1 

examined, even the styliform sensillum complex is lost and the rami are ventrally very 

closely approximated, occupying the location of the ventro-median process (Fig. 250). 

Possibly the median area of the ventral side is displaced by a mesal extension of the 

ventro-lateral region.

The very large ventro-median process of the flagellomere is unique to a number of 

taxa in the bombycoid complex, which is why I interpret character state (1) as 

apomorphic for these taxa.

Summary. While the process is of variable shape and frequently reduced, it occurs at 

a specific location and is characterised by the specific arrangement of its sensilla. This 

arrangement always includes one specific sensory structure, the ventro-apical styliform 

sensillum complex, as well as a large number of otherwise scarce sensilla coeloconica. 

Therefore I consider my hypothesis of homology to be very well supported.
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Fig. 246: Oenochroma vinaria (Geometridae), middle section of S  antenna, ventral view (right = 
distal) -  the flagellomeres do not form a ventro-median process and have only a single ramus each.

Fig. 247: Oenochroma vinaria (Geometridae), flagellomere at middle of <$ antenna, latero-ventral view 
(right = distal) -  a styliform sensillum complex is located directly on the flagellomere body, rather than 
on a ventro-median process.
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Fig. 248: Lymantria nephrographa (Lymantriidae), flagellomeres at distal fifth of $  antenna [one 
ramus partly broken off], ventral view (top left = distal) -  each flagellomere has a small, shallow 
ventro-median protrusion, but no large ventro-median process.

Fig. 249: Lymantria nephrographa (Lymantriidae), flagellomeres at proximal fifth of <$ antenna [rami 
of one side removed], lateral view (bottom = distal; right = ventral) -  each flagellomere has no more 
than a small, shallow ventro-median protrusion, but no large ventro-median process.

-292  -



III.5.2) Character analyses of adult head-related characters

Fig. 250: Entometa sp. (Lasiocampidae), flagellomeres at middle of S  antenna [some of the rami of 
one side are removed], ventro-lateral view (bottom left = distal; top left = ventral) -  the paired rami of 
each flagellomere are greatly approximated at their bases, displacing the styliform sensillum complex.

Fig. 251: Carthaea saturnioides (Carthaeidae), ventro-median processes of flagellomeres at distal 
fourth of S  antenna, lateral view [rami in foreground removed] (right = distal; top = ventral) -  each 
flagellomere forms a very large, club-shaped ventro-median process.
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Fig. 252: Lemonia taraxaci (Lemoniidae), proximal third of broken / antenna, lateral view [some rami 
on one side removed] (bottom left = distal; top left -  ventral) -  each flagellomere forms a short and 
wide ventro-median process.

Fig. 253: Pterolocera sp. (Anthelidae), flagellomeres at distal third of <$ antenna, ventral view (left = 
distal) -  each flagellomere forms a huge, pencil-shaped ventro-median process.
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Fig. 254: Ganisa plana (Eupterotidae), section of flagellomeres at distal fourth of <$ antenna [rami on 
one side partly broken off], lateral view (left = distal) -  each flagellomere forms a huge, pencil-shaped, 
ventro-median process.

Fig. 255: Ganisa plana (Eupterotidae), apex of ventro-median process of flagellomere at distal fourth 
of S  antenna, lateral view (bottom = distal; ventral = right) -  the apex of the ventro-median process 
carries laterally and distally many sensilla coeloconica, and apically a styliform sensillum complex.
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Fig. 256: Ganisa plana (Eupterotidae), ventro-median process of flagellomere at distal fourth of <$ 
antenna, lateral view (bottom = distal; ventral = right) -  sensillum coeloconicum on a lateral side of a 
ventro-median process.
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Fig. 257: Ganisa plana (Eupterotidae), apex of ventro-median process of flagellomere at distal fourth 
of S  antenna, lateral view (bottom = distal; ventral = right) -  the styliform sensillum complex at the 
apex of a ventro-median process has three pegs in a single cuticular sheath.
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Character #H.56: Antennal flagellomere with a proximal and a distal sensory band 

of very long sensilla trichodea.

> Character state (0) 'NO'; plesiomorph.

> Character state (1) 'YES'; apomorph; well supported.

Introduction. As discussed in detail in section above (see section III.5.1), the ventral 

side of the antennal flagellomeres is the sensory area, which carries the vast majority of 

the antennal olfactory sensilla. This sensory area extends as a single band across the 

lateral and ventral side of the flagellomere. In taxa with bipectinate antennae the band 

extends accordingly along the ventral side of the single pair of rami and across the 

median part of the flagellomere (Fig. 258). Amongst other sensilla this sensory band 

carries very long sensilla trichodea, which are arranged in a rather complex pattern of 

small groups. In taxa with bipectinate antennae this sensory band is restricted to the 

ventral side of the rami, hence no such sensilla trichodea occur on the dorsal side of 

rami.

Description. In Sphingidae (see above, section II.2.1.A) and Satumiidae (see above, 

section II.2.1.B) the principal arrangement of sensory setae is different. In these families 

two bands of very long sensory setae exist, one at the proximal and the other at the distal 

edge of each flagellomere (Fig. 260). Each sensory band of very long sensilla trichodea 

extends across the lateral and ventral side of a flagellomere, and the sensilla trichodea of 

one band curve towards the opposite band. This results in a "weir" of sensilla trichodea 

on each flagellomere (Fig. 221). While widely separated from each other on the ventral 

and lateral sides, these two bands unite in an arc (latero-) dorsally (Fig. 259).

Discussion. The principal condition is most easily recognized in the sphingid 

subfamily Smerinthinae (Fig. 219) and the satumiid subfamily Arsenurinae (Fig. 260), 

which might represent the plesiomorphic condition for their respective families.

In all Satumiidae other than the Arsenurinae the proximal and distal sensory bands 

form processes, which originate in a dorso-lateral position (Fig. 261). The band of 

sensory setae mns around these "rami", and hence long sensilla trichodea occur on the 

ventral and dorsal side of each "ramus" (Fig. 231). Neither of these rami pairs is 

homologous with the rami of bipectinate antennae of other Macrolepidoptera, but not all 

of these rami of bipectinate antennae are necessarily homologous structures either. The
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typical, broad, quadripectinate antenna of Satumiidae appears superficially as very 

different from the slender, "prismatic" antennae of Sphingidae, but their principal 

structure is nevertheless identical.

The unique arrangement combined with the unique orientation of the very long 

sensilla trichodea is very characteristic. It consists not only of a distal and proximal band 

of setae, but these bands unite dorsally in an arc. However, these characteristics are 

obscured by subsequent modifications in a number of taxa, which can be identified as 

subsequent modifications as discussed in III.5.1 (pp 253ff). The similarity of some of 

these independent modifications further indicates the existence of strong functional 

constraints that cause convergent modifications in the subsequent arrangement and 

orientation of these sensilla. Such functional constraints might exist for the arrangement 

and orientation of the sensilla trichodea, but they do not account for the initial 

duplication of the sensory area.

It is noteworthy that, while the duplication of the sensory area seems to be unique to 

the two families Sphingidae and Satumiidae, the secondary loss of the structures linjced 

to the duplication occurred several times independently within the two families. These 

secondary reductions are often difficult to distinguish from the primarily bipectinate 

condition and appear as "reversals", but nevertheless must differ from them during their 

development.

The arrangement of the very long sensilla trichodea in a proximal and distal band on 

each flagellomere is unique to Sphingidae and Satumiidae, which is why I interpret 

character state (1) as apomorphic for these taxa.

Summary. While strong functional constraints might influence the characteristic 

arrangement and orientation of the very long sensilla trichodea, the duplication of the 

sensory area appears to be unique. Therefore 1 consider my hypothesis of homology to 

be well supported.
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Fig. 258: Oenosandra boisduvalii (Oenosandridae), flagellomeres at proximal fourth of S  antenna, 
ventral view (left = distal) -  each flagellomere has only a single, median sensory band on its ventral 
side.
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Fig. 259: Arsenura ciocolatina (Satumiidae), flagellomeres at basal fourth of antenna, dorsal view 
(right = distal) -  each flagellomere has a proximal and a distal sensory band, which unite dorsally in an
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Fig. 260: Arsenura ciocolatina (Satumiidae), flagellomeres at distal fourth of £ antenna, lateral view 
(right = distal) -  each flagellomere has a proximal and a distal sensory band, between which numerous 
sensilla coeloconica (dark spots) are located on the lateral side of the flagellomere "body".
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Fig. 261: Bathyphlebia eminens (Satumiidae), rami of flagellomeres at middle of S  antenna, ventral 
view (right = distal) -  each antennal flagellomere has a proximal and a distal sensory band, each of 
which extends onto (and around) a lateral protrusion (= quadripectinate antenna).
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III.6) T he pre-imaginal stages

In Lepidoptera with a shortened adult lifespan the caterpillars with their various 

instars (first instar larva [LI] to penultimate instar larva [Lp] and mature larva [Lm]) 

constitute the main physically active phase of the lifecycle. Yet our limited knowledge 

of adult moths is vastly larger than that of caterpillars, not to mention eggs or pupae. 

This is primarily caused by the limited availability of pre-imaginal instars, as only the 

adult moths are collected easily and in large quantities, usually by light-trapping. Most 

scientific collections house hundreds of thousands of pinned adult specimens, but often 

no more than a handfull of pre-imaginal instars.

The primary activity of caterpillars is obviously feeding, which in some taxa of the 

bombycoid complex with rapid larval development (e.g., many Sphingidae) takes place 

continuously during day and night. Consequently, mouthparts and associated sensory 

structures are particularly well developed and differentiated. Compared to many other 

animals, caterpillars are relatively slow-moving, which makes them easy prey for 

predators and parasitoids. Large numbers of offspring, avoidance of exposure, 

camouflage and occasionally defence structures appear to be the main mechanisms of 

protection. The latter two greatly influence the appearance of the externally feeding 

caterpillars of the bombycoid complex, and the larger the caterpillars are, the stronger 

these influences are. This leads to a strong adaptation and modification of the later, 

larger caterpillar instars in particular, which often possess highly derived structures, e.g., 

eye-spots and characteristic tufts of hairs. These derived structures have significance for 

phylogenetic hypotheses about younger taxa (e.g., at the level of species groups and 

genera) and are highly valuable characters for taxonomic diagnoses. At the same time 

these adaptations frequently result in the independent evolution of similar appearances 

(e.g., the gain and loss of secondary setae, the formation of verrucae and scoli, the 

development of camouflaging patterns and body shapes), and the strong modifications 

can obscure characteristics of older taxa (e.g., at the tribal and family level). Both of 

these tendencies decrease the value of the appearance of older caterpillar instars for 

higher phylogenetic hypotheses, but nevertheless it is typically caterpillars of the late 

instars that are preserved in collections due to their high diagnostic value at species level 

and because it is the larger caterpillars that get noticed in the environment most 

frequently.
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The younger caterpillar instars, in particular the first instar, are more suitable for 

phylogenetic hypotheses of older taxa, as shared modifications are not yet obscured by 

the subsequent adaptations of the later instars. Younger instars are, however, scarce in 

collections as they generally have to be reared from eggs. With short-lived, non-feeding 

taxa of the bombycoid complex this is relatively easy as females collected at light have 

already mated in most cases and readily lay eggs in captivity. While the host plant might 

be unknown and hence the rearing of the caterpillars might fail, first instar caterpillars 

can always be hatched from such eggs. However, for most species of the bombycoid 

complex females are much more rarely collected at lights than males, and for quite a 

number of species the females are still unknown (e.g., Gephyroneura cosmia and 

Omphaliodes obscuva in the Anthelidae). By collecting live females I obtained a 

substantial number of first instar caterpillars of different anthelid species over time, but, 

expectedly, this was not possible for all the species included in my phylogenetic 

hypotheses. Gathering first instar caterpillars of critical taxa in the cosmopolitan 

bombycoid complex was even more difficult, and as with Anthelidae I failed to obtain 

sufficient material for a comprehensive study of larval characters in the bombycoid 

study.

First instar caterpillars of the bombycoid complex typically range from about 2- 

10mm in size and their accurate examination requires high magnification. While setal 

arrangements (chaetotaxy) can still be observed by light microscopy, the laborious use 

of a SEM is advisable for the detailed examination of most structures. Hardly any such 

studies have been published for taxa of the bombycoid complex so far. In fact, even 

information on chaetotaxy in the bombycoid complex is surprisingly scarce. Chaetotaxy 

is often perceived as particularly valuable for systematic studies (e.g., Scoble 1995), but 

in my opinion its value is largely diagnostic, not phylogenetic. Differences in chaetotaxy 

typically consist only of shifts in the relative position of setae or the loss of individual 

setae, both of which are simple modifications with little if any indications of homology. 

Further, only the relative position of these setae indicates their homology, differences in 

structural characteristics do not identify individual setae. In these respects the 

shortcomings of the use of chaetotaxy are the same as those of wing venations.

Chaetotaxy is concerned with the naming of so-called "primary setae" and 

"punctures" based on topology. It refers to those setae and punctures that are present in 

first instar caterpillars only and highly conserved in their location in different taxa.
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Other setae, which occur in later instars only and are not as conserved in their location, 

are referred to as "secondary setae". Such secondary setae, as are not present in the first 

instars of other taxa, occur in Anthelidae from the first instar on already (Figs 262, 263). 

In first instar caterpillars most but not all of these secondary setae are located together 

with primary setae on wart-like protrusions (verrucae), but in later instars they are 

scattered over the entire integument (including the headcapsule) and their number 

increases dramatically. This hinders the recognition and homologization of primary 

setae. Only the verrucae with multiple setae indicate the location of the primary setae 

within the very dense cover of secondary setae.

Given the relatively low phylogenetic value, the difficulties caused by the presence of 

"secondary setae" even in first instar caterpillars of Anthelidae, and the lack of first 

instar caterpillars for many taxa, I do not use characters of chaetotaxy for my 

phylogenetic analyses, with one exception. In the following section I define those 

differences of structures as characters, which I believe to be phylogenetically 

informative.

None of the following characters relates to the other pre-imaginal stages of 

Lepidoptera, the egg and the pupa. The eggs of the few species I examined with a SEM 

(Fig. 264) did not reveal any differences with good indications of their homology, only a 

few minor differences in the details of the surface pattern. The chorion of the anthelid 

egg has a pattern of irregular, multi-cornered (5-7 comers) cells formed by ridges (Fig. 

265), and the comers of these cells have a pore-like depression (aeropyle) within a ring- 

shaped protrusion (Fig. 266). The basic, simple pattem of multi-comered cells is caused 

by the follicle cells below (Fehrenbach 2003) and is very common for Lepidoptera and 

even other insect orders. The sculpturing of the micropylar area, which can be 

diagnostic at the species level, did not show any significant differences suitable for 

phylogenetic hypotheses.
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Fig. 262: Anthela ferruginosa (Anthelidae), 
caterpillar (LI) -  first instar caterpillar with many 
"secondary" setae.

Fig. 263: Anthela tetraphrica (Anthelidae), 
caterpillar (LI) -  first instar caterpillar with many 
"secondary" setae.

Fig. 264: Chenuala heliaspis (Anthelidae), egg -  oval egg of the "flat" type with the micropyle at the 
centre of the broader end (bottom right).
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Fig. 265: Chenuala heliaspis (Anthelidae), egg -  chorion pattern consisting of multi-cornered cells 
formed by ridges; note the pore-like depression in each comer.

Fig. 266: Chenuala heliaspis (Anthelidae), egg -  pore-like depression in the centre of a ring-shaped 
protrusion on the ridges of the chorion pattern.
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III.6.1) The vesicles on the integument of anthelid 

caterpillars
The cuticular integument of caterpillars is the interface to the environment and 

naturally carries numerous structures of different types, e.g., sensilla, cuticular 

protrusions and secretory structures. Secretory structures are typically restricted to 

relatively few locations within an individual, e.g., the two glands on the sixth and 

seventh abdominal segments in Lymantriidae (Fig. 267) or the scoli of some Satumiidae 

(e.g., Demi & Dettner 2002). Further, their number and location does not change with 

different instars. The caterpillars of Anthelidae are exceptional in that they have 

hundreds of secretory structures scattered over large areas of the integument, which 

differ between instars in number and seemingly in location.

From the second instar on anthelid caterpillars are literally covered by vesicles, 

which appears under the light microscope as minute, strongly reflective drops of a clear 

liquid (Fig. 269). The number of these vesicles increases significantly with subsequent 

moults (Figs 269, 270, 271), and the vesicles are fully developed prior to the casting of 

the old skin during a moult (Fig. 272). The total number of vesicles varies not only 

between different instars, but between species, too. Except for the ventral side, legs, 

mouthparts and verrucae, these vesicles are distributed over the entire integument, 

including the headcapsule (Fig. 273) and intersegmental folds. Their density appears to 

be lower in strongly setose areas, or such that become strongly setose in later instars 

(compare Fig. 269 with Fig. 334). No groupings of vesicles are apparent, their 

distribution within the aforementioned limits is seemingly at random. With increasing 

numbers and uniform appearance it is difficult to keep track of the locations of 

individual vesicles. The actual vesicles are exchanged with every moult (they remain on 

the cast skin), but the source of the vesicles is likely to remain in the same position. 

Nevertheless, my simple attempts to track these sources by photography failed -  vesicles 

present in a certain location on one specimen were absent in the same location of the 

next instar of the same specimen, while "new" vesicles were present in other locations. I 

cannot rule out that the sources of vesicles changed their position in different instars, but 

it seems more likely that they are replaced by vesicles from different sources. 

Observations on more specimens should be made to verily this unexpected turn-over or 

relocation of vesicles.
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The vesicles of cast skins do not evaporate, even after years. They do, however, 

collapse after a couple of months, leaving an empty "shell" behind. Similarly, the 

vesicles are still preserved in 40 year old ethanol-fixed specimens. Probing the vesicles 

of a living caterpillar or a cast skin with a pin gives further indications that the vesicles 

are not small drops of a liquid, but consist of a firmer substance. It is surprisingly 

difficult to dislodge any of these vesicles. Using a pointed insect pin to push away any 

vesicles fails in most cases, even though the proportions of the pin to the vesicle are 

comparable to that of a large tree trunk to a soccer ball. If hit by the tip of the pin 

centrally from above or from the side the vesicles moves sideways and the pin passes it. 

If hit laterally with the side of the pin in an attempt to scrape the vesicles off, the cuticle 

around the vesicles bends and the pin passes above the vesicles. I attempted to puncture 

the vesicles with a drawn-out glass capillary for micro-injections using a micro

manipulator, but even with this extremely thin tip and the precise movements of a 

micro-manipulator it was not possible to puncture or dislodge the vesicles. They appear 

to be extremely firmly "glued" to the cuticle.

I attempted to dissolve the vesicles by washing caterpillars in hexane (non-polar, 

organic solvent) as well as in acetone (polar, aprotic [no exchange of protons], organic 

solvent), but neither of these solvents did so. Even after being stored in a hexane- 

chloroform mixture (4:1; wax solvent) for a month, the vesicles were still present and 

spherical. In contrast, the application of acetone quickly "discharged" the vesicles, but 

failed to dissolve the remaining collapsed "shells" (Figs 292, 293). However, vesicles 

are easily scraped off with a pin moistened with either of the two solvents.

Dr. Victoria Haritos (CSIRO Entomology) attempted to analyse a sample of more 

than 50 vesicles collected into hexane from an Anthela ocellata caterpillar. After 

processing and blowing down the solvent, an aqueous fraction became apparent, which 

was taken off and remains to be analysed. Gas chromatography of the non-polar fraction 

showed minute amounts of Palmitate (a 16-carbon saturated fatty acid), Stearate (a 18- 

carbon saturated fatty acid), Oleate (a 18-carbon unsaturated fatty acid) and other fatty 

acids of similar length, as well as small amounts of several longer hydrocarbons (25 to 

30 carbons) not typically found in insects (Fig. 294). At least the shorter fatty acids are 

likely to be contaminations picked up with the pin from the caterpillar integument.

I further examined these vesicles qualitatively by x-ray microanalysis with an Energy 

Dispersive X-Ray Analyzer (EDXA) in a Cryo-SEM. The resulting weak spectrum (Fig.
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295) indicates no heavier elements than phosphorus. This means that no inorganic 

substances are present within the vesicle, but it does not characterize the content of the 

vesicles any further as the elements of organic substances are too light to allow 

qualitative or quantitative analyses by EDXA.

Examination of the vesicles by Cryo-SEM showed that only minor differences in size 

exist and that most of them are almost perfectly spherical (Fig. 274). Many of these 

vesicles have a small protrusion at their most distal point, which might be formed by a 

substance released from the vesicles at that location (Figs 275, 277, 278). The vesicles 

"sit" directly on the integument, which is covered by closely approximated protrusions. 

Occasionally these protrusions end in a finger-shaped to hair-like tip (Figs 279, 280), 

but such protrusions with and without a hair-like process occur in caterpillars of taxa 

without such vesicles, too (Figs 281, 282). The attachment of the vesicles is difficult to 

observe and only visible at a certain viewing angle (proximo-lateral). Compared to the 

diameter of the vesicle (about 20pm), the diameter of the very short, connecting "stalk" 

is narrow (about 3 pm) (Figs 285). It appears to have the shape of a socket on which the 

vesicle rests (Figs 286, 287, 288). During the x-ray microanalysis several vesicles were 

dislodged by the electron beam. The remaining "attachments" are damaged and do not 

provide much information. They usually consist of a central "stub" surrounded by a ring 

of a substance, which appears to have "melted" onto the surrounding protrusions of the 

cuticle (Fig. 289). Judging from the size of the central stub it is a remnant of the short, 

connecting "stalk", while the surrounding substance seems to be a remnant of the outer 

wall of the vesicles, which broke off from the central "stalk". In one case the damage 

was less severe and the outer wall and the "stalk" were not disconnected from each 

other. The central area, beneath which the "stalk" is presumably located, has an opening 

of approximately 2pm in diameter. From this opening a peg protrudes slightly (Fig. 

290). I also examined vesicles that I had treated with acetone and in some cases 

manually damaged prior to the examination in the SEM. A picture of a remnant of such 

a damaged vesicle shows the presence of an outer wall and the central opening very 

clearly (Fig. 291), but only a minute part of the peg's apex is visible at high 

magnification due to the viewing angle. In a collapsed vesicle the outer wall is draped 

over the attachment area, but the shape of the central opening as well as the peg are 

recognizable (Fig. 292). All vesicles that had been treated with acetone are entirely 

collapsed and appear as an empty sack with folds (Figs 292, 293).
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From all these above observations I conclude the following about the nature of these 

vesicles: Most parts of the integument of anthelid caterpillars are covered with minute, 

round vesicles from the second instar on. Like secondary setae, the number of these 

vesicles increases with older instars and the vesicles are randomly arranged. Each 

vesicle has an outer, probably membranous wall and is attached to the integument by 

this wall as well as by an external substance at the base of the vesicle. This external 

substance attaches the vesicle unusually firmly, while the connecting thin outer wall 

keeps the vesicle in place if the external substance has been dissolved by a polar or non

polar solvent. The contents of the vesicle is solid at room temperature and probably a 

polar, organic substance. This substance easily dissolves in acetone, but not in non-polar 

solvents like hexane. At room temperature the substance sublimates very slowly, 

probably through a minute opening in the distal end of the vesicle. The proximal end of 

the vesicle opens through a very short stalk into the integument, from which a peg 

protrudes slightly into the lumen of the vesicle.

These vesicles are present in caterpillars of all anthelid species, except for the genus 

Munychryia and possibly all other Munychryiinae, of which the caterpillars are yet 

unknown. Examination of the caterpillar of M. senicula by (Cryo-) SEM (LI and L4) 

revealed no traces of vesicles or remnants of structures from which they might originate 

in other taxa. The integument surface of M. senicula differs from that of all other 

examined caterpillars, in as much as it does not have any protrusions, but instead 

consists of plaques (Fig. 283). No long setae are present, but instead numerous small, 

club-shaped pegs occur, which protrude from a large socket and are most probably 

reduced setae (Fig. 284).

The occurrence of vesicles in all Anthelinae irrespective of the host plant (e.g., 

Poaceae, Proteaceae, Mimosaceae and Myrtaceae) argues for a de novo synthesis of the 

vesicle contents. The function of the vesicles is unknown, but their obligatory 

occurrence argues for their importance. The vesicles might be a for caterpillars unusual 

way of disposing harmful chemicals, but the external "storage" of substances in vesicles 

and the occurrence independent of host plant usage make this explanation unlikely. 

Chemical communication is another possible function, but while anthelid caterpillars
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can occasionally be (at least in captivity) gregarious (e.g., Anthela nicothoe), no "semi- 

social" behaviour, as occasionally found in other families of the bombycoid complex 

(e.g., Malacosoma spp. (Lasiocampidae), Arsemira armida (Satumiidae), Andraca 

theae (Bombycidae)), occurs. The most likely function is a defensive one, which might 

be by chemical "camouflage" or deterrence. The higher density of vesicles in more 

exposed locations as opposed to between hairs fits to this explanation, but simple spatial 

constraints might play a role in the density of vesicles, too. A constant, slow release of 

chemicals would suit a deterring function, particularly if the contact with the substance 

was direct, e.g., with the sensilla of the ovipositor of a parasitoid attempting to deposit 

eggs on the exposed parts of the caterpillar integument. Likewise, a direct contact of the 

substance with the mouthparts of ants might have a deterring or "appeasing" effect on 

these, in Australia, very abundant predators. In contrast, the slow sublimation of such 

minute amounts seems unlikely to be sufficient for airborne deterrence or camouflage in 

an open environment.

Fig. 267: Euproctis baliolalis (Lymantriidae), caterpillar (L2 or L3) -  two unpaired, median glands 
(yellow arrows) are located on the dorsal side of the sixth and seventh abdominal segments.
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Fig. 268: Anthela guenei (Anthelidae), caterpillar (LI) -  the integument carries numerous setae on 
verrucae, but no shiny vesicles.

Fig. 269: Anthela guenei (Anthelidae), caterpillar (L2) -  the integument carries numerous setae on 
verrucae, as well as a large number of tiny, shiny vesicles.
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Fig. 270: Anthela guenei (Anthelidae), caterpillar (L3) -  the integument carries numerous setae on 
verrucae, as well as hundreds of tiny, shiny vesicles.

Fig. 271: Anthela guenei (Anthelidae), caterpillar (L4) -  the integument carries numerous setae on 
verrucae, as well as hundreds of tiny, shiny vesicles; note the vesicles on the headcapsule.
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Fig. 272: Anthela excellens (Anthelidae), caterpillar (L3) -  freshly moulted L3 caterpillar (left) leaving 
shed L2 skin (right); the minute vesicles (tiny, shiny spots) are fully developed prior to moulting.

Fig. 273: Anthela ocellata (Anthelidae), caterpillar (L4), anterior view -  headcapsule covered with 
secondary setae and minute vesicles (yellow arrows mark a few); the large median droplets are artefacts 
from freezing and the dark median area is caused by electrostatic charging of the sample.
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Fig. 274: Anthela oceUata (Anthelidae), caterpillar (L4), thorax -  the vesicles are of roughly equal size 
and almost perfectly symmetrically round.

Fig. 275: Anthela ocellata (Anthelidae), caterpillar (L2) -  the vesicle is attached to a short "stalk" 
(yellow arrow) and has a small protrusion at its distal end, probably formed by a substance released 
from the inside (green arrow).
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Fig. 276: Anthela ocellata (Anthelidae), caterpillar (L2) -  the vesicle has a small protrusion at its distal 
end, probably formed by a substance released from the inside (green arrow).

Fig. 277: Anthela ocellata (Anthelidae), caterpillar (L2) -  the vesicle is attached to a short "stalk" 
(yellow arrow) and has a small protrusion at its distal end, probably formed by a substance released 
from the inside (green arrow).
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Fig. 278: Anthela ocellata (Anthelidae), caterpillar (L2) -  small protrusion at the distal end of a 
vesicle, probably formed by a substance released from the vesicle.

Fig. 279: Anthela ocellata (Anthelidae), caterpillar (L4) -  the vesicle "sits" on top of tiny, closely 
approximated protrusions of the integument, which can end in a hair-like tip.
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Fig. 280: Anthela ocellata (Anthelidae), caterpillar (L2) -  the integument has tiny, closely 
approximated protrusions, which range in shape from blunt cones to cones with an apical, hair-like tip.

Fig. 281: Cotana serranotata (Eupterotidae), caterpillar (L4) -  the integument has tiny, closely 
approximated protrusions, which range in shape from blunt cones to cones with an apical, hair-like tip.
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Fig. 282: Epicoma sp. (Notodontidae), caterpillar (L4) -  the integument has tiny, closely approximated 
protrusions, which range in shape from blunt cones to cones with an apical, hair- or spine-like tip.

Fig. 283: Munychrvia senicula (Anthelidae), caterpillar (L4) -  the integument surface has no 
protrusions, but consists of plaques; note the numerous, short, club-shaped setae.
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Fig. 284: Munychryia senicula (Anthelidae), caterpillar (L4) -  short, club-shaped seta with a socket on 
the integument of an abdominal segment.

Fig. 285: Anthela ocellata (Anthelidae), caterpillar (L2) -  the vesicle attaches through a very short and, 
relative to the vesicle diameter, narrow "stalk" to the integument.
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Fig. 286: Anthela ocellata (Anthelidae), caterpillar (L2) -  the vesicle attaches through a very short 
"stalk" to the integument, which appears as if the vesicle rests on a socket.

Fig. 287: Anthela ocellata (Anthelidae), caterpillar (L2) -  the vesicle attaches through a very short 
"stalk" to the integument, which appears as if the vesicle rests on a socket.
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Fig. 288: Anthela ocellata (Anthelidae), caterpillar (L2) -  the vesicle attaches through a very short 
"stalk" to the integument, which is probably covered externally by a substance, "glueing" the vesicle to 
the integument.
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Fig. 289: Anthela ocellata (Anthelidae), caterpillar (L2) -  the damaged remnants of the vesicle 
attachment after the vesicle was dislodged by the electron beam of the SEM; the central "stub" is the 
actual attachment, while the surrounding, possibly melted ring is the proximal part of the vesicle wall.

Fig. 290: Anthela ocellata (Anthelidae), caterpillar (L2) -  the damaged remnants of the proximal part 
of the vesicle after the vesicle was dislodged by the electron beam of the SEM; a peg protrudes slightly 
through an opening in the "stalk" into the lumen of the vesicle.
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Fig. 291: Anthela ocellata (Anthelidae), caterpillar (L3) -  the damaged remnants of the proximal part 
of the vesicle after the vesicle was dislodged manually with a pin and acetone; remnants of the 
proximal wall of the vesicle and the opening into the "stalk" are clearly visible.

Fig. 292: Anthela ocellata (Anthelidae), caterpillar (L3) -  collapsed vesicle after treatment with 
acetone; note the shape of the opening (yellow arrow) and the central peg (lighter-coloured line within 
opening), over which the vesicle wall is draped.
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Fig. 293: Anthela ocellata (Anthelidae), caterpillar (L3) -  during a treatment with acetone all vesicles 
discharge and collapse quickly.
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Fig. 294: Gas chromatography spectrum of the non-polar fraction obtained from dissolved vesicles of 
an Anthela ocellata (Anthelidae) caterpillar (Lm) -  minute quantities of Palmitate, Stearate and Oleate 
as well as other fatty acids of similar length are present; note the for insects unusual, much higher peaks 
in the bum-off phase, probably caused by longer hydrocarbons (25-30 carbons).

Fig. 295: Anthela ocellata (Anthelidae), caterpillar (L3) -  EDXA spectrum (lOkV) of a vesicle centre 
(red) overlaid with background noise (blue) as measured from the abdominal integument surface; note 
the minor but significant peak (yellow arrow) at about 3.3, indicating the presence of phosphorus as the 
heaviest element in the vesicle (no significant peaks further to the right).
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III.6.2) Character analyses of pre-imaginal characters

Character #H.57: Headcapsule with triangular, pale frontal area.

> Character state (0) 'NO'; plesiomorph.

> Character state (1) 'YES'; apomorph; poorly supported.

Introduction. The headcapsule of macrolepidopteran caterpillars is typically 

uniformly coloured (Fig. 296), but has some pigment patterns in some taxa (e.g., 

Danaus plexippus (Nymphalidae) and many Lasiocampidae (Fig. 297)). The epicranial 

and lateral adfrontal sutures are often pale.

Description. In all Anthelidae an area laterally of the lateral adfrontal sutures, often 

including the frons, is pale. The pale area is relatively narrow in Munychryia senicula 

(Fig. 298) and not very distinct to absent in the genus Pterolocera (Fig. 301), but it is 

very obvious (Fig. 299) and often enlarged in other Anthelidae (Fig. 300). The pale area 

is typically of roughly triangular shape, narrowing dorsally, and often appears as a 

vertical stripe (Fig. 300).

Discussion. In Nataxa flavescens  (Fig. 302), as well as very similarly in the 

Australian Panacela lewinae (Eupterotidae) (Fig. 303), the pale frontal area is very 

broad, almost circular in shape. A pale frontal area occurs in some African Eupterotidae 

(e.g., Janomima mariana, Phyllalia patens and Rhabdosia patagiata), too, but these 

areas are different in shape and not necessarily homologous.

The triangular, pale frontal area, which extends laterally of the lateral adfrontal 

sutures, is unique to Anthelidae, which is why I interpret character state (1) as 

apomorphic.

Summary. The shape of the pale frontal area is to some extent variable within the 

Anthelidae. The common denominator is merely the location of the pale area laterally of 

the lateral adfrontal sutures and the overall triangular shape. Therefore I consider my 

hypothesis of homology for the apomorphic character state (1) to be poorly supported.
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Fig. 296: Cotana serranotata (Eupterotidae), 
caterpillar (Lm) -  headcapsule uniformly 
coloured to speckled.

Fig. 298: Munychryia senicula (Anthelidae), 
caterpillar (L5) -  headcapsule with pale area 
laterally of the lateral adfrontal suture.

Fig. 297: Pinara divisa (Lasiocampidae), 
caterpillar (Lm) -  headcapsule with colourful 
pigment patterns; note the pale epicranial and the 
lateral adfrontal sutures (pale, Y-shaped line).

Fig. 299: Anthela reltoni (Anthelidae), caterpillar 
(L7) -  headcapsule with pale area distinctly 
laterally of the lateral adfrontal suture, extending 
dorsad.
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Fig. 300: Anthela astata (Anthelidae), caterpillar 
(Lm) -  headcapsule with very large, pale area 
laterally of the lateral adfrontal suture and 
including the frons.

Fig. 301: Pterolocera sp. (Anthelidae), caterpillar 
(L5) -  headcapsule with a very faint pale area 
laterally of the lateral adfrontal suture.

Fig. 303: Panacela lewinae (Eupterotidae), 
caterpillar (Lm) -  headcapsule with broad, almost 
circular, pale area laterally of the lateral adfrontal 
suture, including large parts of the frons.

Fig. 302: Nataxa flavescens (Anthelidae), 
caterpillar (Lm) -  headcapsule with broad, almost 
circular, pale area laterally of the lateral adfrontal 
suture, including large parts of the frons.
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Character #H.58: Maxillar lobarium with a distinct apical "segment", exclusive of

STI-III.

> Character state (0) 'NO'; plesiomorph.

> Character state (1) 'YES’; apomorph; well supported.

Introduction. The main externally visible structures of the caterpillar headcapsule are 

stemmata, antennae and mouth parts (Fig. 304). Of the mouthparts the maxilla is the 

structure with the largest number of sensilla. These are largely concentrated at the apex 

of two structures -  the apical segment of the maxillary palpus and the lobarium 

(Kristensen 1984; "mesal lobe" sensu Grimes & Neunzig 1986b) (Fig. 305). Both 

structures were described externally in detail by Grimes and Neunzig (1986a, b) in a 

morphological survey of ditrysian caterpillars. Their publications are the most 

comprehensive accounts published on the maxillae of ditrysian caterpillars and I adopt 

their notation of sensilla. Some of their notations are based on the relative positions of 

the sensilla, which are correct for the mesal and lateral position, but the terms anterior 

and posterior were applied incorrectly in a reversed sense throughout the text. However, 

as none of their notations is based on the latter two terms, I use their notations without 

alterations.

The lobarium is located on the divided dististipes, which is fused with a basal 

segment of the maxillary palpus (Kristensen 1984). According to Eassa (1963) and 

Matsuda (1965) the lobarium is homologous with the galea, while Grimes and Neunzig 

(1986b) argue for it being a composite structure consisting of the fused galea and 

lacinia. Galea and lacinia are separate in Sabatinca barbarica (Micropterygidae) 

(Tillyard 1923), and this separation is a unique symplesiomorphy of Micropterygidae 

(Kristensen 2003b: 42). Accordingly, no separate lacinia was described or illustrated for 

Agathiphagidae by Kristensen (1984) and Heterobathmiidae by Kristensen and Nielsen 

(1983), and likewise no separate lacinia has been observed in Ditrysia. However, the 

lobarium of Ditrysia appears to consist of two fused structures, which Grimes and 

Neunzig (1986b) interpreted as the galea and remnants of the fused lacinia. The 

distinctiveness of this separation is variable between different taxa, and it is an extreme 

separation in some Anthelidae, which constitutes this character.

The ditrysian lobarium carries apically a rather constant arrangement of three sensilla 

trichodea (STI-III), two sensilla styloconica (SSI-II) and three sensilla basiconica (SBI- 

III) (Fig. 306). The three sensilla trichodea are typically arranged in a row along the
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dorso-anterior edge of the lobarium (Fig. 307). This anterior edge ("lacinial ridge" sensu 

Grimes and Neunzig 1986b) is typically slightly set off from the rest of the lobarium 

(Fig. 308), and together with two of the sensilla trichodea (STII-III) is suggested to be a 

remnant of the lacinia (Grimes and Neunzig 1986b). While the lacinial ridge is distinct, 

it is posteriorly strongly fused to the remainder of the lobarium, with the sensilla 

trichodea arising from about the same level as the other sensilla. These other sensilla, 

including STI, arise from a rather shallow protrusion (the posterior part of the lobarium) 

(Fig. 309), which can have a sclerotized outside, except for its anterior (= fused) side.

Description. With the exception of Munychryia senicula (Fig. 306) (and possibly 

other Munychryiinae), this situation is modified in Anthelidae. Their lobarium carries 

apically a free-standing "segment" with all sensilla of the lobarium at its apex, except 

for all three sensilla trichodea, which remain as a row on the lacinial ridge (Figs 310, 

311). This "segment" is formed by the posterior part of the lobarium and it has a 

completely sclerotized outer wall, which separates it from the lacinial ridge as well as 

the distal section of the dististipes (Fig. 312 versus Fig. 313).

Discussion. I interpret this condition as a subsequent separation of the majority of 

sensilla from the three sensilla trichodea by an extension of the sclerotized posterior 

wall of the lobarium and a separation of this posterior side of the lobarium from the 

distal part of the dististipes. The secondary nature of this condition is indicated by the 

exclusion of STI from this "segment" and the posterior segregation from the dististipes.

The separation of the posterior part of the lobarium from the lacinial ridge and 

segregation from the dististipes is not unique to Anthelidae. It has been illustrated for 

some Noctuidae, e.g., Agrotis ipsilon (Reese et al. 1974) and Euxoa messoria (Devitt & 

Smith 1982), but the typical ditrysian condition is present in other Noctuidae, e.g., 

Heliothis spp. (Baker et al. 1986). Grimes and Neunzig (1986b: 523, Figs 32 & 33) 

illustrate an American specimen of Danaus plexippus (Nymphalidae), in which a 

"segment" inclusive of STI is formed. This differs from my own observation of the 

Australian D. plexippus, in which a separate segment without STI is formed (Fig. 315). 

Such a formation of a "segment" inclusive of STI is present in the African eupterotid 

species Poloma angulata (Fig. 314). Based on the differences in location of STI I 

assume these rather rare formations to have evolved convergently.
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As described above, a true separation of galea and lacinia seems to be restricted to 

the Micropterygidae, which according to Kristensen and Skalski ([1998]) are the 

sistergroup of all other Lepidoptera. The lobarium consists of the fused lacinial ridge 

and the posterior part of the lobarium in most Ditrysia, as apparent from the survey of 

Grimes and Neunzig (1986b). Therefore I interpret character state (1) to be apomorphic.

Summary. The homology of the subsequent formation of a "segment" in some 

Anthelidae is indicated by the extended sclerotization of the "segment", the exclusion of 

STI from it and the more proximal location of the sensilla trichodea relative to the 

remaining sensilla on the "segment" apex. While the actual length of this "segment" 

varies between species, this arrangement is very constant and distinct within Anthelidae. 

Therefore I consider my hypothesis of homology for the apomorphic character state (1) 

to be well supported.

Fig. 304: Carthaea saturnioides (Carthaeidae), caterpillar (LI), ventral view (top=anterior) -  
headcapsule overview, showing the location of stemmata (S), antenna (A), labrum (LB), mandible 
(MD), maxilla (MX) and the hypopharyngeal complex (HC), consisting of hypopharynx, labium and 
spinneret.
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Fig. 305: Spiramiopsis comma (Brahmaeidae), caterpillar (Lm), ventral view (top=anterior) -  
mouthpart overview; the maxilla carries apically two structures, namely the maxillary palpus (MP) and 
the lobarium (LO); the hypopharynx (H) is located between the maxillae, and the labial palpi (LP) 
border the spinneret (S) antero-laterally; note the antero-mesal orientation of the lobarium.
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Fig. 306: Munychryia n. sp. near senicula (Anthelidae), caterpillar (LI), ventral view (top=anterior) -  
left maxilla apex with maxillary palpus (MP) and lobarium; the lobarium carries three sensilla 
trichodea (ST1-III), a lateral (LSS) and a mesal styliform sensillum (MSS), as well as a lateral (LSB), 
central (CSB) and mesal sensillum basiconicum (MSB).

Fig. 307: Carthaea saturnioides (Carthaeidae), 
caterpillar (LI), ventro-lateral view (top=anterior) 
-  left maxilla apex with maxillary palpus (MP) 
and lobarium; the three sensilla trichodea (STI- 
III) of the lobarium are arranged in a row along 
the lacinial ridge, slightly protruding distally [see 
Fig. 306 for abbreviations].

Fig. 308: Opsirhina albigutta (Lasiocampidae), 
caterpillar (LI), ventral view (top=anterior) -  left 
maxilla apex with maxillary palpus (MP) and 
lobarium; the three sensilla trichodea (STI-III) of 
the lobarium are arranged in a row along the 
lacinial ridge, slightly protruding distally [see Fig. 
306 for abbreviations].
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Fig. 309: Spiramiopsis comma (Brahmaeidae), caterpillar (Lm), ventral view (top=anterior) -  left 
maxilla apex with lobarium; the three sensilla trichodea (ST1-I1I) of the lobarium are arranged in a row 
along the lacinial ridge, with STI belonging to the protrusion carrying the sensilla styloconica [see Fig. 
306 for abbreviations].

Fig. 310: Anthela nicothoe (Anthelidae), caterpillar (Lm), ventral view (top=anterior) -  left maxilla 
apex with lobarium and maxillary palpus (MP); the three sensilla trichodea (STI-I1I) of the lobarium 
are arranged in a row along the lacinial ridge, while all other sensilla of the lobarium are located on a 
discrete "segment" (S) [see Fig. 306 for abbreviations].
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Fig. 311: Pterolocera sp. (Anthelidae), caterpillar (Lm), ventral view (top=anterior) -  left maxilla apex 
with lobarium and maxillary palpus (MP); the three sensilla trichodea (STI-III) of the lobarium are 
arranged in a row along the lacinial ridge, while all other sensilla of the lobarium are located on a 
discrete "segment" (S) [see Fig. 306 for abbreviations].

Fig. 312: Anthela n. sp. near addita (Anthelidae), caterpillar (LI), ventral view (top=anterior) -  left 
maxilla apex with lobarium and maxillary palpus (MP); the three sensilla trichodea (STI-III) of the 
lobarium are arranged in a row along the lacinial ridge, while all other sensilla of the lobarium are 
located on a discrete "segment" (S), which is posteriorly separated from the distal part of the dististipes 
(DD) [see Fig. 306 for abbreviations].
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Fig. 313: Chionopsyche montana (Lasiocampidae), caterpillar (LI), ventral view (top=anterior) -  left 
maxilla apex with lobarium and maxillary palpus (MP); the three sensilla trichodea (ST1-1II) of the 
lobarium are arranged in a row along the lacinial ridge, while all other sensilla of the lobarium are 
located on a shallow protrusion, which is anteriorly incompletely sclerotized and fused with the lacinial 
ridge, while posteriorly formed by the distal part of the dististipes (DD) [see Fig. 306 for 
abbreviations].

Fig. 314: Poloma angulata (Eupterotidae), caterpillar (Lm), ventral view (top=anterior) -  left maxilla 
apex with lobarium and maxillary palpus (MP); only two sensilla trichodea (ST1I & III) of the lobarium 
are located along the lacinial ridge, while all other sensilla of the lobarium, including STI, are located 
on a discrete "segment" (S) [see Fig. 306 for abbreviations].
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Fig. 315: Danaus plexippus (Nymphalidae), caterpillar (Lm), ventral view (top=anterior) -  left maxilla 
apex with lobarium and maxillary palpus (MP); the three sensilla trichodea (ST1-11I) of the lobarium 
are arranged in a row along the lacinial ridge, while all other sensilla of the lobarium are located on a 
discrete "segment" (S), which is posteriorly separated from the distal part of the dististipes (DD) [see 
Fig. 306 for abbreviations]; note that this condition differs greatly from the illustration of D. plexippus 
in Grimes & Neunzig (1986b; 523, Figs 32 & 33).
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Character #H.59: Maxillary palpus anteriorly with a paired ’’mammiform 

sensillum” SC4.

> Character state (0) ’NO’; plesiomorph.

> Character state (1) 'YES'; apomorph; poorly supported.

Introduction. The apical segment of the ditrysian maxillary palpus carries apically 

eight sensilla basiconica, as well as a sensillum digitiformium on the anterior and a 

variable number of up to five sensilla campaniformia on the anterior and lateral part of 

the sclerotized wall (Fig. 316) (Grimes & Neunzig 1986a). Externally these sensilla 

campaniformia appear as a shallow depression of variable shape in the cuticle, or as a 

shallow protrusion in a depression. The exact locations of these sensilla vary between 

species, and as the homologies implied by the notations of Grimes and Neunzig (1986a) 

are based on the location only, they are often dubious. According to these authors, one 

of these sensilla campaniformia (SC4) occurs as a single, small depression at the 

proximal end of the digitiform sensillum in a few species of different families 

(Pyralidae, Hesperiidae, Nymphalidae, Bombycidae).

Description. Grimes and Neunzig (1986a) noted two "most extraordinary" sensilla 

proximally of the latero-proximal end of the digitiform sensillum in Actias lima 

(Satumiidae) and less distinct in Paonias myops (Sphingidae), which taken together they 

regarded as SC4, too. They described these sensilla as consisting of "a swollen base 

supporting a sunken dome with one or two pores in the center", and they referred to 

them as a pair of "bulbous, mammiform sensilla" (Fig. 317) (Grimes & Neunzig 1986a: 

496)).

I documented such paired SC4 sensilla in several families of the bombycoid 

complex, namely Lasiocampidae, Carthaeidae (Fig. 318), Satumiidae, Anthelidae (Fig. 

319), Eupterotidae and Spiramiopsis comma (currently placed in Brahmaeidae, but 

incerta sedis -  see Oberprieler & Duke 1994), but not in the non-bombycoid species 

Danaus plexippus (Nymphalidae). As with other sensilla campaniformia, the shape of 

these paired sensilla varies between shallow depressions and shallow protrusions in 

these taxa, but their location is constant -  proximally of the latero-proximal end of the 

digitiform sensillum.

Discussion. A paired sensillum campaniformium SC4 seems to be unique to at least 

some members of the bombycoid complex, which is why I interpret character state (1)
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as apomorphic for these taxa. However, many more taxa should be carefully examined 

than Grimes and Neunzig (1986a) and I did so far.

Summary. The appearance of these sensilla varies within a family from a shallow 

depressions over a depression with a protrusion to a shallow protrusion, and the shallow 

depressions in particular are easily overlooked. Merely the paired occurrence and 

specific location are indications of the homology of these structures. Therefore I 

consider my hypothesis of homology for the apomorphic character state (1) to be poorly 

supported.

Fig. 316: Opodiphthera helena (Satumiidae), caterpillar (LI), anterior view (top=ventral) -  apical 
segment of the maxillary palpus with a sensillum digitiformium (SD), two sensilla campaniformia (SCI 
& SC2) and a pair of "mammiform sensilla" [SC4] (large yellow arrows).
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Fig. 317: Opodiphthera helena (Satumiidae), caterpillar (LI), anterior view (top=ventral) -  the paired 
"mammiform sensilla" [SC4] (yellow arrows) of the apical segment of the maxillary palpus are located 
proximally of the sensillum digitiformium.

Fig. 318: Carthaea saturnioides (Carthaeidae), 
caterpillar (LI), meso-anterior view (left 
top=ventral) -  apical segment of the maxillary 
palpus with a sensillum digitiformium (SD), a 
sensillum campaniformium (SCI) and a pair of 
sensilla campaniformia [SC4] in the position of 
the "mammiform sensilla" in other taxa (large 
yellow arrows).

Fig. 319: Nataxaflavescens (Anthelidae), 
caterpillar (LI), anterior view (top=ventral) -  
apical segment of the maxillary palpus with a 
sensillum digitiformium (SD), a sensillum 
campaniformium (SCI) and a pair of 
"mammiform sensilla" [SC4] (large yellow 
arrows).
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Character #H.60: Caterpillar labial palpus with a mesal lappet.

> Character state (0) ’NO’; plesiomorph.

> Character state (1) 'YES’; apomorph; well supported.

Introduction. In Glossata the fused prelabium and hypopharynx carry a spinneret, 

which is bordered latero-anteriorly by the two-segmented labial palpi. Taken together 

these structures are referred to as the hypopharyngeal complex (Grimmes & Neunzig 

1986a, b; Fig. 320). In Macrolepidoptera, the basal segment of the palpi is typically 

short, broad and merged with the prelabium/hypopharynx, while the distal segment is 

simple, cylindrical and slender. The apical segment carries two apical setae, one of 

which has a pronounced tubular base and is particularly long (Fig. 325). This structure is 

remarkably constant within Macrolepidoptera.

Description. In some taxa, namely the bombycoid complex and the Notodontidae, the 

labial palpus is modified. The mesal side of the apical, cylindrical segment forms a 

lappet over its entire length. This lappet protrudes with a pointed tip slightly to distinctly 

beyond the apex of the labial palpus segment, but not beyond the two setae (Fig. 324). 

In many taxa this lappet is band-shaped (Fig. 321), but strongly enlarged to form a 

broad, apically rounded lobe in some taxa (Fig. 324). However, it is frequently strongly 

reduced to absent (Fig. 325). This mesal lappet is typically present in the first instar, but 

occasionally develops only in later instars (Figs 322, 323).

Discussion. Miller (1991: 134) had noticed these lappets in some Notodontidae 

("Character 125. Mesal Flange of the Labial Palpus."), but not in any other taxa, which 

is why he used the structure as a synapomorphy in his cladistic analyses of notodontid 

phylogeny. He noted that although he felt confident to have scored the character 

correctly, its distribution within Notodontidae conflicted with other characters. Knowing 

that this modification occurs in the bombycoid complex, too, and that it is frequently 

reduced, this "conflict" is not surprising -  the modification is a frequently reduced 

symplesiomorphy within the Notodontidae.

The function of these lappets is unknown, but it is noticeable that they protrude 

roughly as far distally as the prelabium/hypopharynx and that they close the gap between 

the labial palpi and the prelabium/hypopharynx (Fig. 324). Together they form a "wall", 

beyond which only the two setae of each labial palpus and the median spinneret protrude
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distally. A further indication of the significance of the closing of the gap between labial 

palpi and prelabium/hypopharynx could be a different modification in the Satumiidae. 

None of the examined Satumiidae species have labial palpi with mesal lappets. Instead, 

the first instar caterpillars of most examined species (including the "critical" Oxyteninae 

and Agliinae; the modification seems to be an autapomorphy of the family Satumiidae) 

have a very broad spinneret, which extends laterally as far as or beyond the labial palpi 

(Fig. 326). The width of the spinneret is reduced in later instars, which indicates a 

function of the "wall" during the first instars only -  a period during which caterpillars of 

the bombycoid complex are particularly actively producing silk, e.g., for "abseiling". 

Hence, it seems likely that this structure is linked to the production or processing of 

silken threads, possibly closing off some area if the spinneret is pushed against the 

substrate.

The mesal lappets of the labial palpi are only known from some Notodontidae and 

my own records in the bombycoid complex, which is why I interpret character state (1) 

as apomorphic for these taxa. However, my observations outside the bombycoid 

complex are not representative, and the absence of records of this structure in literature 

does not allow the ruling out of the occurrence of this structure, as indicated by the total 

lack of records for the relatively well studied bombycoid complex, in which the mesal 

lappets are common and widespread. Consultation with specialists of Geometridae (Dr. 

P. McQuillan, University of Tasmania) and Pyralidae (Dr. A. Solis, USDA) did not add 

any observations about the presence of this structure in these families. Nevertheless, as 

with the previous character, many more taxa have to be carefully examined specifically 

for the occurrence of this structure to gain more conclusive information on the 

distribution of the structure within Lepidoptera.

Summary. The modification of the labial palpus is characterized by the consistent 

location of the lappet on the mesal side of the apical segment, its extension over the 

entire length of the segment and the presence of a pointed tip distally of the segment's 

apex. Therefore I consider my hypothesis of homology for the apomorphic character 

state (1) to be well supported.
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Fig. 320: Dcmaus plexippus (Nymphalidae), caterpillar (Lm), ventral view (top = anterior) -  
hypopharyngeal complex with labial palpus (LP) and spinneret (S); note the simple structure of the 
labial palpus.

Fig. 321: Anthela n. sp. near addita (Anthelidae), caterpillar (LI), ventral view (top = anterior) -  
hypopharyngeal complex with labial palpus (LP), long mesal lappet (M) and spinneret (S); note the 
enlarged premento-hypopharyngeal lobe (PHL); note how tightly even the narrow mesal lappet closes 
the gap between the LP and the PHL.
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Fig. 322: Spiramiopsis comma (Brahmaeidae), Fig. 323: Spiramiopsis comma (Brahmaeidae), 
caterpillar (LI), antero-ventral view (top right = caterpillar (Lm), anterior view (bottom = ventral) 
anterior; bottom = ventral) -  hypopharyngeal -  hypopharyngeal complex with labial palpus
complex with simple labial palpus (LP), spinneret (LP), rounded mesal lappet (M), spinneret (S) and
(S) and premento-hypopharyngeal lobe; note the premento-hypopharyngeal lobe; note the well 
absence of a mesal lappet on the labial palpus in developed mesal lappet on the labial palpus in 
LI. Lm.

Fig. 324: Poloma angidata (Eupterotidae), caterpillar (Lm), anterior view (bottom right = ventral) -  
hypopharyngeal complex with labial palpus (LP), huge, rounded mesal lappet (M), spinneret (S) and 
premento-hypopharyngeal lobe; note how the mesal lappet closes the gap between the LP and the PHL.
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Fig. 325: Anthela canescens (Anthelidae), caterpillar (LI), anterior view (bottom right = ventral) -  
hypopharyngeal complex with labial palpus (LP), premento-hypopharyngeal lobe (PHL) and spinneret 
(S); note the remnant of the mesal lappet (yellow arrow).

Fig. 326: Opodiphthera Helena (Saturniidae), caterpillar (LI), ventral view (top right = anterior) -  
hypopharyngeal complex with labial palpus (LP), extremely broad premento-hypopharyngeal lobe and 
spinneret (S); note the absence of a mesal lappet and how the PHL extends laterally beyond the LP.
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Character #H.61: Caterpillar integument covered with minute vesicles.

> Character state (0) 'NO'; plesiomorph.

> Character state (1) ’YES’; apomorph; very well supported.

Description. As discussed and illustrated in detail above (section III.6.1), the 

integument of most anthelid caterpillars is covered by hundreds of minute, shiny 

vesicles (Figs 269, 270, 271). These vesicles occur obligatorily from the second instar 

on, and their number increases with subsequent moults. The vesicles are seemingly 

randomly distributed on most areas of the body, including the headcapsule, but not on 

the legs, mouthparts, verrucae and the ventral side. Despite a connection between 

vesicle and integument by a very thin and short "stalk" only, the vesicles are extremely 

firmly attached to the integument, probably by some external substance on the "stalk". 

The vesicle has an opening into the "stalk", from which a peg protrudes slightly into the 

lumen of the vesicle. The distal end of the vesicle seems to have a smaller opening, 

through which the contents of the vesicle is released (Fig. 276). This contents is 

probably a polar, organic substance, which is solid at room temperature and sublimates 

very slowly. The function of the vesicles is unknown, but likely to be defensive.

Discussion. The vesicles are unique to the subfamily Anthelinae, in which they occur 

obligatorily in all species I examined. They are absent in the genus Munychryia and 

potentially in all other Munychryiinae, too (other caterpillars are unknown). As I found 

no traces of vesicles or structures that might produce or fill these vesicles, I assume the 

vesicles to be primarily absent in Munychryia. In Anthelinae the density of vesicles is 

particularly high in areas with few or no setae. If the function of the vesicles was a 

defensive one, this would corroborate my assumption of primary absence of vesicles in 

the secondarily "hairless" caterpillars of Munychryia. I did not observe such or similar 

vesicles in any non-anthelid caterpillars, and to my knowledge no such or similar 

vesicles have been recorded for any caterpillars in literature. Therefore, I interpret 

character state (1) as apomorphic.

Summary. The various details described above provide ample indications of the 

homology of these vesicles in different taxa, and their obligatory occurrence renders the 

scoring of this character very reliable. Therefore, I consider my hypothesis of homology 

for the apomorphic character state (1) to be very well supported.
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Character #H.62: Abdominal segments A2-A7 with D2 verrucae larger than D1 

verrucae.

> Character state (0) 'NO'; plesiomorph.

> Character state (1) 'YES'; apomorph; very poorly supported.

Introduction. The caterpillars of many taxa have shallow protrusions with multiple

setae (verrucae) located in the position of the primary setae of other taxa. The different 

verrucae of one abdominal segment are different in location and size, and the dorsal 

verrucae are particularly prominent. In most taxa the dorsal D1 verrucae of the 

abdominal segments are distinctly larger than the D2 verrucae of the same segments 

(Fig. 328), and occasionally the D1 verrucae are even enlarged to the exclusion of the 

D2 verrucae (Fig. 329). In this case the identification of the remaining dorsal verrucae as 

either D1 or D2 is based on their location on the segment (more anteriorly or 

posteriorly) or the presence of the second pair of dorsal verrucae in earlier instars.

Description. In Anthelidae these proportions are reversed, their D2 verrucae of the 

abdominal segments A2-A7 are distinctly larger than the D1 verrucae in all instars (Fig. 

327).

Discussion. The caterpillars of the Munychryna species do not have any setae or scoli 

at all. Within the Anthelinae, only in the highly apomorphic caterpillar of Nataxa, in 

which both pairs of dorsal verrucae are strongly reduced in mature caterpillars but 

present in earlier instars, is D1 slightly larger than D2. An enlarged D2 is rarely present 

in other families, e.g., in the Lymantriidae Leptocneria reduct a, Calliteara pura and 

Euproctis baliolalis.

The abdominal D1 verrucae are larger than the D2 verrucae in most taxa. This is the 

case in all families of the bombycoid complex with verrucae or scoli, except for the 

Anthelidae. As the mere difference in relative size is only a very poor indication of 

homology, I only assume character state (1) to be apomorphic based on its absence in 

other families of the bombycoid complex and only sporadic occurrence in other taxa.

Summary. The difference in relative size is the only indication of homology and 

convergent, similar appearances as present in, e.g., Lymantriidae, cannot be 

distinguished as such on this basis. Therefore I consider my hypothesis of homology for
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the apomorphic character state (1) to be very poorly supported.

Fig. 327: Anthela acuta (Anthelidae), caterpillar (L4) -  abdominal segments A2-A7 with D2 verrucae 
(yellow arrows) larger than D1 verrucae (blue arrows).

Fig. 329: Cotana serranotata (Eupterotidae), 
caterpillar (L6), dorsal view (bottom left = 
anterior) -  abdominal segment with D 1 verrucae 
greatly enlarged and D2 verrucae absent.

Fig. 328: Epicoma sp. (Notodontidae), caterpillar 
(L4), dorsal view (bottom left = anterior) -  
abdominal segment with D1 verrucae (blue 
arrows) much larger than D2 verrucae (yellow 
arrows).
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Character #H.63: Short secondary setae with serration restricted to apex.

> Character state (0) 'No'; plesiomorph.

> Character state (1) 'Yes'; apomorph; poorly supported.

Introduction. All known caterpillars of Anthelinae are densely covered with 

secondary hairs of variable length in older instars. These secondary hairs are barbed in 

most species, and the degree varies from hardly visible to very prominent. The serration 

extends over the entire length of the hair and increases gradually from the base towards 

the apex of the hair (Fig. 330). Apically these hairs form a very prominent, pointed tip 

(Fig. 331).

Description. In a number of antheline species modified, short secondary hairs are 

located on the dorsal side of the abdominal segments, but never on the verrucae. These 

hairs are distinctly, densely barbed, but only at the apex of the hair (distal 1/16th of the 

hair length), while the rest of the hair is remarkably smooth (Fig. 332). The size of the 

barbs is roughly equal for the apical 10-20 spines, but decreases rapidly towards the 

base of the hair (Fig. 333). The hair has a pointed tip, which is not larger than the most 

distal spines.

Discussion. This type of hairs seems to be unique to some antheline species, which is 

why I interpret character state (1) as apomorphic.

In some species these only apically barbed hairs are further modified and in a 

particular arrangement, which I interpret as a subsequent modification (character #H.64 

(1) of the apomorphic character state (additive binary coding).

Summary.

The restriction of the barbs to the apex of the hair is characteristic but simple, and the 

shape and size of the apical serration are somewhat variable. Therefore, I regard my 

hypothesis of homology for the apomorphic character state (1) as poorly supported.
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Fig. 330: Pterolocera sp. B (Anthelidae), 
caterpillar (Lm) -  short, serrate secondary hair of 
the dorsal side of the abdomen; note the extent of 
the serration over most of the hair's length.

Fig. 332: Anthela reltoni (Anthelidae), caterpillar 
(L5) -  short, serrate secondary hair of the dorsal 
side of the abdomen; note the restriction of the 
serration to the apex of the hair.

Fig. 331: Pterolocera sp. B (Anthelidae), 
caterp liar (Lm) -  apex of a short, serrate 
seconcary hair of the dorsal side of the abdomen; 
note tie very long apical tip.

Fig. 333: Anthela reltoni (Anthelidae), caterpillar 
(L5) -  apex of short, serrate secondary hair of the 
dorsal side of the abdomen; note the almost equal 
size ar.d density of the distal 10-20 spines, as well 
as the short apical tip.
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Character #H.64: Lm caterpillars with dense ’’cushions” of aposematically 

coloured, apically multiple-forked hairs on abdominal segments A2-A7.

> Character state (0) ’NO’; plesiomorph.

> Character state (1) 'YES'; apomorph; very well supported.

Description. Many caterpillars carry brushes, tufts or cushions of specialized hairs on 

the dorsal side of some segments, and these can be used as highly diagnostic characters. 

In some anthelid taxa the abdominal segments A2-A7 have a dorsal area of specialized, 

short hairs (Figs 334, 338). These "cushions" consist of densely packed, apically 

multiple-forked, short and stiff hairs, which are greyish-blue to blue (Figs 335, 337). 

The hairs are of the type described as character #H.63 state (1), but are unique in having 

apically 3 (occasionally 2 or 4) barbs, which are much larger than any other barbs of the 

hair and protrude a long way beyond the apex of the hair shaft (Figs 339, 340). The 

cushions of these hairs extend sagitally from anteriorly to the D1 verrucae up to the D2 

verrucae, and transversely over most of the dorsal side, therefore surrounding the D1 

verrucae, but not the D2 verrucae (Fig. 336). They are surrounded by an area of minute, 

red hairs, which are apically multiply forked (Figs 336, 337, 341).

Discussion. I never observed the function of these "cushions" directly, but the 

characteristics of these hairs and arrangement in dense cushions suggests a defensive 

function.

I reared two species with such hair cushions, namely Anthela rubicunda (Fig. 338) 

and A. guenei (Fig. 334). In both species these hair cushions were only present in the 

final instar caterpillars. As typical for the hairs of Anthelidae in general, these hairs were 

incorporated in the outer layer of the cocoon (see character #H.67). In two instances I 

found a few of such apically multi-forked hairs embedded in the abdominal skin of a 

male moth (ANIC/AZ 13: A. callileuca; ANIC/AZ 263: A. callispila). In A. callileuca 

the extreme apical spines are a bit smaller and with a larger apical tip than illustrated for 

A. rubicunda in Fig. 340, but they match exactly the hairs arranged in the typical 

cushion in an unidentified caterpillar from QLD, Biggenden, Bluff Range (ANIC 

caterpillar collection, vial #3061). In both cases the hairs found in the abdominal skins 

are likely to have penetrated the abdomen of the soft moth during eclosion from a 

cocoon "armed" with such hairs, and hence I score both species as possessing these 

cushions of hairs, even though their caterpillars are unknown.
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Occasionally, cushions of densely packed hairs also occur in non-anthelid taxa, e.g., 

the final instar caterpillars of Cotana serranotata (Fig. 342), Panacela lewinae (both 

Eupterotidae) and Epicoma spp. (Notodontidae) (Figs 343, 344). However, their 

cushions differ from the ones in Anthelidae in structural details, e.g., their hairs are 

apically simple (Eupterotidae) or the cushions are restricted to an area between the D1 

verrucae of one segment and the hairs are barbed differently {Epicoma spp.).

Abdominal hair cushions with the characteristics described above are unique to some 

anthelid species. Therefore, I interpret character state (1) as apomorphic.

Summary. These cushions of specialized hairs are characterized by several details, 

particularly their specific location and extent, the density, the multiple-forked tips of the 

spines and the aposematic colour. Given the number of indications of homology, I 

consider my hypothesis of homology for the apomorphic character state (1) to be very 

well supported.

Fig. 334: Anthela guenei (Anthelidae), caterpillar (Lm) -  abdominal segments A2-A7 carry a dorsal, 
dense cushion of aposematically coloured, apically multiple-forked spines.
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Fig. 335: Anthela guenei (Anthelidae), caterpillar (Lm) -  thoracic segments without and abdominal 
segments A2-A3 with a dorsal, dense cushion of aposematically coloured, apically multiple-forked 
spines.

Fig. 336: Anthela guenei (Anthelidae), caterpillar (Lm) -  abdominal segment with a dorsal, dense 
cushion of aposematically coloured, apically multiple-forked spines; cushion envelops D1 but not D2 
verrucae.
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Fig. 337: Anthela guenei (Anthelidae), caterpillar (Lm) -  abdominal segment with a dorsal, dense 
cushion of aposematically coloured, apically multiple-forked spines.

Fig. 338: Anthela rubicunda (Anthelidae), caterpillar (Lm) -  abdominal segments A2-A7 carry a 
dorsal, dense cushion of aposematically coloured, apically multiple-forked spines.
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Fig. 339: Anthela rubicunda 
(Anthelidae), caterpillar (Lm) -  
specialized hair of hair cushion.

Fig. 340: Anthela rubicunda 
(Anthelidae), caterpillar (Lm) -  
apex of specialized hair with 
very long apical barbs (hair 
cushion).

Fig. 341: Anthela rubicunda 
(Anthelidae), caterpillar (Lm) -  
minute hair of field of red hairs 
surrounding the hair cushions.

Fig. 342: Cotana serranotata (Eupterotidae), caterpillar (Lm), dorsal view (left = anterior) -  
abdominal segment with a dense cushion of short setae between the prominent D1 verrucae of one 
segment.
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Fig. 343: Epicoma sp. (Notodontidae), caterpillar 
(L4), dorsal view (left = anterior) -  two 
abdominal segments with a dense cushion of short 
setae between the prominent D1 verrucae of each 
segment.

Fig. 344: Epicoma sp. (Notodontidae), caterpillar 
(L4), dorsal view (left = anterior) -  short, stiff, 
serrate hairs of cushion on the abdominal 
segments.
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Character #H.65: Abdominal segment At with a pair of hair brushes on the D2 

verrucae.

> Character state (0) 'NO'; plesiomorph.

> Character state (1) 'YES’; apomorph; moderately supported.

Description. In many anthelid species the first abdominal segment carries a pair of 

hair pencils. These hair pencils consist of particularly long, thin and soft hairs, which 

arise closely approximated and largely parallel to each other from the D2 verrucae. In 

some taxa they form very prominent, white, red or black hair pencils, which protrude 

above the surrounding other setae (Figs 347, 348, 349). These brushes are absent in the 

first instar, but occur in the second and subsequent instars (Figs 345, 346). They are 

particularly well developed in the final instar in some taxa (e.g., Anthela astata), while 

they are only present in second and third instar but entirely lost in the final instar in 

other taxa (e.g., A. nicothoe). In other anthelid taxa they clearly do not occur in any 

instar.

Discussion. These hair brushes are unique to some Anthelidae, which is why I 

interpret character state (1) as apomorphic.

Summary. The main indications of the homology of these hair brushes in different 

taxa are their origin on the D2 verrucae of the abdominal segment A1 and their closely 

parallel arrangement. Other characteristics like length and colour are very variable and 

more useful for diagnostic purposes. The subsequent loss of these brushes in later 

instars makes an accurate scoring of this character difficult as it requires the rearing of 

caterpillars. Further, it seems likely that the absence of these hairs even in early instars 

of some taxa is a continuation of this tendency to reduce these hair brushes. Therefore I 

consider my hypothesis of homology for the apomorphic character state (1) to be 

moderately supported.
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Fig. 345: Anthela astata (Anthelidae), caterpillar 
(LI) -  abdominal segment A1 does not carry any 
hair brushes on the D2 verrucae.

Fig. 347: Anthela astata (Anthelidae), caterpillar 
(L4) -  abdominal segment A1 carries dorsally a 
pair of long, white hair brushes on the D2 
verrucae.

Fig. 346: Anthela astata (Anthelidae), caterpillar 
(L2) -  abdominal segment A1 carries dorsally a 
pair of red hair brushes on the D2 verrucae.

Fig. 348: Anthela repleta (Anthelidae), caterpillar 
(L4) -  abdominal segment A1 carries dorsally a 
pair of short, black hair brushes on the yellow D2 
verrucae.
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Fig. 349: Anthela reltoni (Anthelidae), caterpillar (L4) -  abdominal segment A1 carries dorsally a pair 
of small, white hair brushes on the D2 verrucae.
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Character #H.66: Bending cuticle of proleg with two layers of transverse 

microfibrils.

> Character state (0) ’NO’; plesiomorph.

> Character state (1) 'YES'; apomorph; moderately supported.

Introduction. In an outstanding publication on the adhesive devices of caterpillars,

Hasenfuss (1999) noted a peculiarity of the caterpillar proleg cuticle, which he proposed 

as a synapomorphy of Bombycoidea sensu lato. This rather recently discovered and not 

widely known characteristic might be the most convincing synapomorphy of the 

bombycoid complex proposed so far. I cannot add any own information and this 

character analyses is solely based on the descriptions and illustrations by Hasenfuss 

(1999: 146, 156, 158, Figs 3C & 13).

Hasenfuss (1999: 145) distinguishes three types of cuticle based on the arrangement 

of fibrillary chitin micelles. One of these types, which he termed "pad cuticle", has the 

fibrillary micelles arranged obliquely at an angle of 45° to the cuticle surface, rather than 

parallel to it.

Description. In the older caterpillar instars the mesal side of the "subcorona", which 

is an area of the proleg proximally of the crochets (chitinous hooks), consists of 

different cuticle types. In Macrolepidoptera a single layer of "pad cuticle" is located 

beneath the epicuticle, followed by a layer of "normal cuticle" and a layer of "undulated- 

type cuticle". All members of the bombycoid complex examined by Hasenfuss (1999) 

differ from this scheme in as much as they have a second layer of "pad cuticle" between 

the "normal cuticle" and the "undulated-type cuticle".

Discussion. The occurrence of a second layer of "pad cuticle" is restricted to a certain 

area, the mesal area of the "subcorona". Further, this pad-cuticle seems to extend no 

further than the "regular" layer of "pad cuticle" does -  it appears as a duplication of the 

"pad cuticle", separated from the "regular" layer by a layer of "normal cuticle". The "pad 

cuticle" itself is a structure repeatedly found in different locations and hence its 

structural details provide no indications of the homology of this structure in a specific 

location, as it is the case with other repeatedly occurring structures, e.g., setae.

1 did not examine any caterpillars for this characteristic myself, and Hasenfuss (1999) 

did not examine all families of the bombycoid complex. Nevertheless, with the
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exception of Mimallonidae he examined members of all those families for which the 

placement in the bombycoid complex has been controversial -  other families are linked 

to one of these by other characteristics. These are the Lasiocampidae, Endromidae, 

Sphingidae, Bombycidae (Bombycinae), Satumiidae, Lemoniidae and Brahmaeidae. 

The number of different species and instars he examined was unusually large and very 

representative of this group, but, probably even more important, also of non-bombycoid 

Macrolepidoptera. This is a better basis for the assessment of the occurrence of this 

characteristic than presently available for most other synapomorphies proposed for the 

bombycoid complex. According to Hasenfuss (1999: 158) this characteristic only occurs 

in members of the bombycoid complex, hence I interpret character state (1) as 

apomorphic for these taxa.

Summary. The only indications of homology are the specific location and extent, 

which is why I consider my hypothesis of homology for the apomorphic character state 

(1) to be moderately supported.
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Character #H.67: Cocoon "double-walled”.

> Character state (0) 'NO'; plesiomorph.

> Character state (1) 'YES’; apomorph; moderately supported.

Introduction. Many Lepidoptera form a silken shelter for pupation, and the cocoons

of most members of the bombycoid complex are particularly elaborate. Except for some 

taxa pupating in the ground (e.g., Sphingidae), the caterpillars spin sack-like cocoons 

with walls of variable thickness, occasionally incorporating the caterpillars hairs.

Description. In Anthelidae the wall of the cocoon consists of two distinct layers (Fig. 

350). The hairs and spines of the caterpillar are incorporated in the outer wall, in some 

taxa apparently at random, but in others radiating from the cocoon (e.g., Cheleptetyx 

collesi, Anthela nicothoe). The inner layer is a smooth lining, which covers the ends of 

the hairs incorporated in the outer layer and probably serves as a protection for the pupa 

and emerging moth. The basic structure of a double-walled cocoon is retained in taxa 

with more specialized cocoons. It is present in the subterranean cocoons of Pterolocera 

as well as in the hanging, smooth cocoons of a species group including, amongst others, 

A. stygiana, A. xantharcha and A  unisigna. In these species the hairs are not protruding 

through the outer layer, but are laying flat between the two closely approximated layers. 

This "thin" composite wall is covered by an additional substance externally. The 

opposite is the case in a species group including A. acuta, A. astata and A. varia. Their 

cocoons are particularly thick, consisting of a thin inner lining and multiple, loose outer 

layers of silk and hairs. Irrespective of these modifications, all of these cocoons are 

"double-walled".

Discussion. In the field I partly observed the spinning of a cocoon by C. collesi, 

which has spines radiating from the cocoon (see above, section 1.2.5). Initially the outer 

wall is spun without hairs penetrating it. This indicates that the construction of the 

cocoon proceeds by spinning the outer layer, followed by the "rubbing off' and 

penetrating of the spines and a final spinning of the inner lining, with the latter two 

actions possibly occurring at the same time. Such a sequence is a possible explanation 

for the presence of two distinct silken layers.

I do not have a cocoon of the genus Mimychryia available, as none are preserved in 

the ANIC and my own livestock of M. senicula died prior to pupation. No double-
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walled cocoon is mentioned for this species in literature, but Common and McFarland 

(1970: 14) illustrated and described it as "Elongate-elliptical, of tough pale brown or 

pale tan silk, internal surface smooth, pupa not visible through walls.". The smooth 

internal surface and the visible outer surface argue for a double-walled cocoon as in 

other Anthelidae, which might not be obvious if the two walls were closely 

approximated as in some other species.

The wall of the silken cocoons of the bombycoid complex generally consists of a (or 

probably several) silken thread stuck onto objects like leaves and branches, as well as 

onto itself. Independently of how often a thread is stuck onto itself (how thick the wall 

is), the wall is a single structure. The double-walled cocoon, in which the wall consists 

of a smooth inner lining and at least one outer layer, seems to be unique to the 

Anthelidae. A smooth inner lining is also present in other taxa that incorporate hairs in 

their cocoon (e.g., Calliteara para (Lymantriidae)), but in these taxa the inner lining is 

merged with the rest of the cocoon. Therefore I interpret character state (1) as 

apomorphic.

Summary. Without having observed the actual construction of the cocoon, the two 

layers and the incorporation of hairs either in the outer layer or between the two layers 

are the only indications of homology. Therefore I consider my hypothesis of homology 

for the apomorphic character state (1) to be moderately supported.

Fig. 350: Anthela guenei (Anthelidae), cocoon -  cross-section through the double-walled cocoon; the 
outer wall (green arrow) is "armed" with protruding spines from the caterpillar, while the inner wall 
(yellow arrow) is a smooth lining, protecting the pupa and emerging moth against the embedded spines.
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Character #H.68: Subterranean cocoon with silken exit tube.

> Character state (0) ’NO’; plesiomorph.

> Character state (1) 'YES'; apomorph; well supported.

Introduction. Silken cocoons are generally constructed in relatively exposed 

conditions -  attached to a twig, under bark, between leaves at a tree or between debris 

on the ground. If pupation takes place in the ground, it is typically within a horizontal 

chamber formed in the soil, occasionally including a few silken threads, but without a 

silken cocoon.

Description. In some species of the anthelid genus Ptero/ocera, pupation takes place 

within a double-walled, silken cocoon with hairs embedded in the outer layer of the 

wall. Unlike other Anthelidae, this cocoon is constructed vertically within the soil and 

has a silken exit tube to the surface.

Discussion. The length of the cocoon exit tube depends on the depth at which the 

cocoon is constructed, and this is most probably linked to the climate and the density of 

the soil. A cocoon of this type has been described in detail for Ptero/ocera isogama by 

McGauran (1951).

Such a cocoon is typical of grass-feeding Ptero/ocera species and the pupation in the 

ground is likely to be an adaptation to either hot and dry conditions in the open habitat, 

or to burning of the habitat. Not all Ptero/ocera species feed on grasses, and a Western 

Australian species I raised on Banksia species pupated without restless searching for a 

pupation site in a silken cocoon within some tissue paper. However, this pupation 

occurred in captivity and in the absence of soil, hence a subterranean cocoon might have 

been constructed under natural conditions.

No other anthelid species, including those known to feed on grasses (A. ferruginosa 

group, A. denticulata group, A. oceZ/ata group), pupate in this particular way. The 

subterranean cocoon with a silken exit tube is unique to the anthelid genus Ptero/ocera, 

which is why I interpret character state (1) as apomorphic.

Summary. The cocoon differs from other anthelid cocoons by its silken exit tube and 

the location in the soil. Further, the vertical orientation of the cocoon within the soil is 

very unusual for subterranean pupation, which is in a horizontal orientation in all other 

taxa. Therefore I consider my hypothesis of homology for the apomorphic character
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state (1) to be well supported.

Fig. 351: Pterolocera sp. (Anthelidae), cocoon -  Fig. 352: Pterolocera sp. (Anthelidae), cocoon -
subterranean cocoon with a short silken exit tube. opening of the short, silken exit tube of the

subterranean cocoon.
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III.7 ) P hylogenetic hypotheses

In the previous section I presented and discussed hypotheses of homology as well as 

hypotheses of character polarity of these proposed homologies. Taken together they 

form hypotheses of apomorphy, which are the basis for the postulation of monophyletic 

taxon groups, as argued for by Hennig (1950). Each monophylum identified by 

apomorphies is part of a larger monophylum identified by other apomorphies. This 

encaptic system of hypothesized monophyla establishes the hypothesized evolutionary 

relationships of these taxa and can be illustrated in a dendrogram ("Hennigian 

Argumentation scheme"). The better founded and the larger in number the hypotheses of 

apomorphy of one monophylum are, the better supported is the hypothesis of 

monophyly.

Based on my hypotheses of apomorphy I construct an encaptic system of 

hypothesized monophyla for the Anthelidae (Fig. 354) and the bombycoid complex 

(Fig. 355). The actual construction is simple for apomorphies that support compatible 

monophyla, and therefore I do not spell out the process for all apomorphies supporting 

compatible monophyla. An example of such compatible monophyla is the group of 

species consisting of Anthela addita, A. virescens, A. phaeodesma and A. ferruginosa. 

Apomorphy H.14(l) is shared by A. addita and A. virescens, which is why 1 postulate 

these species to form a monophylum. Apomorphy H. 13(1) occurs in this monophylum 

and in A. phaeodesma, supporting a monophylum consisting of A. addita, A. virescens 

and A. phaeodesma. Apomorphy FI. 12(1) is present in the latter monophylum and A. 

ferruginosa, which supports the hypothesis of all four species forming a monophyletic 

group.

However, some hypotheses of apomorphy support hypotheses of monophyly that are 

not compatible with each other. For example, apomorphy H.41(l) supports a 

monophylum consisting of Anthela ocellata, A. oressarcha and Nataxa flavescens, 

while apomorphy H.43(l) supports a monophylum consisting of N. flavescens, A. 

nicothoe and A. excellens. N. flavescens alone cannot be a member of both monophyla, 

which is why these two monophyla are incompatible. If the character states have been 

scored correctly, one of the two hypotheses of apomorphy must be incorrect. The 

mistake can be within the hypothesis of homology or within the hypothesis of polarity of 

either apomorphy. A re-examination of both hypotheses is necessary, and if no mistake
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can be found, only the hypothesis of monophyly is retained that is better supported by 

the number and quality of the hypotheses of apomorphy, while the less supported 

hypothesis of monophyly is refuted. If no decision between apomorphies supporting 

incompatible monophyla can be made on this basis, the conflict is presented as a 

polytomy in a consensus dendrogram. Any incompatibilities require an ad hoc 

explanation for one of the hypotheses of apomorphy, e.g., the postulation of a 

convergence, a '’reversal" or a loss. In the chosen example the monophylum consisting 

of N. flavescens, A. ocellata and A. oressarcha is clearly refuted by the higher quality of 

apomorphy H.43(l) and additionally by apomorphy H.23(l). Being the most 

parsimonious explanation, I postulate ad hoc a convergent development of character 

#H.41 state (1), the distal displacement of muscle m7 by muscle m5 in the valva of N. 

flavescens.

III.7.1) The Anthelidae
My argumentation on anthelid phylogeny meets the two conditions required for 

Hennigian Argumentation (see section III.4.2), namely the use of monophyletic terminal 

taxa and the use of ground plan character states for these terminal taxa. I use species as 

terminal taxa, or occasionally combine species in species complexes if this reduces the 

number of unknown character states. The character states scored for these taxa are 

representative for all specimens examined and not variations of individual specimens. 

All apomorphies that appear to be autapomorphies of terminal taxa in my dendrogram 

are synapomorphies of species that are very similar to the terminal taxa (identical 

character states) and omitted for the sake of clarity. I now discuss individually all those 

monophyla within the Anthelidae that are incompatible with other monophyla and 

require ad hoc explanations.

The placement of Nataxa flavescens not only requires the ad hoc postulation of a 

convergence as discussed above (section III.7), but also an ad hoc postulation for a 

"reversal" of apomorphy H.62(l), the larger size of the larval D2 verrucae compared to 

the D1 verrucae. In this species the D2 verrucae are reduced and even entirely lost in the 

final instar caterpillar, hence the D1 verrucae are larger than the D2 verrucae. This 

appears as being the plesiomorphic character state. A large number of apomorphies, 

some of which are very well founded, supports the proposed placement of N. flavescens 

and clearly refutes an alternative placement suggested by character #H.62.
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Anthela nicothoe lacks apomorphy H.23(l), while being a member of a well 

supported [H.43( 1)] monophylum that otherwise shares apomorphy H.23(l). 

Apomorphy H.23(l) is the very long valva apodeme extending anteriad, together with 

the valva apodeme lobe. This structure is present in A. nicothoe but extends ventrad 

rather than anteriad. Therefore, I postulate a secondary reduction of this apomorphy for 

this species.

Character #H.40 concerns the attachment of muscle m5 to the vinculum and/or the 

valva in male genital structures, which is an unusually variable attachment within other 

families (see section III.2.2; Kuznetzov & Stekolnikov 2001). Changes between the 

different attachments in either direction are so common in other families and are such 

simple modifications that I cannot argue for any preference of one direction of change 

over the other. Apomorphy H.40(l) provides weak support for a large monophylum that 

includes A. excel lens and A. adriana, based on numerous other apomorphies. These two 

species have the presumed plesiomorphic character #H.40 state (0), which I interpret as 

a "reversal" in these two species. Further, apomorphy H.40(l) is present in the genus 

Pseudodreata and in an undescribed antheline species, but not in Chenuala heliaspis 

and Pterolocera sp. B. This distribution of apomorphies can be interpreted in different 

ways. Three equally parsimonious explanations are possible, each requiring the 

postulation of two independent ad hoc explanations of convergences and reversals (Fig. 

353). I have no grounds for choosing between these alternative topologies supported by 

apomorphy H.40(l), which is why I present them as two polytomies in the dendrogram 

(Fig. 354).

Apomorphy FI.65(1), the presence of hair brushes on abdominal segment A1 in the 

larva, is one of three apomorphies that support a very large monophylum. A strong 

tendency to reduce these brushes is apparent in A. nicothoe, in which poorly developed 

brushes are present only in the early caterpillar instars (see discussion of character 

#H.65 in section III.6.2). These brushes are entirely absent in all other species of a 

monophylum including A. nicothoe. Similarly, these brushes are absent in A. guenei and 

possibly other species related to it, for which the caterpillars are still unknown. In all 

cases several other apomorphies support the placement of these species lacking 

apomorphy H.65(l) within the monophylum supported by apomorphy H.65(l), which is 

why I postulate independent strong reductions or losses for these two taxa.

The interpretation of apomorphy H.27( 1) is difficult. It is widespread within
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Anthelidae and weakly supports a large monophylum that includes several taxa which 

are placed within it by other apomorphies but lack apomorphy H.27(l). Apomorphy 

H.27(l) is a sclerotized, transverse ridge on the mesal side of the valva and its loss 

seems likely for A. ocellata, in which the valva is generally only weakly sclerotized. 

Likewise, the very strong reduction of the entire valva in Omphaliodes obscura is a 

plausible explanation for the loss of this ridge and other features of the valva in this 

species. However, another two or three losses have to be postulated without any 

apparent reasons for the losses, namely for the monophylum supported by apomorphy 

H.23(l), the monophylum supported by apomorphy H.4(l) and all species of the genus 

Ptero/ocera, except for the generally less derived species P. isogama. If the absence of 

27(1) in the former two monophyla was a secondary loss, this loss would very poorly 

support the monophyly of these two groups as shown in Fig. 354. As I assume the 

absence of H.27(1) in O. obscura to be caused by the overall reduction of the valva, 1 do 

not include this species in this tentative group. Further, the homologization of a 

structure present in an undescribed antheline species with apomorphy H.27(l) is poorly 

supported, as stated in the discussion of character #H.27. If this homologization is 

incorrect, apomorphy H.27(l) would, in addition to apomorphy H.42(l), support the 

current topology that is incompatible with a monophylum very weakly supported by 

apomorphy H.53(l).

In addition to this potential incompatibility with apomorphy H.27(l), apomorphy 

H.53(l) supports a monophylum consisting of an undescribed antheline species and 

Chenuala heliaspis, which is incompatible with the large monophylum supported by 

apomorphy H.42(l). The hypothesis of apomorphy H.42(l) is much better supported 

than the hypothesis of apomorphy H.53(l), which is why I assume similar subapical 

protrusions of the fore wing termen [H.53(l)] to have evolved independently in the 

undescribed antheline species and C. heliaspis. This is further indicated by a difference 

in location of the protrusion, as discussed for character #H.53 (section III.4.2).

Apomorphy H.44(l) is one of many characters supporting the monophyly of 

Anthelinae. Character #H.44 refers to the orientation of the lamella antevaginalis to the 

lamella postvaginalis in female genital structures. In A. dementi and A. asterias the 

sclerotization termed lamella antevaginalis is lost, which is why I scored character 

#H.44 as absent for these two taxa. However, while the lamella antevaginalis is absent, 

the remaining membrane has about the same orientation as the lamella antevaginalis in
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species with apomorphy H.44(l), which is why I postulate the absence of apomorphy 

H.44(l) to be a loss in these two species. This loss might be an apomorphy of the 

monophylum supported by apomorphy H.63(l) [the states of H.63 are unknown for A. 

rubicunda, A. guenei and A. calli/euca], but being a loss the remnants of the structures 

hardly support this hypothesis, and more species of this monophylum have to be 

examined in any case.

Apomorphy H.47(l), the areole formed in the fore wing, is very constant and 

supports the monophyly of the family Anthelidae. However, it is absent in Omphaliodes 

obscura, in which the areole forming veins Rs2 and Rs3 show intraspecific variation. 

Therefore, I interpret the condition present in O. obscura as a secondary loss.

Apomorphy H.22(l) supports a large monophylum including the genera 

Pseudodreata and Corticomis, which is incompatible with the monophyla supported by 

the apomorphies H.27(l) and H.42(l). Character #H.22 refers to the valva apodeme lobe 

and its mesad protrusion, which is rather variable between species as mentioned in the 

discussion of the character (section III. 1.4). Therefore, I interpret the presence of 

apomorphy H.22(l) in Pseudodreata and Corticomis as a convergent development of a 

similar condition, which I homologized incorrectly with apomorphy H.22(l). The 

resulting topology also fits to the inapplicability of apomorphy H.l 1(1), which is caused 

by a secondary loss of the sclerotization of the gnathos and the mesal protrusion (as 

indicated by membranous remnants). A tendency towards a reduction of these 

sclerotizations is also apparent in C. heliaspis, but the sclerotization is partially present 

in some specimens of this species.

Another incompatibility concerns apomorphy H.6(l). This apomorphy supports a 

monophylum consisting of A. rubicunda, A. guenei and A. asterias & callispila, as well 

as Pseudodreata & Corticomis. I scored apomorphy H.6(l) as present for these two 

genera as part of additive binary coding, based on my hypothesis of apomorphy H.7(l) 

being a subsequent modification of H.6(l) (see the discussion of character #H.7 in 

section III. 1.4). This hypothesis is refuted by numerous well supported other 

apomorphies that support the topology presented in Fig. 354. Therefore, I postulate the 

apparent apomorphy H.6(l) to be a convergence in Pseudodreata and Corticomis.

Apomorphy H.45(l) is one of three characters supporting a very large monophylum 

that includes a very well supported monophylum containing A. varia (state unknown for 

A. astata). In this species the plesiomorphy H.45(0) appears to be present, which I
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interpret as a "reversal".

The same monophylum containing A. varia appears to have plesiomorphy H.39(0), 

while being part of a very well supported monophylum possessing apomorphy H.39(l). 

This appears to be a reversal of apomorphy H.39(l), an interpretation supported by the 

almost intermediate condition present in A. euryphrica (see the discussion of character 

#H.39 in section III.2.4).

Within the Munychryiinae different incompatible monophyla are supported by two 

apomorphies. Apomorphy H.32(l) supports the monophyly of an undescribed 

munychryiine species and Munychyia senicula, exclusive of Gephyroneura cosmia, in 

which the plesiomorphy H.32(0) appears to be present. This apparent plesiomorphy in 

G. cosmia is the lack of a comutus, which could have been caused by a secondary loss. 

The second incompatible monophylum is supported by apomorphy H.50(l), which is the 

partial fusion of the primary Rs branches in the fore wing of the undescribed 

munychryiine species and G. cosmia. Such a monophylum would be incompatible with 

the chosen monophylum, which is supported by two other, better founded hypotheses of 

apomorphy. Two ad hoc explanations are possible for the present distribution of 

apomorphy H.50(l): Either plesiomorphy H.50(0) is a reversal in M. senicula, or 

apomorphy H.50(l) evolved convergently in G. cosmia. The condition present in M. 

senicula does not differ from the typical plesiomorphic condition. In contrast, the partial 

fusion of the veins [H.50(l)] differs moderately in length between the undescribed 

munychryiine species and G. cosmia, and the venation of the radial sector of G. cosmia 

differs further by the stalking with Ml. Therefore, I favour the latter ad hoc explanation 

of a convergent development of H.50(1) in G. cosmia.

The phylogenetic hypotheses summarized for Anthelidae in Fig. 354 are not equally 

well supported. Most of the hypotheses concerning older splits are much better 

supported by a larger number of apomorphies than are hypotheses of younger splits. The 

large, unresolved polytomy supported by apomorphy H.22(l) is the extreme. However, 

within this polytomy several monophyla are based on single, well supported hypotheses 

of apomorphy.
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III.7.2) The bombycoid complex
The Hennigian Argumentation of the bombycoid complex based on morphological 

characters is carried out as described above for the Anthelidae (section III.7.1). As in 

any other Hennigian Argumentation, the two conditions of using monophyletic terminal 

taxa and using ground plan character states for these terminal taxa must be met (see 

section III.4.2). In the case of the bombycoid complex the terminal taxa are not 

exemplar species but families for which the monophyly is hypothesized. It is beyond the 

scope of this study to examine the monophyly of these often cosmopolitan families. 

Instead, 1 rely on published hypotheses, namely the ones of Lemaire and Minet ([1998]; 

based on Minet 1994). Unlike the hypotheses of other authors, their hypotheses are 

based on explicitly stated and, hence, verifiable apomorphies. However, I believe 

several of their hypotheses of apomorphy to be poorly supported or incorrect, which is 

problematic for my assumption of monophyly of the terminal taxa. Of all their proposed 

hypotheses the monophyly of the family Bombycidae is least convincingly supported. 

To ensure monophyletic terminal taxa I originally scored all characters separately for the 

four bombycid subfamilies, but the information on these subfamilies available to me is 

too limited for this approach to be feasible, because of a lack of specimens and 

publications on morphology. In the absence of alternatives 1 tentatively accept the 

hypothesis of monophyly of the Bombycidae sensu Lemaire and Minet [1998] (based on 

Minet 1994) and construct a hypothetical ground plan for the family based on the 

limited information I have. The subfamilies differ only in two of the examined 

characters (#H.46 and #H.55), and these differences are discussed below in the context 

of ad hoc explanations.

The hypothetical ground plans used for scoring the characters are derived by 

outgroup comparison. The character states that are only present within a subset of taxa 

of the family but not the outgroup are apomorphies of these taxa, but not states of the 

hypothetical ground plan. In contrast, I interpret the character state that is present within 

as well as outside the family as the state to be assigned to the hypothetical ground plan 

of the family. If the state present within the family is absent in the outgroup, this is an 

autapomorphy of the familiy and hence its state in the ground plan (in the case of several 

unique states within the family its ground plan state remains to be worked out by 

phylogenetic hypotheses based on other apomorphies within the family). This 

interpretation requires that the hypothesis of homology of the apomorphic character
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state is well supported. This is the case for complex structures, but not for character 

states involving strong reduction or absence. Hence, if a structure is present outside the 

family as well as in a subset of taxa within the family, but absent in a different subset 

within the family, I nevertheless assign the presence of the structure to the hypothetical 

ground plan of the family, assuming a (possibly repeated) loss in some taxa of the 

family. All characters used in this argumentation have been scored according to this 

principle. As for the Anthelidae, I now discuss individually all those monophyla within 

the bombycoid complex that are incompatible with other monophyla and require ad hoc 

explanations.

Apomorphy H.51(1), the fusion of the fore wing radial sector with Rsl branching off 

most distally, supports a monophylum that is incompatible with several monophyla 

supported by other apomorphies. One of these is the better supported apomorphy H.37 

(1), the lateral spine-shaped projection of the abdominal segment A1 of imagines, which 

supports a monophylum consisting of Anthelidae and Eupterotidae. As apomorphy H.51 

(1) is present in some but not all Brahmaeidae and the state in the ground plan of the 

family can not be postulated with confidence (see character #H.51 in section III.4.2) this 

apomorphy is inconclusive for hypothesizing relationships between Lemoniidae, 

Brahmaeidae, Eupterotidae and Anthelidae. If all of these families are monophyletic as 

assumed, this apomorphy would have evolved independently in Lemoniidae, 

Eupterotidae and some Brahmaeidae. Alternatively, apomorphy H.51(1) supports a 

monophylum consisting of Eupterotidae, Lemoniidae and possibly Brahmaeidae (or 

even including Satumiidae and Anthelidae, in which case the plesiomorphic state H.51 

(0) in Anthelidae would have to be explained as a reversal), in which case apomorphy 

H.37(l) would have been lost secondarily in Lemoniidae and Brahmaeidae. This 

possibility cannot be ruled out, especially as the abdominal spine [H.37( 1)] is variably 

well developed and frequently reduced in Anthelidae, and so far the spine is only known 

from a single Eupterote species in Eupterotidae. A convergent evolution of the spine in 

Anthelidae and the Eupterote species is a further possibility, but more eupterotid species 

should be examined. In addition to these convergent fusions two further independent 

fusion events have to be postulated for the Satumiidae and for the Endromidae plus 

Mirinidae in the preferred topology. A reversal of apomorphy H.51(1) in Anthelidae, 

some Brahmaeidae and possibly Sphingidae, Carthaeidae and Bombycidae is yet another
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possible ad hoc explanation. However, as the branches of the radial sector are rather 

widely separated from each other in the Anthelidae and a tendency to fuse rather than to 

split the radial sector seems to exist (see character #H.46 in section III.4.2), I prefer the 

less parsimonious but more plausible explanation (multiple independent fusion events) 

over the more parsimonious explanations of multiple evolution of the splitting of fused 

branches. The incompatibility of apomorphy H.51(l) with not only one but several other 

apomorphies supports the notion in section III.4 that differences in wing venation are 

not necessarily reliable characters as convergent developments are very difficult to 

recognize as such.

Fusions of radial sector branches differ also between subfamilies of the Bombycidae. 

A unique fusion, at least for the bombycoid complex with Rsl branching off most 

basally, is present in the subfamilies Bombycinae, Apatelodinae and probably 

Phiditiinae (reduced), possibly being a synapomorphy of these three subfamilies. 

However, in the only other bombycid subfamily, Prismostictinae, the branches of the 

radial sector are fused differently from this unique fusion as well as from apomorphy 

H.51(l). In this subfamily the fork in the Rsl/Rs2 branch is located more distally than 

the fork in the Rs3/Rs4 branch [apomorphy H.46(l)], the opposite of the condition 

present in the other bombycid subfamilies, which appears as plesiomorphy H.46(0). 

Accepting the poorly supported hypothesis of monophyly of the Bombycidae, I assume 

the seemingly plesiomorphic condition to be part of the unique fusion present in these 

three bombycid subfamilies, and assign the apomorphy H.46(l) of the Prismostictinae to 

the hypothetical ground plan of the family Bombycidae.

A second difference between the bombycid subfamilies is present in character #H.55, 

which has the plesiomorphic state in the Apatelodinae, but the apomorphic state in 

Prismostictinae, Bombycinae and Phiditiinae. In the Apatelodinae the antennal 

flagellomeres of the imagines do not have a ventro-median process [plesiomorphy H.55 

(0)], while such a process is present in at least some members of all other subfamilies. In 

these other subfamilies the occurrence of the process is limited to the most distal 

segments of the antenna only. Assuming the Bombycidae to be monophyletic, I assign 

apomorphy H.55(l) to the ground plan of the Bombycidae and interpret the absence in 

the Apatelodinae as a loss of the structure. Such losses occur frequently in other families 

of the bombycoid complex, too, which is problematic for the interpretation of the 

absence in the almost monotypic families Endromidae and Mirinidae. Due to species
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numbers the situation is less uncertain in the large family Lasiocampidae and in the 

Mimallonidae, in which the rami of the flagellomeres are ventrally adjacent to each 

other and do not leave any space for even a reduced ventro-median process (which is 

potentially a synapomorphy of the two families).

Apomorphy H.56(l), the presence of two sensory bands on each antennal 

flagellomere of imagines, supports a monophylum that is incompatible with the equally 

well supported apomorphy H.10(l), the fusion between the gnathos and the mesal side 

of the valva in male genital structures. While I cannot rule out convergent fusions 

between the gnathos and the valva, this or similar fusions do not seem to occur outside 

the bombycoid complex. In contrast, the two sensory bands on the flagellomeres have 

been lost or merged several times in Sphingidae (e.g., Xenosphingia jansei, Smerinthus 

jamaicensis) as well as Satumiidae (e.g., Oxyteninae, Periga), resulting in antennal 

structures very strongly resembling the single sensory band and rami found in other 

Lepidoptera, including the other families of the bombycoid complex (see sections 

III.5.1.A - C). Therefore, I postulate ad hoc the condition H.56(0) in Anthelidae, 

Eupterotidae, Brahmaeidae and Lemoniidae to be a "reversal".

Apomorphy H.60(l), the mesal lappet of the larval labial palpus, supports a 

monophylum consisting of most families of the bombycoid complex and some 

Notodontidae (Noctuoidea). This monophylum is incompatible with several other 

monophyla, most noticeably the monophyly of the bombycoid complex, which is 

supported by apomorphy H.46(l) and tentatively H.66(l). The mesal lappet is absent in 

the three lasiocampid species I examined, but as the Lasiocampidae are a large family 

with about 2053 described species (Holloway et a/. 2001), obviously many more species 

have to be examined by SEM to assign the absence of this structure with some certainty 

to the hypothetical ground plan of the family Lasiocampidae. In the family Satumiidae 

the spinneret is modified from a slender tube to a very broad, plate-shaped structure (see 

the discussion of character #H.60 in section III.6.2), which might have made the mesal 

lappets redundant in Satumiidae. The mesal lappet of the labial palpus is repeatedly 

reduced in some taxa of the Anthelidae and the Notodontidae. As ad hoc explanation of 

the absence of apomorphy H.60(l) in the Lasiocampidae, the monotypic Carthaeidae 

and the Satumiidae I also postulate a loss.
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Fig. 353: Morphology-based Hennigian Argumentation scheme of Anthelidae -  the incompatible 
apomorphy H.40(l) supports three different, equally parsimonious topologies (A, B, C; see Fig. 354 for 
legend).
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Fig. 354: Morphology-based Hennigian Argumentation scheme of the Antielidae -  the encaptic system 
of hypothesized monophyla establishes the hypothesized evolutionary relaiionships of taxa; the 
hypothesized apomorphies supporting these monophyla are symbolized on the branches, as well as the 
postulated ad hoc explanations for apormorphies supporting incompatible nonophyla; the different 
topologies supported by apomorphy H.40(l) are presented as a consensus apomorphies/convergences 
not coloured and losses omitted; see Fig. 353 for details); note that the gems Anthela is a polyphylum.
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Fig. 355: Morphology-based Hennigian Argumentation scheme of the bombycoid complex -  the 
encaptic system of hypothesized monophyla establishes the hypothesized evolutionary relationships of 
taxa; the hypothesized apomorphies supporting these monophyla are symbolized on the branches, as 
well as the postulated ad hoc explanations for apomorphies supporting incompatible monophyla; note 
that the current concept of Lasiocampoidea defines a polyphylum.
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CHAPTER FOUR:  

CLADISTIC ANALYSIS  OF 

MORPHOLOGICAL CHARACTERS
The cladistic analysis of characters differs from the Hennigian Argumentation in 

several aspects (see sections II.4.2, II.4.3 and VII. 1.1). They are different methods, 

which are applied to different types of "data". For a cladistic analysis these data consist 

of preliminary hypotheses of homology (the "primary homology" of de Pinna 1991) 

based on "directly observable facts" only, in an attempt to reduce the number of 

subjective hypotheses / interpretations. Hence, it is commonplace to use similarity of 

observable structures [the criterion of specific quality of Remane (1952)] as the basis for 

forming preliminary hypotheses of homology, without carrying out a character analysis 

as done for Hennigian Argumentation.

I use the same species, specimens and morphological structures in my cladistic 

analysis as in my Hennigian Argumentation (chapter III). However, characters used for 

the Hennigian Argumentation have to be recoded for the cladistic analysis to reflect 

"directly observable facts" only, ignoring any of the interpretations made in character 

discussions of the Hennigian Argumentation. This can lead to quite different coding of 

characters, e.g., in the case of the fused uncus lobes, where no distinction is made 

between structures hypothesized for the Hennigian Argumentation to have resulted from 

different fusion events (see section III. 1.2). To further avoid interpretations, all character 

states are unordered.

In most cases the recoded characters and their states have been described in detail in 

the Hennigian Argumentation. No published characters were used other than cited in the 

Hennig Argumentation (chapter III; see Appendix P for a critical review of all published 

characters). In the following list of 67 cladistic characters (symbolized by a "C" 

preceding the character number) the corresponding numbers of the Hennigian characters 

(symbolized by an "H" preceding the character number) are stated in square brackets. 

The actual character matrices are presented in Appendix O and included as NEXUS 

files in an electronic appendix on the enclosed CDROM (rear cover page).
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I V . l  L ist of cladistic characters

Characters of the male genital structures:

Character #C.l: Shape of the posterior uncus edge.

(0) : Weakly bilobed (<10% of setose area length).

(1) : Deeply bilobed (>80% of setose area length) [#H. 1(1)].

(2) : Single-pointed, blunt.

Character #C.2: Tilt of the uncus lobe.

(0) : 30-40° laterad.

(1) : 5-30° mesad [in part #H.3(1)].

(2) : -50° mesad.

(3) : 60-70° mesad [in part #H.2(1)].

(4) : ~90° mesad [in part #H.7(1)].

Character #C.3: Contact between the apices of the basally separated uncus lobes.

(0) : Distinctly separated.

(1) : Touching each other [#H.6( 1)].

Character #C.4: Fusion of uncus lobes.

(0) : Separate.

(1) : Only (baso-) dorsally fused [#H.7( 1)].

(2) : Entirely fused [in part #H.2(1), #H.3(1) and #H.4( 1)].

Character #C.5: Size of the ventral edge of the fused uncus lobes [#C.4(3)].

(0) : A shallow to distinct crest over part of the uncus lobes.

(1) : A distinct to prominent crest over part of the uncus lobes.

(2) : A large, ventral blade over the entire length of the uncus lobes.

Character #C.6: Shape of the ventral blade formed by the fused uncus lobes [#C.5

( 1)].

(0) : Dorsally broad and laterally concave.

(1) : Dorsally narrow and lateral sides straight (blade appears laterally

"compressed") [#H.5].
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Character #C.7: Development of the gnathos arms.

(0) : Dorsally well developed.

(1) : Dorsally reduced [#H.8( 1)].

(2) : Entirely absent.

Character #C.8: Presence of a spinose sclerotization that envelopes the smooth 

mesal ends of the gnathos arms posteriorly.

(0) : Absent.

(1) : Present [#H.9( 1)].

Character #C.9: Merger of the gnathos and the valva.

(0) : Widely separated from each other.

(1) : Merged [#H.10(1)].

Character #C.10: Presence of the mesal protrusion.

(0) : Absent.

(1) : Present.

Character #C .ll: Shape of the mesal protrusion.

(0) : Simple, conical.

(1) : Laterally bowed ridge [#H.14(lj].

(2) : Well sclerotized, elongate, setose ridge laterally of the phallus [#H. 15(1)].

Character #C.12: Merger of the mesal protrusion and the anellus.

(0) : Separated from each other.

(1) : Merged [#H.l 1(1)].

Character #C.13: Merger of the mesal protrusion/anellus and the juxta.

(0) : Separated from each other.

(1) : Merged [#H.12(1)].

Character #C.14: Posterior protrusion of the U-shaped juxta.

(0) : Not protruding.

(1) : The lateral arms protrude further than the ventral part.

(2) : The entire juxta protrudes equally far posteriad.

(3) : The ventral part of the juxta protrudes particularly far, giving the entire juxta

the appearance of a very long, apically narrowing and pointed trough [#H.13

(I)]-
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Character #C.15: Support of the phallus.

(0) : Supported by the juxta/mesal protrusion.

(1) : Suspended in a membranous tube (anellus) from the fused gnathos and the

mesal protrusions [#H.16(1)].

Character #C.16: Curving of the valva apodeme (VA)

(0) : Extends mesad in a straight line.

(1) : Curves ventrad [in part #H.17(1)].

Character #C.17: Length of valva apodeme (VA)

> (0): Minute to absent.

> (1): Short to moderately developed (< 1.5x the width of the valva)

> (2): Long (> 1.5x the width of the valva) [in part #H. 17(1)].

Character #C.18: Presence of the valva apodeme lobe (VAL).

(0) : Absent [including #H.21(1)].

(1) : Present [#H.17(1)].

Character #C.19: Shape of the valva apodeme lobe (VAL).
(0) : A mesal protrusion at an angle of roughly 45° [#H.22( 1)].

(1) -. A posterior, "upturned" process [#H.18(1)].

Character #C.20: Modification of the posterior, "upturned” process (VAL) [#C19

(1)].
(0) : Not modified.

(1) : Triangular process, which is orientated parallel to the VA [#H. 19( 1)].

Character #C.21: Sclerotization of the triangular process |#C20(1)].

(0) : Not sclerotized (membranous).

(1) : Heavily sclerotized, thereby forming a flat, serrate and pointed tooth [#H.20

(Di.

Character #C.22: Orientation of the valva apodeme (VA) and valva apodeme lobe 

(VAL), if present.

(0) : Dorso-ventrad (in the plane of the diaphragma).

(1) : Antero-posteriad [#H.23(1)].
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Character #C.23: Proximity of the valva apodeme lobe (VAL) to the further 

anteriorly located valva apodeme (VA).

(0) : Directly adjacent.

(1) : At a distance [#H.24( 1)].

Character #C.24: Shape of the clasper.

(0) : Broad, simple plate.

(1) : Broad, roughly triangular plate with a massive, dorsal spine [#H.25(1)].

(2) : Slender arm with a dorsal protrusion [#H.26( 1)].

(3) : Strongly reduced or absent.

Character #C.25: Structure of the mesal side of the valva.

(0) : Flat.

(1) : Forms a transverse ridge [#H.27( 1)].

Character #C.26: Diameter of the manica.

(0) : The manica surrounds the phallus tightly to loosely.

(1) : The manica is extremely wide around the phallus and stretched to its full

width by the circumferential sclerotization of its posterior end [#H.28(l)j.

Character #C.27: Interconnection of the juxta and the phallus.

(0) : By the membranous manica.

(1) : By a sclerotization of the entire manica [#H.29( 1)].

Character #C.28: Shape of the phallus coecum.

(0) : Straight.

(1) : Dorsad curved [#H.30(1)].

Character #C.29: Shape of the phallus base.

(0) : Tubular.

(1) : Bulbous [#H.31(1)].

Character #C.30: Armature of the vesica.

(0) : Without comuti.

(1) : With a single comutus, which originates from a sclerotization of the most

distal part of the ductus ejaculatorius [#H.32( 1)].
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IV. 1 List of cladistic characters 

Character #C.31: Degree of the vesica sclerotization.

(0) : Not sclerotized (membranous).

(1) : Largely sclerotized [#H.33( 1)].

Character #C.32: Shape of the distal end of the right sclerotized band on the 

vesica.

(0) : Simple.

(1) : Long, curved to bent process [#H.34( 1)].

(2) : Twisted, tubular spine [#H.35( 1)].

Character #C.33: Shape of the distal end of the left sclerotized band on the vesica.

(0) : Simple to forming a small protrusion.

(1) : Twisted, tubular spine [#H.35( 1)].

Character #C.34: Width of the sclerotization of the vesica.

(0) : Equal over its entire length (forming a tubular phallus apex).

(1) : Posteriorly widening (forming a funnel-shaped phallus apex) [#H.36(1)].

Characters of the abdomen:

Character #C.35: Presence of a protrusion on the male abdominal segment A1

(0) : No protrusion.

(1) : A lateral, spine-shaped protrusion of tergal origin [#H.37( 1)].

Characters of the male genital muscles:

Character #C.36: Location of the muscle m5 attachment to the vinculum.

(0) : At the anterior edge of the vinculum, directly ventrally of m4.

(1) : At the mesal side of the vinculum, posteriorly to m4 ("overlapping") [#H.38

(!)]•

Character #C.37: Dorso-ventral position of the muscle m5 attachment to the 

vinculum.

(0) : Adjacent to the muscle m4 (about middle of vinculum).

(1) : Far ventrally of the muscle m4 (latero-ventral part of vinculum) [#H.39(l)j.
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Character #C.38: Attachment of the ventrally shifted muscle m5 [#C.37(1)J to the 

vinculum and/or the valva.

(0) : At most partly to the basal edge of the lateral valva wall, but mainly to the

vinculum.

(1) : Exclusively to the basal edge of the lateral valva wall [#H.40(1)].

Character #C.39: Attachment of muscle m7 to the mesal side of the lateral wall of 

the valva.

(0) : At the basal area of the lateral wall of the valva.

(1) : Seemingly displaced distad by the muscle m5 [#H.41(1)].

Character #C.40: Orientation of the attachment point of muscle m3 on the juxta.

(0) : The dorso-lateral comers of the juxta are in the plane of the diaphragma,

requiring a bending of the muscles m3.

(1) : The dorso-lateral comers of the juxta are invaginated, tilting the attachment

points of the muscles m3 by roughly 90° to the plane of the juxta and thereby 

facilitating a direct course of the muscles m3 [#H.42( 1)].

Character #C.41: Arrangement of the muscles m5 to each other.

(0) : The coecum and phallus are straight, with the muscles m5 stretching parallel

to each other from the coecum to the vinculum.

(1) : Coecum and phallus are twisted righthand, with muscles m5 crossing each

other [#H.43( 1)].

Characters of the female genital structures:

Character #C.42: Sclerotization of lamella antevaginalis.

(0) : Distinctly sclerotized.

(1) : Membranous.

Character #C.43: Angle of lamella antevaginalis to the body axis.

(0): 0 - 60°.

(1): -90° [#H.44(l)j.
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Character #C.44: Orientation of the common duct of the accessory glands.

(0) : The common duct of the accessory glands merges with the accessory gland

reservoirs in the plane of the latter.

(1) : The common duct of the accessory glands is at right angle to accessory gland

reservoirs [#H.45(1)].

Characters of the fore wing:

Character #C.45: Relative location of the fork in the Rsl/Rs2 branch.

(0) : Proximally of the fork in Rs3/Rs4.

(1) : Distally of the fork in Rs3/Rs4 [#H.46(1)].

Character #C.46: Formation of an "areole" by Rs2 and Rs3.

(0) : The veins Rs2 and Rs3 are not distally approximated to each other and hence

do not form an "areole".

(1) : A sclerotization or the distal, local touching of Rs2 and Rs3 forms an "areole"

[#H.47( 1)].

Character #C.47: Area between Rs2 and Rsl.

(0) : Flat.

(1) : With a transverse, sclerotized fold connecting Rs2 with Rsl just distally of the

fork in Rsl/Rs2 [#H.48(1)].

Character #C.48: Extent of the sclerotization of the fold in the radial sector |#C.47

(1)].
(0) : From Rs2/Rs3 as far as or slightly beyond Rsl.

(1) : From Rs2/Rs3 across Rsl to R [#H.49(1)].

Character #C.49: Fusion of the primary radial sector branches Rsl/Rs2 and 

Rs3/Rs4 in the basal part of the "areole”.

(0) : The primary Rs branches diverge separately from the discoidal cell.

(1) : The primary Rs branches are "stalked" with each other [#H.50( 1)].

Character #C.50: Fusion of the radial sector with the fork in Rsl/Rs2 being located 

more distally than the one in Rs3/Rs4.

(0) : The primary Rs branches are separated from each other.

(1) : The primary Rs branches are entirely fused [#H.51(1)].
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Character #C.51: Length of the anal loop formed by 1A+2A.

(0) : Less than 1 /3rd of the length of 1A+2A.

(1) : About half the length of 1A+2A [#H.52( 1)].

Character #C.52: Shape of the termen.

(0) : Convex.

(1) : With a subapical protrusion [#H.53( 1)].

Character #C.53: Development of wings in females.

(0) : Fully developed.

(1) : Apterous [#H.54( 1)].

Characters of the adult antenna:

Character #C.54: Antennal flagellomere shape.

(0) : Without a ventro-median protrusion.

(1) : With a large, ventro-median process that carries numerous sensilla

coeloconica and apically the styliform sensillum complex [#H.55( 1)].

Character #C.55: Number of sensory bands of very long sensilla trichodea on each 

antennal flagellomere.

(0) : One median sensory band.

(1) : One anterior and one posterior sensory band [#H.56( 1)].

Characters of the caterpillar:

Character #C.56: Colouration of the frontal area of the headcapsule.

(0) : Does not differ from the remainder of the headcapsule (uniformly coloured or

patterned).

(1) : With a pale triangle [#H.57(1)].

Character #C.57: Structure of the maxillar lobarium.

(0) : Without a distinct apical "segment", carrying all sensilla.

(1) : With a distinct apical "segment" that carries only some sensilla (exclusive of

STI-III) [#H.58( 1)].
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Character #C.58: Presence of a paired ’’mammiform sensillum” SC4 on the 

anterior side of the maxillary palpus.

(0) : Absent.

(1) : Present [#H.59( 1)].

Character #C.59: Presence of mesal lappets on the labial palpus.

(0) : Absent.

(1) : Present [#H.60(l)j.

Character #C.60: Presence of numerous minute vesicles on the integument.

(0) : Absent.

(1) : Present. [#H.61 (1)].

Character #C.61: Relative size of D2 verrucae of the abdominal segments A2-A7.

(0) : D2 smaller than D1.

(1) : D2 larger than D1 [#H.62(1)].

Character #C.62: Structure of short secondary hairs.

(0) : Distinctly serrate from the base to the apex of the hair.

(1) : Distinct serration restricted to the apex of the hair [#H.63(1)].

Character #C.63: Arrangement of specialized hairs [#C.62(1)J.

(0) : Scattered over the dorsal side of the abdomen.

(1) : Only the final instar caterpillars have aposematically coloured, apically

multiple-forked hairs arranged in dense "cushions" on the abdominal 

segments A2-A7 [#H.64(1)].

Character #C.64: Type of setae on the D2 verrucae of the abdominal segment Al.

(0) : Uniform hairs/spines that do not differ from the hairs of other abdominal

segments.

(1) : A brush of hairs, which differ in colour and/or length from the hairs of all

other abdominal segments [#H.65( 1)].

Character #C.65: Structure of the bending cuticle of the prolegs.

(0) : With only a single layer of transverse microfibrils.

(1) : With two layers of transverse microfibrils [#H.66(1)].

-  390 -



IV. 1 List of cladistic characters

Characters of the cocoon:

Character #C.66: Structure.

(0) : Single-walled.

(1) : Double-walled, with the hairs incorporated only in the outer wall [#H.67( 1)].

Character #C.67: Location and shape.

(0) : Spun above the soil and without an exit tube.

(1) : Spun vertically within the soil and with a silken exit tube [#H.68(1)].
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IV.2) Analyses of cladistic characters

IV .2 ) A nalyses of cladistic characters

The cladistic morphological characters of section IV. 1 were scored for the same taxa 

as in the Hennigian Argumentation (chapter III), resulting in two character matrices for 

the Anthelidae and the bombycoid complex, respectively (electronic appendix; printed 

in Appendix O). Taxa that do not differ computationally in their character states (i.e., 

that differ only by missing data) were merged. The matrix of the Anthelidae has 56 

characters for 32 taxa (including three outgroup taxa), while the matrix of the 

bombycoid complex has 11 characters and 11 taxa (including two outgroup taxa). These 

matrices of cladistic morphological characters were analysed with the Maximum 

Parsimony criterion as implemented in PAUP.

IV. 2.1) Phylogeny of the Anthelidae
The matrix of 56 characters and 32 taxa contains 13 autapomorphies, which were 

excluded in PAUP prior to analysis, effectively resulting in a 43x32 matrix. Repeated 

heuristic search (1,000 replicates, random sequence addition) always resulted in 1080 

most parsimonious trees, of which the strict consensus is presented in Fig. 356. The 

trees are 92 steps long and have a Consistency Index (Cl) of 0.62 and a Retention Index 

(RI) of 0.79. Bootstrap percentages were estimated from 100 pseudo-replicates of 10 

sequence-addition replicates, which were limited to 1,000,000 rearrangements each.

The consensus tree (Fig. 356) is largely resolved, but most nodes have bootstrap 

support < 50% and a Bremer Support value of only 1. Only very few groups are well 

supported in the bootstrap analysis (having a bootstrap percentage of >80%; see section

V. 2):

•  Anthela oressarcha, A. ostra and A. oce/Iata,

•  A. guenei,A. rubicunda, A. asterias and A. cal/ispi/a,

•  A. astata, A. varia, A. callixantha and A. acuta group,

•  the latter group, A. euryphrica and A. repleta, and

•  the family Anthelidae.

Given the misproportion of only 43 parsimony informative characters for 32 taxa, the 

resolution is better than one might expect, but the support of the topology is accordingly 

poor.
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IV.2.1) Phylogeny of the Anthelidae

1

_51

1 85

An the I a unisigna & stygiana 
Anthela excel lens 
Anthela tetraphrica 
Nat ax a flavescem  
Anthela nicothoe 
Omphaliodes ohscura 
Anthela oressarcha & ostra 
Anthela ocellata 
Pterolocera isogama 
Anthela callileuca 
Anthela dementi & reliant 
Anthela guenei & rubicimda 
Anthela asterias & callispila 
Pterolocera sp. B 
Anthela neurospasta & achromata 
Anthela adriana & phoenicias 
Chenuala heliaspis 
Anthciinae n, sp.
Pseudodreata & Cortieamis 
Anthela astata, varia & callixantha 
Anthela acuta complex 
Anthela ewyphrica & repleta 
Anthela phaeodesma 
Anthela addita & virescens 
Anthela ferruginosa 
Chelepteryx chalepteryx 
Munychryia senicula 
Gephyroneara cosmia 
Munychryiinae n. sp.
Carthaea satuniioides 
Hoplojana rhodoptera group 
A glia tau

Fig. 356: Maximum Parsimony Analysis of cladistic morphological characters (43 parsimony 
informative characters, unordered, equally weighted) of Anthelidae (29 taxa on bluish background; 
three non-anthelid species as outgroup) -  strict consensus tree of the 1080 most parsimonious trees 
(each 92 steps long; 0=0.62 ; Ri=0.79). Numbers above branches are bootstrap percentages >50% 
(>80% bold; 100 bootstrap replicates, with rearrangements limited to 1,000,000), numbers below 
branches are Bremer Support values.
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IV.2.2) Phylogeny of the bombycoid complex
The matrix of 11 characters and 11 taxa contains 1 autapomorphy, which was 

excluded in PAUP prior to analysis, effectively resulting in a 10x11 matrix. Repeated 

heuristic search (1,000 replicates, random sequence addition) always resulted in 54 most 

parsimonious trees, of which the strict consensus is presented in Fig. 357. The trees are 

17 steps long and have a Consistency Index (Cl) of 0.63 and a Retention Index (RI) of 

0.7. Bootstrap percentages were estimated from 100 pseudo-replicates of 10 sequence-
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IV.2.2) Phylogeny of the bombycoid complex 

addition replicates, which were limited to 1,000,000 rearrangements each.

While ten non-contradicting, binary characters are the minimum number theoretically 

required to fully resolve relationships between eleven taxa, the ten characters I scored 

fail to resolve relationships due to missing data and most probably character conflicts. 

The strict consensus tree has only three nodes, of which only one is dichotomous. 

Amongst these three nodes, only the bombycoid complex sensu Minet (1994) is well 

supported by a bootstrap value of 84%, but the Bremer Support indicates that the 

hypothesis of monophyly of this group is supported by only two unambiguous 

autapomorphies.

52
1

84

1

2

Brahmaeidae & Lemoniidae 
Eupterotidae
Anthelidae
Satumiidae
Sphingidae
Carthaeidae
Bombycidae
Endromidae & Mirinidae 
Lasiocampidae & Mimallonidae
Noctuoidea
Thyrididae

Fig. 357: Maximum Parsimony Analysis of cladistic morphological characters (10 parsimony 
informative characters, unordered, equally weighted) of the bombycoid complex (9 taxa on yellowish 
and bluish backgrounds; two non-anthelid species as outgroup) -  strict consensus tree of the 54 most 
parsimonious trees (each 17 steps long; 0=0.63 ; RI=0.7). Numbers above branches are bootstrap 
percentages >50% (>80% bold; 100 bootstrap replicates), numbers below branches are Bremer 
Support values.
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Chapter FIVE: Analyses of molecular characters

CHAPTER FIVE:

ANALYSES OF MOLECULAR  

CHARACTERS
Initially I attempted to amplify and sequence (fractions of) the genes wing/ess, CO I 

& II, EFla, CPS, 12S, 18S and 28S for ten anthelid species (Anthela dementi, A. 

nicothoe, A. ocel/ata, A. varia, A. virescens, Chelepteryx chalepteiyx, Chenuala 

heliaspis, Munychryia senicula, Omphaliodes obscura, Pterolocera sp. B). From the 

sequences of this set of "test species" I judged by statistics (see below) and preliminary 

Maximum Parsimony Analyses whether the gene was suitable for my purposes, in 

which case I sequenced it for additional species. This was only the case with EFla, CPS, 

12S and 28S, and all aligned sequences of all successfully sequenced genes are included 

as NEXUS files in an electronic appendix on the enclosed CDROM (rear cover page).

V .l )  G eneral and  quantitative characteristics of the

MOLECULAR DATA

In this section I provide general information on the sequencing of individual 

genes/gene fragments, e.g., an overview of sequencing success, difficulties encountered 

with sequencing and species numbers. Further, I describe the major quantitative 

characteristics of these genes, e.g., the number of total sites and parsimony informative 

characters, and base frequencies and bias. At the end of this section (p. 399) I provide a 

table with details of all quantitative characteristics.

wingless

The sequencing of wingless failed for all ten species despite successful 

amplifications. I did not make further attempts to amplify and sequence wingless, 

because no further primers were available to me and the sequencing of the other genes 

had in principle been successful.
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V.l) General and quantitative characteristics of the molecular data

Cytochrome Oxidase I & II

The sequences of CO I (1534bp) and CO II (683bp) are complete, except for a gap of 

approximately 350bp in the CO I sequence of four species. I sequenced the two genes 

including the entire sequence of the tRNA for Leucine between the two genes and the 

partial tRNA sequences at the sequence ends. For the nine anthelid and one lasiocampid 

species sequenced, only 272bp (12%) of the 2217bp of the two genes are parsimony 

informative characters. The vast majority of these parsimony informative characters 

(84%) are third codon positions. Unlike first and second codon positions, the third 

codon positions have a very significant bias of base frequencies (x2 test with P = 0.06), 

which is problematic for phylogenetic analyses. The aligned ten sequences are included 

in the electronic appendix [file CO.nex on the CDROM],

Elongation Factor 1 alpha

The 1246bp fragment of EFla was easy to sequence. With the exception of three 

species that lack about 400bp at the 3' end, the sequences for the 50 species are 

generally complete. Thirty-one of these species are Anthelidae, while the remaining 19 

species belong to other families of the bombycoid complex, the Noctuoidea and the 

Thyrididae. In the alignment [file EFlaCPS.nex on the CDROM] I included sequences 

downloaded from Genbank of an additional 35 non-anthelid species of the bombycoid 

complex. Within the Anthelidae (plus three outgroup species) 285bp of the 1246bp are 

parsimony informative characters, which is 23% of all sites and almost double the 

proportion of parsimony informative characters present in CO I & II for Anthelidae. 

However, as in CO I & II the vast majority of the parsimony informative characters are 

third codon positions (94%), which have an extreme bias of base frequency (x2 test with 

P < 0.01). In contrast, no significant bias of base frequencies exists for first and second 

codon positions, but their contribution to the 285 parsimony informative characters is 

very small (18bp = 6%). Within the bombycoid complex (plus four outgroup species) 

the situation is very similar, but the proportion of parsimony informative characters is 

even higher (32%).
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V.l) General and quantitative characteristics of the molecular data

Carbamoylphosphate Synthetase

The sequencing of CPS was difficult, with the amplification and particularly the 

sequencing of the fragment with the published primers 806F and 1124R (Moulton & 

Wiegmann 2004) failing for most species. From the few sequences I obtained 1 designed 

a pair of custom primers (843R_Bom & 1057R_Bom), but taken as a pair these custom 

primers performed even worse. However, fragment amplification with a combination of 

one of the published and one of the custom primers was rather successful, but often 

resulted in the amplification of multiple fragments with large differences in length. 

Hence, the targeted fragments as identified by length had to be excised and extracted 

from the gel, after which direct sequencing was not difficult. The resulting sequences 

have up to 691 bp, but the length of sequences varies greatly, depending on which primer 

combinations they are based on. I successfully sequenced 18 anthelid species, 25 non- 

anthelid species of the bombycoid complex and one species of the Thyrididae [file 

EFlaCPS.nex on the CDROM]. Within the Anthelidae (plus three outgroup species) of 

the up to 691 bp a total of 195bp (28%) are parsimony informative characters, of which 

80% are third codon positions. Unlike CO I & II and EFla none of the codon positions 

of CPS have a significant base frequency bias (x2 test with P = 1.0). Within the 

bombycoid complex (plus one outgroup species) the total proportion of parsimony 

informative sites is even higher (43%), but the proportion of third codon positions is 

lower (73%).

Ribosomal genes 12S, 18S and 28S

The amplification and sequencing of the fragments of the ribosomal genes 12S 

(~439bp), 18S (510bp) and 28S (~780bp) was particularly easy, resulting in high quality 

sequences. The 18S fragment sequences [file 18S.nex on the CDROM] of the ten 

anthelid species initially sequenced are almost identical. Only four sites are variable, and 

of these three sites (0.6% of all sites) are parsimony informative characters.

I sequenced 12S for a total of 20 species of the bombycoid complex and the 

Noctuoidea [file 12S.nex on the CDROM]. As typical for rRNA molecules in general, 

the secondary structure consists of highly preserved stems and hyper-variable loops, 

which are unalignable (see below, section V.2). Excluding these unalignable loop 

regions and the ends of the sequences, the remaining 296bp have 85 variable sites, of 

which 46 sites (16% of all sites) are parsimony informative characters.
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V.l) General and quantitative characteristics of the molecular data 

For 28S I sequenced a total of 22 species of the bombycoid complex and the 

Noctuoidea [file 28S.nex on the CDROM], The numerous loop regions have even more 

extreme length differences than the loop regions of the 12S sequences and are 

unalignable. After the exclusion of these clearly unalignable regions 633 aligned sites 

with 140 variable sites remain, of which 108 sites (17% of all sites) are parsimony 

informative characters. Most of these parsimony informative sites are located near the 

edges of the unalignable regions, which is why the alignment of these sites is 

ambiguous. Fience, these alignments of 28S sequences do not present credible data for 

phylogenetic analyses.

The quantitative details of all genes, including the base frequencies, are summarized 

in the following table. The differences in the proportion of parsimony informative bases 

of the codon positions are visualized for Anthelidae and the bombycoid complex in Fig. 

358 and Fig. 359, respectively.
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V. 1) General and quantitative characteristics o f the molecular data
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V.l) General and quantitative characteristics of the molecular data
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Fig. 358: Proportion of parsimony informative bases of the codon positions for the genes CO I & II, 
EFla and CPS in the Anthelidae -  note the much higher proportion of parsimony informative bases in 
1st and 2nd codon positions of CPS relative to CO I & II and EFla.

1st 2nd 3rd
codon position

Fig. 359: Proportion of parsimony informative bases of the codon positions for the genes EFla and 
CPS in the bombycoid complex -  note the much higher proportion of parsimony informative bases in 
1st and 2nd codon positions of CPS relative to and EFla.
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V.2) Qualitative characteristics of the molecular data

V .2 ) Q ualitative characteristics of the molecular

DATA

The information content of data, including molecular characters, depends not only on 

the quantity of parsimony informative characters (see above, V.l), but also on their 

quality. Like morphological data, sequence data are not given facts. Instead, molecular 

characters are hypotheses of homology based on the alignment of sequences that are 

obtained through a series of complex, but highly reproducible technical processes. Each 

of these technical processes has a certain potential to introduce errors into the data. For 

the processes involved in sequencing, the noise in sequence chromatograms and the 

(automated or manual) interpretation of the chromatograms appear to be the most 

frequent source of error. Such errors cannot be excluded entirely, but I attempted to 

minimize the number of errors by sequencing the complementary forward and reverse 

strands of all genes, by using the alternative base-caller software Phred which assigns 

quality values (Ewing & Green 1998), and by manually checking all sequences in 

multiple ways as described above (section II.3.5). Ideally, these measures eliminate 

effectively all errors. However, it should be noted that mainly due to technical and 

financial limitations not all of these measures were always possible to realize. 

Occasionally, parts of sequences have been sequenced effectively as single strands only, 

because of stretches of low quality base-calls in one of the complementary strands. This 

is most frequently the case at the ends of sequences, where in addition sequence 

chromatograms are generally shallower and of lower quality for technical reasons. If 

base-calls in a final single-strand sequence or in all strands of the consensus sequence 

were ambiguous, I used the appropriate standard IUPAC Ambiguity Code [K, Y, W, S, 

R, M, B, D, H, V, N] instead of the originally called base.

While the technical quality of any character state can only be judged by an 

assessment of the quality of individual sequences at that specific site, overall sequence 

quality gives an indication of the number of errors to be expected. The overall quality of 

my sequences is high, as indicated by Phred quality scores for individual base-calls 

(Ewing & Green 1998), but I do not show these scores due to their large number 

(>140,000). Presenting and using the quality scores for the parsimony informative 

characters only would be useful, but the effort to manually identify them among all 

individual quality scores outweighs their usefulness in my opinion.
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V.2) Qualitative characteristics of the molecular data

An indirect judgement of overall sequence quality is the comparison of independently 

obtained sequences of the same gene and taxon. While I did not sequence several 

specimens of the same species, my gene and taxon sampling overlaps in two cases with 

sequences deposited by other researchers on Genbank. These are the EFla sequences of 

Opodiphthera eucalypti (Genbank accession number AF373938) and Brahmaea certhia 

(Genbank accession number AF234560), which are 100% identical with my own 

sequences. However, the exact match of only two sequences of one gene is no guarantee 

of similarly high quality of all of my sequences.

The alignment of sequences is the equivalent to the formation of hypotheses of 

homology for morphological characters. Hence, the information content of the aligned 

sequences stands or falls with the correctness of the alignment. The homologization of 

individual bases in different taxa is solely based on the position of the bases within the 

sequence, which is an application of Remane's criterion of location (see above, section 

II.4.1.A). Therefore, the absence of insertions and deletions is crucial for an 

unambiguous alignment of the sequences. In the coding sequence of protein coding 

genes, in which the triplet reading frame has to be maintained for the correct translation 

of the entire coding sequence, insertions and deletions ("indels") are very rare. If present 

at all, such indels occur in multiples of three, which makes a distinction from a typical 

sequencing mistake (the addition or absence of a single base) easy. In contrast, non

coding ribosomal genes are transcribed to rRNA, which forms secondary structures with 

highly conserved, double-strand stems and highly variable, single-strand loops. Between 

different taxa these loops often differ in size, which makes it impossible to align 

unambiguously those parts of the sequence that code for the loops in the rRNA. 

Substitutions in double-stranded stems pose a different problem, one of non

independence of characters. As stems are formed by the folding of the rRNA molecule 

onto itself, any established substitution of one base within one strand of the stem has 

induced the substitution of the complementary base in the opposite strand, which is a 

second base within the same (gene of the) rRNA molecule. Hence, substitutions within 

ribosomal genes are ideally subject to differential weighting schemes based on the 

secondary structure of the rRNA.
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V.2) Qualitative characteristics of the molecular data

The alignments of my own sequences are no exception to the above principles. For 

the protein coding genes CO I & II, EFla and CPS the alignment is straight forward and 

unambiguous. No indels are present and the successful translation of the sequences to 

amino acids without start or stop codons in the coding sequence (only done for EFla 

and CPS, but not CO I & II) corroborates the correctness of the alignment. Likewise, no 

indels are present in the sequenced fragment of the ribosomal gene 18S. With hardly any 

variation between sequences, the alignment of the 18S sequences is straight forward. In 

contrast, the sequences of the ribosomal genes 12S and 28S show strong to extreme 

differences in length. These differences are confined to highly variable regions, which 

are located between very constant regions, and most probably correspond to loop and 

stem regions of the secondary structure of the rRNA molecules. While the alignment of 

the conserved stems is not difficult, the presumed loop regions cannot be aligned due to 

the differences in length. I excluded these hyper-variable regions in both genes for the 

phylogenetic analyses. Due to the differences in length, the alignment of the variable 

sections that border the hyper-variable loops is also somewhat ambiguous.

Apart from the technical quality of sequences and the quality of the alignment, the 

information content of the molecular data depends on the quality of the characters in a 

phylogenetic sense. This "phylogenetic quality" depends on the amount of noise 

(homoplasy), which is contained in the characters. The noise is caused by multiple 

substitutions of bases at one site, which wipes out any older phylogenetic information 

present at that site (saturation). Such multiple substitutions cannot be observed directly, 

but inferred from the transition/transversion ratio (Ti/Tv). Transitions are substitutions 

of bases, which replace one class of bases with the same class of bases, i.e., a purine 

base with a purine base or a pyrimidine base with a pyrimidine base. Transversions are 

the opposite type of substitution, in which one class of bases is replaced by the other 

class of bases, e.g., a purine base is replaced by a pyrimidine base. The rates at which 

transitions and transversions occur are not equal -  transitions occur more frequently 

than transversions. Observed over time, the ratio of transitions to transversions (Ti/Tv 

ratio) decreases to a level at which it does not change any further, because of multiple 

substitutions. Hence, observing a convergence of the Ti/Tv ratio over time indicates 

saturation. As different taxa diverged from each other at different times, plotting 

sequence Ti/Tv ratios of different taxon pairs against the pairwise distances of these
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V.2) Qualitative characteristics of the molecular data 

taxon pairs gives a rough indication for the degree of saturation of the sequence. It 

should be noted that neither Ti/Tv ratios nor distances are corrected for multiple or 

silent substitutions, which is why the saturation plots do not provide an absolute 

measure of saturation, but just an indication for it.

I prepared saturation plots for my sequences of CO I & II (Fig. 360), EFla (Figs 361, 

362), CPS (Figs 363, 364), 12S (Fig. 365) and 28S (Fig. 366), but not for the almost 

invariable 18S sequences. For the protein coding genes CO I & II, EFla and CPS the 

saturation plots present the three codon positions separately, because the different codon 

positions generally evolve differently due to the degeneration of the genetic code. For 

EFla and CPS sequences I created separate plots for the taxa used in the analyses of the 

Anthelidae and of the bombycoid complex.

The saturation plot of the CO I & II sequences (Fig. 360) shows that the Ti/Tv ratios 

of first and second codon positions of Anthelidae do not converge onto a plateau with an 

increase in pairwise distance. This means that within Anthelidae first and second codon 

positions are not yet saturated, hence the number of multiple substitutions since the 

divergence of taxa within the Anthelidae seem to be rather low. With anthelid taxa 

compared to the outgroup the same codon positions start to approach saturation. In 

contrast, the Ti/Tv ratios of third codon positions essentially do not change with an 

increase of divergence between any taxon pairs. This indicates a very strong saturation 

of third codon positions even for species within the Anthelidae.

For Anthelidae the EFla sequences are not saturated in first and second codon 

positions, but they are substantially saturated in third codon positions (Fig. 361). The 

same is true for the bombycoid complex, except for an increase in saturation of third 

codon positions, which are very strongly saturated (Fig. 362).

The CPS sequences of Anthelidae are not yet saturated in first and second codon 

positions, but if compared to the outgroup start to approach saturation (Fig. 363). 

Similarly, third codon positions are not yet saturated within Anthelidae, except for a 

small number of nodes that approach saturation. Within the bombycoid complex, first 

and second codon positions of CPS start to approach saturation, and third codon 

positions are strongly saturated (Fig. 364).

The ribosomal 12S sequences of the bombycoid complex show a range of Ti/Tv 

ratios across a relatively short range of pairwise distances, but for many taxon pairs the 

sequences appear to be saturated (Fig. 365).
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V.2) Qualitative characteristics of the molecular data 

For the ribosomal 28S sequences the Ti/Tv ratios are similarly scattered, but 

compared to 12S the 28S sequences of fewer taxon pairs seem to be saturated (Fig. 

366).

In summary, for the protein coding genes only first and second codon positions are 

generally not saturated, both within Anthelidae and within the bombycoid complex. In 

contrast, the third codon positions of the protein coding genes other than CPS are largely 

to strongly saturated within the Anthelidae, and they are certainly saturated for all 

protein coding genes within the bombycoid complex. The ribosomal genes 12S and 28S 

both appear to be saturated within the bombycoid complex.
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V.2) Qualitative characteristics of the molecular data
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Fig. 361: Saturation plot for the three codon positions of EFla sequences of the Anthelidae plus 
outgroup (Carthaeidae, Satumiidae & Eupterotidae) -  while first and second codon positions are not 
saturated, the third codon positions are substantially saturated within the Anthelidae; symbols of 
Chenuala heliaspis / Anthelinae n. sp. black and enlarged.
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Fig. 363: Saturation plot for the three codon positions of CPS sequences of the Anthelidae plus 
outgroup (Carthaeidae, Saturniidae & Eupterotidae) -  while first and second codon positions start to 
approach saturation only at the level of the outgroup, the third codon positions approach saturation for 
some nodes within the Anthelidae; symbols of Chenuala heliaspis / Anthelinae n. sp. black and 
enlarged.
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Fig. 364: Saturation plot for the three codon positions of CPS sequences of the bombycoid complex 
plus outgroup (Thyrididae) -  while the first and second codon position start to approach saturation, the 
third codon positions are largely saturated within the bombycoid complex.

-408  -



V.2) Qualitative characteristics of the molecular data

© ingroup 
© outgroup

©

0.04 0.06 0.08 0.1
uncorrected pairwise distance

Fig. 365: Saturation plot for 12S sequences of the bombycoid complex plus outgroup (Pyralidae, 
Geometridae, Noctuidae & Lymantriidae) -  the sequence is largely saturated within the bombycoid 
complex.
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Fig. 366: Saturation plot for 28S sequences of the bombycoid complex plus outgroup (Thyrididae, 
Oenosandridae & Lymantriidae) -  the sequence is substantially saturated within the bombycoid 
complex.
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V .3 ) S election of molecular data

Based on the quantitative and qualitative characteristics of the different genes I 

decided to exclude some of the molecular data from the phylogenetic analyses.

COI & II sequences are very strongly saturated at the third codon positions and show 

a strong base-frequency bias, even within the Anthelidae. Excluding the third codon 

position leaves very few parsimony informative characters, which to obtain in quantity 

long stretches have to be sequenced. This is very inefficient and costly. As to be 

expected from these problems, a preliminary Maximum Parsimony Analysis of the ten 

test taxa did not resolve relationships within Anthelidae (results not shown). Hence, I 

did not sequence CO I & II for additional species, nor did I double-check the obtained 

sequences, exclude primers from them, or use the sequences for my analyses.

The 18S fragment provides only three parsimony informative characters, which is 

why I did not sequence this gene for additional species, nor use the three parsimony 

informative characters in my analyses. The sequence fragments of the other two 

ribosomal genes, 12S and 28S, are both unalignable in those regions that hold the 

majority of parsimony informative characters. For both genes preliminary parsimony 

analyses (unalignable regions excluded) neither resolved any relationships within the 

Anthelidae, nor within the bombycoid complex (results not shown). In the case of 12S, 

the addition of 13 lepidopteran sequences from Genbank did not improve the situation. 

Hence, I did not sequence additional species and do not use these data for my 

phylogenetic analyses.

Like COI & II, the EFla and CPS sequences are at least partly saturated in third 

codon positions, but to a lesser degree. Their first and second codon positions are not 

saturated, and for CPS these codon positions provide a relatively large number of 

parsimony informative characters. Further, sequence alignment is unambiguous and the 

sequence data are complete for the majority of species. Therefore, of all the genes I 

sequenced I use only sequences of the two genes EFla and CPS in my subsequent 

phylogenetic analyses.
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V .4 ) P hylogenetic hypotheses

Ideally phylogenetic analyses should include all available taxa, because the length of 

the branches decreases with an increase of sampling density. This reduces the problem 

of "long branch attraction", which is the incorrect grouping of taxa due to 

analogies/convergences outnumbering homologies. Long branch attraction is 

particularly problematic for the rooting of trees by cladistic outgroup addition, as 

outgroups are typically rather distant to the ingroup and therefore might incorrectly root 

the ingroup at a long branch of the ingroup (Hendy & Penny 1989).

However, because of the extreme increase in computation time with an increasing 

number of taxa in Maximum Likelihood and Bayesian Inference analyses I analysed the 

molecular data separately for the phylogeny of the Anthelidae and the one of the 

bombycoid complex, including only a few anthelid representatives in the latter. In both 

cases I used outgroup taxa that other phylogenetic hypotheses indicate to be closely 

related. In the case of the analyses of the Anthelidae this is based on my hypothesis of 

phylogeny of the bombycoid complex (section III.7.2) and consists of the Carthaeidae, 

Satumiidae and Eupterotidae, the latter two presumably being more closely related to 

the Anthelidae. For the analyses of the bombycoid complex my choice of the outgroup 

is based on the phylogeny presented in Kristensen and Skalski ([1998]: 10) and my own, 

tentative hypothesis of the Noctuoidea possibly being the sistergroup of the bombycoid 

complex (section III.7.2). I always used the Thyrididae as an outgroup, and in the case of 

EFla sequences I used additionally the Oenosandridae, Notodontidae and, in one case, 

Lymantriidae (the latter three all Noctuoidea).

I analysed the molecular data with the phenomenological method of Maximum 

Parsimony (MP), as well as with the process-dependent methods of Maximum 

Likelihood (ML) and Bayesian Inference (BI). While phenomenological and process- 

dependent methods are fundamentally different, I present and discuss the results of the 

different analyses together, first for the Anthelidae (section V.4.1) and then for the 

bombycoid complex (section V.4.2) by genes, rather than in the order of the different 

methods.

The phylograms and support values (bootstrap percentage, Partitioned Bremer 

Support [PBS] and posterior probability) are based on equal character weights. 

However, to test for the influence of saturation in predominantly third codon positions,
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V.4) Phylogenetic hypotheses

bootstrap percentages of MP analyses were calculated for by codon position equally as 

well as differentially weighted characters. This differential weighting influenced the 

bootstrap percentages as shown in the phylograms, but did not result in significantly 

different or even conflicting topologies (only branches with bootstrap support of less 

than 60% differed). Instead, downweighting third codon positions resulted in a decrease 

of resolution due to the low numbers of parsimony informative characters in first and 

second codon positions. Because the downweighting or even exclusion of saturated third 

codon positions did not result in different topologies and because the degree of 

saturation differes between taxon pairs, I did not exclude third codon positions in my 

ML and BI analyses.

General statistics of the phylograms, e.g., tree length, consistency index (Cl), 

consistency index excluding uninformative characters (CIU), retention index (RI) etc., 

are given in the figure caption of each phylogram (Figs 367-375, 377-385).

While support values are part of any modern phylogenetic analysis, no consensus 

exists as to which values should be regarded as "good" or "high" support. Similarly, 

controversy exists about the equality of different support values, with posterior 

probabilities often being seen as generally too high (e.g., Suzuki et al. 2002, Alfaro et 

al. 2003, Cummings et al. 2003, Douady et al. 2003). I conservatively but arbitrarily 

interpret bootstrap percentages of >80% and posterior probabilities of >90% as high 

support for the assumption of the topology correctly reflecting the given data analysed 

with the given method.

In the following sections I discuss the consensus trees resulting from the different 

analyses. These discussions are largely based on the support values specified in the 

respective phylograms. However, these support values reflect only the fit of the 

topology to the given data analysed with the given method, but cannot assess the quality 

of the data. Because the probability of any phylogenetic hypothesis being correct 

depends on the quality of underlying data in the first place, a high support value alone 

does not necessarily justify high confidence in the phylogenetic hypothesis. Therefore, I 

include in the discussion a rough judgement of the data quality as indicated by the 

saturation plots (section V.2) in those cases, in which high support values seem to be 

based on dubious data.
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V.4.1) Phylogeny of the Anthelidae

V.4.1.1) Analyses of EFla

All available EFla sequences of Anthelidae (31) were included in the MP (Fig. 367) 

and BI analyses (Fig. 369), but only a subset of anthelid sequences (22 species) was 

used in the ML analysis (Fig. 368) to limit calculation time. Four nodes of the MP 

analysis of the EFla sequences have a very high bootstrap percentage but a low negative 

PBS value for first and/or second codon position, indicating conflicting information 

between the different codon positions of EFla. This is likely to be caused by the high 

proportion of probably largely saturated third codon positions (see sections V.l and 

V.2), which drive the analyses. The paucity of parsimony informative characters in first 

and second codon positions (see section V.l) is reflected in the decrease of the bootstrap 

percentages with the down-weighting of third codon positions.

Most of the well supported nodes of the MP analysis are species pairs, but numerous 

additional well supported nodes are present in the phylogram of the BI analysis. The 

species pairs well supported by MP, BI and partly ML analyses are A. unisigna / A. 

stygiana, A. oressarcha / A. ocellata, Pterolocera sp. A / B, A. rubicunda / A. asterias, 

A. adriana / A. phoenicias, Anthelinae n. sp. / Chenuala heliaspis and M. periclyta / M. 
senicula. Of these species pairs the pair Anthelinae n. sp. / C. heliaspis stands out by a 

high bootstrap percentage and posterior probability in all analyses, which contrasts with 

the distinctly lower and conflicting PBS support. The grouping of these two taxa is only 

supported by third codon positions (PBS 4.5), but contradicted by first codon positions 

(PBS -0.5). The saturation plot (Fig. 361, species pair highligted in black) shows that the 

third codon positions of this species pair are probably saturated, while first codon 

positions are probably not. Hence, the grouping of these two species is not convincing, 

despite the high bootstrap support.

Other species groups that are well supported in all analyses are (A. rubicunda / A. 

asterias) / A. clementi, A. virescens / A. addita / A. ferruginosa and (M periclyta / M. 

senicula) / G. cosmia [= Munychryiinae]. Further, a monophylum containing all 

sequenced antheline species except for Che/epteryx chalepteryx is moderately supported 

in the MP and well supported in the BI analysis. In the MP analysis one large clade 

including the species from A. unisigna to A. euryphrica is weakly supported by a 

bootstrap percentage of 81 but a PBS of 1.1 in the third codon position only. This large
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clade is incompatible with a very well supported clade comprising the species from A. 

stygiana to A. euiyphrica in the BI analysis, which differs from the former by the 

additional inclusion and position of A. adriana / A. phoenicias. Further, the BI analysis 

supports also a monophylum consisting of A. acuta complex / A. astata / A. varia / A. 

callixantha, as well as a monophylum additionally including A. repleta and A. 

euiyphrica. The monophyly of the subfamily Anthelinae is well supported in ML and BI 

analyses, but only moderately so in the MP analysis.

Within the outgroup a monophylum consisting of Ag/ia tan (Satumiidae) and H. 

rhodoptera group (Eupterotidae) is moderately to well supported in all analyses. 

However, the PBS indicates that the monophylum is only supported by a few shared 

substitutions in the strongly saturated third codon position, but contradicted by the 

seemingly less saturated first and second codon position. Therefore, this monophylum is 

not credible, despite the high support values.
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Fig. 367: Maximum Parsimony Analysis of EFla sequences (1246bp, equally weighted) of Anthelidae 
(31 species on bluish background; three non-anthelid species as outgroup) -  strict consensus tree of the 
6 most parsimonious trees (each 1172 steps long; 0=0.44; CIU=0.4; RI=0.52). Numbers above 
branches are bootstrap percentages >50% (>80% bold; 1000 bootstrap replicates) under differential 
weighting by codon positions (1-1-1 / 2-3-1 / 5-5-1 / 10-10-1 / 1-1-0); numbers below branches are 
Partitioned Bremer Support values (contradicting, negative values bold red), partitioned by codon 
positions.
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Fig. 368: Maximum Likelihood Analysis (TIM+I+O of EFla sequences (1246bp, equally weighted) of 
Anthelidae (22 species on bluish background; three non-anthelid species as outgroup) -  phylogram 
(log-likelihood score = -6364.50311); numbers above branches are bootstrap percentages >50% (>80% 
bold; 100 bootstrap replicates).
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Fig. 369: Bayesian Inference analysis (GTR+HT) ofE F la sequences (1246bp, equally weighted) of
Anthelidae (31 species on bluish background; three non-anthelid species as outgroup) -  majority rule
consensus tree of 439 sampled trees; numbers above branches are posterior probabilities >50% (>90%
bold).
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V.4.1.2) Analyses of CPS
Sequencing was generally less successful for CPS than it was for EFla, and hence 

CPS sequences of only a subset of the taxa sequenced for EFla is available for analyses.

Within the Anthelidae, nodes of the MP analysis of CPS [Fig. 370] with high 

bootstrap percentages do not have negative PBS values. This indicates that within the 

family saturation of even third codon positions is still too limited to strongly support 

conflicting topologies. This interpretation fits the decrease in bootstrap percentages with 

down-weighting of third codon positions.

Analyses of the CPS sequences alone result in only a few well supported hypotheses 

of monophyly, all of which are supported by the three different methods of analyses. 

Three of these monophyla are the very well supported species pairs of Anthela varia / A. 

astata (merged into one terminal taxon in the morphological analyses of sections III.7.1, 

IV.2.1 and VI. 1), A. adriana / A. phoenicias and Gephyroneura cosmia / Munychyia 

senicula. The latter two have higher Bremer Support values for all codon positions than 

any of the other monophyla, including in the less variable and less saturated first and 

second codon positions. This accumulation of substitutions in all codon positions fits 

their long branch, which separates each of these two species pairs from all other species 

in the ML (Fig. 371) and BI analyses (Fig. 372). As the species pair of G. cosmia and 

M senicula represents the Munychryiinae, the monophyly of this anthelid subfamily is 

very well supported. A larger well supported monophylum consists of A. sty’giana, A. 

exce/lens, Nataxa flavescens and A. nicothoe, but hypotheses on the relationships 

between these taxa are not well supported. Similarly, the monophylum of A. varia, A. 

astata, A. acuta complex, A. repleta and A. euryphrica is well supported, but hypotheses 

about the relationships within it are only poorly supported. As with the Munychryiinae, 

the monophyly of the Anthelinae is well supported in MP (mainly first and third codon 

positions) and BI analyses, less so in the ML analysis. The split between the two 

subfamilies of the Anthelidae is distinct and seems to be rather old, as indicated by the 

long branches leading to each of the two subfamilies in ML as well as BI analyses. 

Nevertheless, the monophyly of the family Anthelidae is well supported in the BI and 

ML analyses, while the bootstrap support in MP analyses is very limited and restricted 

to the second and third codon position, as indicated by the PBS.

A monophylum within the outgroup consisting of Carthaea saturnioides 

(Carthaeidae) and Hoplojana rhodoptera group (Eupterotidae) is only supported in the
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MP and BI analyses, but not in the ML analysis. The PBS shows that this support is 

based on the first and second codon position, but contradicted by the third codon 

position (negative PBS). While the third codon position is almost certainly saturated 

between these two families, first and second codon positions only start to approach 

saturation, which does not necessarily argue for this monophylum, but certainly not 

against it.
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Fig. 370: Maximum Parsimony Analysis of CPS sequences (691 bp, equally weighted) of Anthelidae 
(18 species on bluish background; three non-anthelid species as outgroup) -  strict consensus tree of the 
42 most parsimonious trees (each 686 steps long; 0=0.59; CIU=0.52; Rl=0.56). Numbers above 
branches are bootstrap percentages >50% (>80% bold; 1000 bootstrap replicates) under differential 
weighting by codon positions (1-1-1 / 2-3-1 / 5-5-1 / 10-10-1 / 1-1 -0); numbers below branches are 
Partitioned Bremer Support values (contradicting, negative values bold red), partitioned by codon 
positions.
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Fig. 371: Maximum Likelihood Analysis (GTR+l+r) of CPS sequences (691 bp, equally weighted) of 
Anthelidae (18 species on bluish background; three non-anthelid species as outgroup) -  phylogram 
(log-likelihood score = -3953.53714); numbers above branches are bootstrap percentages >50% (>80% 
bold; 100 bootstrap replicates).
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Fig. 372: Bayesian Inference analysis (GTR+I+r) of CPS sequences (691 bp, equally weighted) of 
Anthelidae (18 species on bluish background; three non-anthelid species as outgroup) -  majority rule 
consensus tree of 1001 sampled trees; numbers above branches are posterior probabilities >50% (>90%
bold).

-422  -



V.4.1.3) Combined analyses of EFla and CPS 

V.4.1.3) Combined analyses of EFla and CPS
The combined analyses of EFla and CPS sequences are limited to those taxa for 

which sequences of both genes are available. These are the same taxa as in the analyses 

of the CPS sequences alone, and the resulting phylograms are better resolved than those 

of the CPS analyses and have generally higher support values. However, with few 

exceptions monophyla that are well supported are identical in all analyses. In addition to 

the monophyla discussed for CPS, a monophylum consisting of N. flavescens and A. 

nicothoe is moderately to well supported in all analyses of the combined EFla and CPS 

sequences. A species pair consisting of A. stygicina and A. excellens is well supported in 

the ML (Fig. 374) and BI analyses (Fig. 375), but only poorly supported by the third 

codon position in the MP analysis (Fig. 373). As in the analyses of EFla only (section 

V.4.1.1), a monophylum consisting of Anthelinae n. sp. and C. heliaspis is 

controversially supported. Its support by bootstrap percentage and posterior probability 

is well to very’ well in all analyses. However, the PBS shows that while the EFla data 

support this clade it is significantly contradicted by the first and second codon position 

of CPS. In the CPS saturation plot (Fig. 363) the third codon positions of CPS fall into 

the area of beginning saturation. Again, this grouping is well supported by high 

bootstrap and posterior probability values, but is probably based on saturated third 

codon positions only.

Further, the ML and BI analyses, and to a lesser degree also the MP analysis, support 

strongly a monophylum that consists of A. varia, A. astata and A. acuta complex. The 

PBS shows some conflict between the codon positions of EFla, but the support for this 

monophylum by the third codon positions of EFla and CPS dominates. The ML and BI 

analyses both strongly support a larger monophylum that includes all Anthelinae of 

these analyses, except for the Anthelinae n. sp. and C. heliaspis. This grouping is also 

moderately supported by the bootstrap percentage of the MP analysis, but the PBS 

shows that this grouping is only supported by third codon positions of CPS, while first 

and second codon positions of CPS contradict this grouping. This contradiction 

questions the correctness of this hypothesis of homology, in particular as the only 

support for it is based on the at this level probably saturated third codon positions of 

CPS.
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Fig. 373: Maximum Parsimony Analysis of the combined CPS and EFla sequences (1937bp in total, 
equally weighted) of Anthelidae (18 species on bluish background; three non-anthelid species as 
outgroup) -  strict consensus tree of the 2 most parsimonious trees (each 1504 steps long; 0=0.55; 
CIU=0.49; RJ=0.5). Numbers above branches are bootstrap percentages >50% (>80% bold; 1000 
bootstrap replicates) under differential weighting by codon positions (1-1-1 / 2-3-1 / 5-5-1 / 10-10-1 / 
1-1-0); numbers below branches are Partitioned Bremer Support values (contradicting, negative values 
bold red), partitioned by codon positions and genes (EFla above CPS).
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Fig. 374: Maximum Likelihood Analysis (GTR+I+r) of the combined CPS and EFla sequences 
(1937bp in total, equally weighted) of Anthelidae (18 specie; on bluish backgro und; three non-anthelid 
species as outgroup) -  phylogram (log-likelihood score = -9o24.48016); numbers above branches are 
bootstrap percentages >50% (>80% bold; 100 bootstrap rep icates).
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Fig. 375: Bayesian Inference analysis (GTR+I+F) of the combined CPS and EFla sequences (1937bp 
in total, equally weighted) of Anthelidae (18 species on bluish background; three non-anthelid species 
as outgroup) -  majority rule consensus tree of 1401 sampled trees; numbers above branches are 
posterior prcbabilities >50% (>90% bold).
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V.4.1.4) Conclusion

V.4.1.4) Conclusion
In summary, only some groups within the Anthelidae are well supported by 

molecular characters, but these groups are generally supported by all genes and all 

methods of analyses. These well supported hypotheses, as discussed in sections V.4.1.1 

- V.4.1.3, are visually summarized in Fig. 376. The only dubious phylogenetic 

hypotheses with high support values are the sistergroup relationship between the 

undescribed species of Anthelinae and C. heliaspis, as well as the sistergroup 

relationship of these two species to the majority of other Anthelinae (exclusive of the 

monophyla of A. ferruginosa / A. addita / A. virescens and the genus Chelepteiyx).

Various other hypotheses of monophyly are poorly to moderately supported, often by 

more than one gene and method of analysis. However, I regard them as too 

insufficiently supported to warrant their individual discussion. Nevertheless, some of 

them will be mentioned in the discussion of the results of all analyses below (see section 

VII. 1.3.1).
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Fig. 376: Dendrogram visually summarizing the well supported hypotheses of monophyly within the 
Anthelidae based on MP, ML and B1 analyses of EFla, CPS and EFla & CPS. Note the uncertain 
placement of the undescribed antheline species and Chemtala heliaspis (dotted line) due to saturation 
in third codon positions.
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V.4.2) Phylogeny of the bombycoid complex

V.4.2.1) Analyses ofEFla
The analyses of the EFla sequences are generally not informative at the family level 

within the bombycoid complex. Negative PBS values in first and second codon 

positions are abundant and reflect the dominance of the most probably entirely saturated 

third codon positions amongst the parsimony informative characters (see section V.2). 

At the same time the lack of parsimony informative characters in first and second codon 

positions results in a decrease of bootstrap percentages with the down-weighting of third 

codon positions.

The analyses of EFla sequences rarely supports the monophyly of families of the 

bombycoid complex, and well supported monophyla are typically restricted to within 

families. The only supported relationship between families is the monophylum 

consisting of Lemoniidae and Brahmaeidae. This relationship is well supported in the BI 

analysis (Fig. 379), but only poorly supported in the ML analysis (Fig. 378). In the MP 

analysis (Fig. 377) Dactyloceras widenmanni group is placed outside this monophylum, 

and the grouping of the remaining species is contradicted by negative support values of 

PBS in first and second codon positions, possibly due to the exclusion of D. 
widenmanni group. The relationships between Sabalia picarina (Lemoniidae), D. 

widenmanni group (Brahmaeidae) and Lemonia dumi (Lemoniidae) are not well 

supported, but weak support for a monophylum comprising all three species is provided 

by ML and BI analyses. As the family Lemoniidae consists only of the genera Lemonia 

and Sabalia, this indicates that the apparent paraphyly of Brahmaeidae in respect to 

Lemoniidae is not simply caused by the incorrect inclusion of the genus Sabalia in the 

Lemoniidae, as might be concluded from the analyses lacking L. dumi (sections V.4.2.2 

and V.4.2.3, respectively).

The negative PBS in first and second codon positions for the monophylum consisting 

of Lymantriidae (Noctuoidea) and Bombycidae (bombycoid complex) in the MP 

analysis indicates that this placement is caused by the total saturation of third codon 

positions at the phylogenetic level of superfamilies. Hence, this is most probably also 

the case for the unsupported inclusion of Oenosandridae and Notodontidae (both 

Noctuoidea) in the bombycoid complex in ML and BI analyses.
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Fig. 377: Maximum Parsimony Analysis of EFla sequences (1246bp, equally weighted) of the 
bombycoid complex (58 species on yellowish and bluish backgrounds; four non-bombycoid species as 
outgroup) -  strict consensus tree of the 29 most parsimonious trees (each 3622 steps long; 0=0.21; 
CIU=0.2; RI=0.47). Branches with bootstrap percentages < 50% collapsed; numbers above branches 
are bootstrap percentages >50% (>80% bold; 1000 bootstrap replicates) under differential weighting 
by codon positions (1-1-1 / 2-3-1 / 5-5-1 / 10-10-1 / 1-1-0); numbers below branches are Partitioned 
Bremer Support values (contradicting, negative values bold red), partitioned by codon positions.
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Fig. 378: Maximum Likelihood Analysis (GTR+I+r) of EFla sequences (1246bp, equally weighted) 
of the bombycoid complex (22 species on yellowish and bluish backgrounds; three non-bombycoid 
species as outgroup) -  phylogram (log-likelihood score = -8958.37187); numbers above branches are 
bootstrap percentages >50% (>80% bold; 100 bootstrap replicates).
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Fig. 379: Bayesian Inference analysis (GTR+I+O of EFla sequences (1246bp, equally weighted) of 
the bombycoid complex (22 species on yellowish and bluish backgrounds; three non-bombycoid 
species as outgroup) -  majority rule consensus tree of 1001 sampled trees; numbers above branches are 
posterior probabilities >50% (>90% bold).
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V.4.2.2) Analyses of CPS
Like EFla, the fragment of CPS is generally not informative within the bombycoid 

complex at the family level. The frequent occurrence of negative PBS values and the 

tendency for bootstrap percentages to initially increase with a down-weighting of third 

codon positions fit to beginning saturation of first and second but strong saturation of 

third codon positions, as indicated by the saturation plot (Fig. 364).

In many cases the monophyly of families is supported, as well as some relationships 

within each family, but little or no support exists for relationships between families. The 

family Bombycidae is an exception in as far as its two subfamilies Bombycinae and 

Apatelodinae do not form a monophylum. Instead, a placement of the Apatelodinae as 

the sistergroup of the Eupterotidae (MP analysis (Fig. 380)) or of the Lemoniidae, 

Brahmaeidae and Eupterotidae (ML (Fig. 381) and BI analyses (Fig. 382)) is suggested. 

In the case of the MP analysis this placement is contradicted by the negative PBS of first 

and second codon positions, and no bootstrap support exists for the ML analysis. 

However, a posterior probability of 90 indicates good support in the BI analysis. 

Further, BI analysis supports a sistergroup relationship between Carthaeidae and the 

monophylum of Lemoniidae, Brahmaeidae and Apatelodinae. This topology matches 

the unsupported topology of the ML analysis, but is incompatible with the poorly 

supported topology in the MP analysis. Similarly, BI analysis lends support to a 

monophylum consisting of Lemoniidae, Brahmaeidae, Eupterotidae, Apatelodinae, 

Carthaeidae, Anthelidae, Lasiocampidae and Endromidae, which is compatible with the 

essentially unsupported topologies of the MP and ML analyses. In the MP analysis one 

monophylum receives noticeable PBS support in first and second codon positions, but 

no bootstrap support due to the contradiction in the most probably totally saturated third 

codon position. This monophylum, which is poorly to moderately supported in the BI 

analysis, consists of all representatives of the bombycoid complex, except for Ocinara 

n. sp. (Bombycinae).

Only in one case is a relationship between families very well supported by all three 

analyses, namely the monophylum consisting of Lemoniidae and Brahmaeidae (see 

section V.4.2.1). Interestingly, a sistergroup relationship between Sabalia picarina and 

Dactyloceras widenmanni group within this monophylum is equally well supported in 

all analyses. Given the current classification of the families, this strongly supports the 

paraphyly of the Brahmaeidae in respect to the Lemoniidae, or at least the incorrect
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placement of either the genus Dactyloceras or Saba/ia.
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Fig. 380: Maximum Parsimony Analysis of CPS sequences (691 bp, equally weighted) of the 
bombycoid complex (30 species on yellowish and bluish backgrounds; one non-bombycoid species as 
outgroup) -  strict consensus tree of the 8 most parsimonious trees (each 1965 steps long; 0=0.31; 
CIU=0.29; Rl=0.43). Numbers above branches are bootstrap percentages >50% (>80% bold; 1000 
bootstrap replicates) under differential weighting by codon positions (1-1-1 / 2-3-1 / 5-5-1 / 10-10-1 / 
1-1-0); numbers below branches are Partitioned Bremer Support values (contradicting, negative values 
bold red), partitioned by codon positions.
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Fig. 381: Maximum Likelihood Analysis (GTR+I+r) of CPS sequences (691bp, equally weighted) of 
the bombycoid complex (26 species on yellowish and bluish backgrounds; one non-bombycoid species 
as outgroup) -  phylogram (log-likelihood score = -7816.93865); numbers above branches are bootstrap 
percentages >50% (>80% bold; 100 bootstrap replicates).
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Fig. 382: Bayesian Inference analysis (GTR+I+F) of CPS sequences (691 bp, equally weighted) of the 
bombycoid complex (42 species on yellowish and bluish backgrounds; one non-bombycoid species as 
outgroup) -  majority rule consensus tree of 1001 sampled trees; numbers above branches are posterior 
probabilities >50% (>90% bold).
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V.4.2.3) Combined analyses of EFla and CPS
The results of the MP analysis of the combined EFla and CPS sequences is 

characterized by conflicting PBS values. Typically, it is the PBS of first and second 

codon positions of CPS, which is negative. As the saturated third codon positions of 

both genes dominate the parsimony informative characters, they largely drive the 

topology of the phylogram. If third codon positions are downweighted, the small 

number of parsimony informative characters in first and second codon positions is 

insufficient to resolve relationships.

Probably as a result of the conflict apparent from the PBS and the lack of non- 

saturated parsimony informative characters (see section V.2), the MP analysis (Fig. 383) 

indicates no well supported relationships between families other than the monophylum 

consisting of Lemoniidae and Brahmaeidae as discussed in section V.4.2.1. The 

situation is the same for the ML analysis (Fig. 384), except for a moderately to well 

supported monophylum comprising all representatives of the bombyeoid complex 

except the Sphingidae. This monophylum is also supported by the BI analysis (Fig. 

385). Further, the BI analysis supports the same topology as the BI analysis of the CPS 

sequences alone (see V.4.2.1) for the monophylum consisting of Lemoniidae, 

Brahmaeidae, Eupterotidae, Apatelodinae and Carthaeidae, but with in two cases 

distinctly higher posterior probabilities.
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Fig. 383: Maximum Parsimony Analysis of the combined CPS and EFla sequences (1937bp in total, 
equally weighted) of the bombycoid complex (19 species on yellowish and bluish backgrounds; one 
non-bombycoid species as outgroup) -  single most parsimonious tree (2732 steps long; 0=0.41; 
C1U=0.38; CIU=0.37). Numbers above branches are bootstrap percentages >50% (>80% bold; 1000 
bootstrap replicates) under differential weighting by codon positions (1-1-1 / 2-3-1 / 5-5-1 / 10-10-1 / 
1-1-0); numbers below branches are Partitioned Bremer Support values (contradicting, negative values 
bold red), partitioned by codon positions and genes (EFla above CPS).
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Fig. 384: Maximum Likelihood Analysis (GTR+I+r) of the combined CPS and EFla sequences 
(1937bp in total, equally weighted) of the bombycoid complex (15 species on yellowish and bluish 
backgrounds; one non-bombycoid species as outgroup) -  phylogram (log-likelihood score -  
-12027.75490); numbers above branches are bootstrap percentages >50% (>80% bold; 100 bootstrap 
replicates).
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Fig. 385: Bayesian Inference analysis (GTR+I+r) of the combined CPS and EFla sequences (I937bp 
in total, equally weighted) of the bombycoid complex (42 species on yellowish and bluish 
backgrounds; one non-bombycoid species as outgroup) -  majority rule consensus tree of 1401 sampled 
trees; numbers above branches are posterior probabilities >50% (>90% bold).
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V.4.2.4) Conclusion
The dominance of the third codon positions, wich are entirely saturated at family 

level, is likely to drive all analyses. Hence, the resulting topologies contradict the very 

limited information potentially preserved in first and second codon positions. 

Consequently, proposed relationships between families are generally likely to be 

incorrect and are not supported by bootstrap percentages or posterior probabilities (Fig. 

386A). However, the relationships between Lemoniidae and Brahmaeidae, and to a 

lesser extent also the Eupterotidae, Apatelodinae and Carthaeidae, show less conflict 

between PBS values and are supported by most analyses (Fig. 386B). No support exists 

for an exact placement of the Anthelidae within the bombycoid complex.
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Fig. 386: Dendrograms visually summarizing only the well supported hypotheses of monophyly within 
the bombycoid complex (yellowish and bluish backgrounds) based on MP. ML and BI analyses of 
EFla, CPS and EFla & CPS. Note the less well supported and possibly incorrect placement of the 
Apatelodinae and Carthaeidae (dotted line).
A) Summary of the relationships between families. Note the polyphyly of the Bombycidae 
(Apatelodinae + Bombycinae). Note the paraphyly of the Bombycoidea in respect to the 
Lasiocampoidea.
B) Details of the relationships within the families Lemoniidae, Brahmaeidae and Eupterotidae [location 
in A) marked by X]. Note the paraphyly of Brahmaeidae in respect to Lemoniidae, or alternatively the 
misplacement of the genus Dactyloceras in the Brahmaeidae.
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Chapter SIX: Cladistic analyses of combined morphological and molecular characters

CHAPTER SIX;

CLADISTIC ANALYSES OF 

COMBINED MORPHOLOGICAL  

AND MOLECULAR CHARACTERS
While various models have been proposed for the evolution of molecular characters 

and are used for the process-dependent Maximum Likelihood and Bayesian Inference 

analyses, no models exist for the evolution of complex morphological structures. In 

contrast, morphological as well as molecular data can both be analysed with 

phenomenological methods, e.g., Maximum Parsimony (MP), and it is commonplace to 

analyse such data individually as well as combined in a "total evidence" approach. 

However, the principle axiomatic assumption of MP analyses, that conflicting character 

states have an equal probability of being homologies (see section II.4.3), seems even 

less likely to be met for a combination of such different kinds of characters than it is for 

the characters of only one kind. I cannot judge these probabilities objectively, and hence 

cannot compensate any differences by differential weighting. By not applying weights in 

the absence of objective measures, I inadvertently imply equal weights, which is likely 

to cause problems in the case of conflicting characters. Given the small number of 

morphological parsimony informative characters relative to the number of molecular 

parsimony informative characters, the latter are likely to dominate in conflicts.

A NEXUS file containing the merged cladistic morphological and molecular 

characters is included in the electronic appendix.

V I.l)  P hylogeny of the A nthelidae

For the Anthelidae, the two data sets are not entirely overlapping as no molecular 

characters are available for 6 taxa, and only incomplete molecular data are available for 

12 taxa (CPS missing). Consequently, I analysed the combined data twice, excluding 

and including the taxa with incomplete data.
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VI. 1) Phytogeny of the Anthelidae

Heuristic search (1,000 replicates, random sequence addition) for the taxa with 

complete data resulted in 5 most parsimonious trees, of which the strict consensus is 

presented in Fig. 387. The trees are 1587 steps tong and have a Consistency Index (Cl) 

of 0.56 (excluding uninformative characters of 0.5) and a Retention Index (RI) of 0.52. 

Bootstrap percentages were estimated from 100 pseudo-replicates of 10 sequence- 

addition replicates.

The strict consensus tree (Fig. 387) is largely resolved, but only some of the nodes 

are well supported in the bootstrap analysis (having a bootstrap percentage of >80%; see 

section V.2). With the exception of the species pair Anthela adriana / A. phoenicias, for 

which the species do not differ in their morphological characters, Partition Bremer 

Support (PBS) indicates character conflict between morphological characters and at 

least one codon position of the molecular characters for every node, irrespective of 

bootstrap support values. The species groups, which are well supported by bootstrap 

percentages and PBS, are:

•  Anthela stygiana, A. excel lens, A. nicothoe and Nataxa ßavescens,

•  A. adriana and A. phoenicias,

•  A. astata, A. varia and A. acuta complex,

•  the latter group, A. rep/eta and A. euryphrica,

•  Anthelinae n. sp. and Chenuala heliaspis,

•  Munychiyia senicula and Gephyroneura cosmia,

•  the subfamily Anthelinae, and

•  the family Anthelidae.

As in the analysis of molecular characters, the group Anthelinae n. sp. and C. 

heliaspis is mainly supported by probably saturated third codon positions and distinctly 

contradicted by first and second codon positions of CPS. However, in this analysis the 

PBS indicates support by morphological characters, too.

Heuristic search (1,000 replicates, random sequence addition) including taxa with 

incomplete data resulted in 1032 most parsimonious trees, of which the strict consensus 

is presented in Fig. 388. The trees are 1972 steps tong and have a Consistency Index 

(Cl) of 0.5 (excluding uninformative characters of 0.45) and a Retention Index (RI) of 

0.55. Bootstrap percentages were estimated from 100 pseudo-replicates of 10 sequence- 

addition replicates.
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VI. 1) Phylogeny of the Anthelidae

The strict consensus tree (Fig. 388) is poorly resolved, with most of the polytomies 

being caused by taxa with missing data. The topology of the tree is compatible with the 

one of the analysis including taxa with complete data only. While some of the nodes are 

less well supported by bootstrap values, some additional well supported nodes include 

some of the additional taxa:

•  Anthela unisigna and A. stygiana,

•  A. oressarcha and A. ocellata,

•  A. rubicunda and A. astevias,

•  A. callixantha, A. astata, A. varia and A. acuta complex,

•  the latter group, A. repleta and A. ewyphrica,

•  A. adriana and A. phoenicias,

•  Anthelinae n. sp. and Chenuala heliaspis,

•  A. phaeodesma, A. virescens, A. addita and A. ferruginosa,

•  Munychryia periclyta and M. senicula,

•  the subfamily Anthelinae except Chelepteryx chalepteiyx, and

•  the family Anthelidae.

The large number of missing data appears to cause problems with the calculation of 

Partitioned Bremer Support. While taxa with missing molecular data correctly have PBS 

values of 0 for these genes, this is also the case for some taxa with complete data (e.g., 

A. adriana and A. phoenicias). Further, some taxa with missing CPS data have a 

negative PBS value for this gene (e.g., A. unisigna and A. stygiana). Obviously, the PBS 

values of this consensus tree are not reliable and should be ignored. Repetition of 

analyses did not solve the problem, nor could mistakes be traced in the log files (e.g., 

the consensus tree used for PBS calculation not being the shortes tree). Similar incorrect 

results were obtained for matrices with abundant missing data by other people, too 

(Christine Lambkin, ANIC, pers. comm.).
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Fig. 387: M aximum Parsimony Analysis o f  the com bined m orphological and m olecular characters 
(CPS and E F la , all characters equally weighted) o f  Anthelidae (18 species on bluish background; three 
non-anthelid species as outgroup) with complete data -  strict consensus tree o f the 5 most parsimonious 
trees (each 1587 steps long; 0 = 0 .5 6 ; CIU=0.5; Rl=0.52). Numbers above branches are bootstrap 
percentages >50%  (>80%  bold; 100 bootstrap replicates); numbers below branches are Partitioned 
Brem er Support values (contradicting, negative values bold red), partitioned into morphology, genes 
and codon positions (morphology above E F la  above CPS).
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Anthelinae Munychrviinac

Fig. 388: Maximum Parsimony Analysis of the combined morphological and molecular characters 
(CPS and EFla, all characters equally weighted) of Anthelidae (36 taxa on bluish background; three 
non-anthelid species as outgroup), including taxa with incomplete data (marked with f§  = CPS missing; 
marked with EFla and CPS missing) -  strict consensus tree of the 1032 most parsimonious trees 
(each 1972 steps long; 0= 0 .5 ; CIU=0.45; RI=0.55). Numbers above branches are bootstrap 
percentages >50% (>80% bold; 100 bootstrap replicates); numbers below branches are Partitioned 
Bremer Support values (contradicting, negative values bold red), partitioned into morphology, genes 
and codon positions (morphology above EFla above CPS).
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V I.2 ) P hylogeny of the bombycoid complex

For the bombycoid complex, I scored the morphological matrix according to 

hypothetical ground plans of the families (see section III.7.2). Therefore, the 

morphological data included in the combined matrix do not differ for the sequenced 

exemplars of each family. In the MP analysis I only included taxa with complete data, 

because each bombycoid family distinguished for the morphological data is represented 

by at least one exemplar with complete data and the addition of taxa with mainly 

missing characters is detrimental for the analysis.

Heuristic search (1,000 replicates, random sequence addition) for the taxa with 

complete data resulted in a single most parsimonious tree (Fig. 389). The tree is 2815 

steps tong and has a Consistency Index (Cl) of 0.42 (excluding uninformative characters 

of 0.38) and a Retention Index (RI) of 0.39. Bootstrap percentages were estimated from 

100 pseudo-replicates of 10 sequence-addition replicates.

The single most parsimonious tree (Fig. 389) is almost fully resolved, but only few of 

the nodes are well supported in the bootstrap analysis (having a bootstrap percentage of 

>80%). Except for the placement of Sabalia picarina (Lemoniidae) as sistergroup of 

Dactyloceras widenmanni group (Brahmaeidae) in the Brahmaeidae, none of the well 

supported nodes represents relationships between families. The exclusion of the largely 

saturated third codon positions of EFla or of EFla and CPS did not result in well 

supported, alternative topologies. Consequently I did not estimate PBS values for this 

tree.

Clearly, this analysis failed to provide well supported hypotheses on relationships 

between families of the bombycoid complex, except for the paraphyly of the 

Brahmaeidae in respect to the Lemoniidae.
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Fig. 389: Maximum Parsimony Analysis of the combined morphological and molecular characters 
(CPS and EFla, all characters equally weighted) of the bombycoid complex (19 species on yellowish 
and bluish backgrounds; one non-bombycoid species as outgroup) -  single most parsimonious tree 
(2815 steps long; 0=0.42; CIU=0.38; RI=0.39). Numbers above branches are bootstrap percentages 
>50% (>80% bold; 100 bootstrap replicates) under differential weighting by gene and codon position 
(all data equal / 3rd codon positions of EFla excluded / 3rd codon positions of EFla and CPS excluded)
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Chapter SEVEN: Discussion

CHAPTER SEVEN:  

D I S C U S S I O N

V I I . l )  C omparison of phylogenetic analyses 

VII.1.1) Principle problems of the methods of analysis
Hypotheses of evolutionary relationships between taxa can be derived with different 

methods, and various schools of thought on different methods exist. Each of these 

methods has its specific advantages and shortcomings, and irrespective of the school of 

thought, proponents of a particular method often strongly argue against alternative 

approaches, typically ignoring the shortcomings of their own method of choice. 

Particularly strong dissent exists on the value of Hennigian Argumentation and 

Maximum Parsimony Analyses. The shared use of terms like "cladistic", "homology" 

and "apomorphy" with slightly different meanings by proponents of both methods does 

not further the understanding of the alternative approach. Doubtlessly, Maximum 

Parsimony is worldwide the currently more popular approach of these two methods. 1 

ascribe this popularity to the combination of ease and speed of automated use (in 

particular of large quantities of data), seeming redundancy of prior knowledge of 

organisms and structures, "justification" of the hypotheses by statistical support values, 

and that direct responsibility for explicitly stated hypotheses need not be taken. 

However, popularity by itself is not necessarily evidence of a method's quality or 

reliability, because the majority of users is neither interested in nor in a position to judge 

the different methods. Instead, they are users interested in some result for various 

purposes, and the situation resembles that of end-users and the popularity of computer 

operating systems. I certainly do not claim to have understood each of the methods in all 

its variations and intricacies, but I recognize several basic principles and assumptions of 

each method (see sections II.4.2 and II.4.3). Very many publications discuss principles, 

assumptions, advantages and shortcomings of Hennigian Argumentation as well as 

Maximum Parsimony, and this section is not intended as a literature review. Instead, I 

discuss these methods to clearly state my point of view on both approaches to the 

reader.
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For Hennigian Argumentation the formulation of well supported hypotheses of 

homology is the most critical part. They do not only present the basis for character 

definitions and character states as in Maximum Parsimony Analyses. Additionally, 

hypotheses of homology are used for a priori determination of character polarity by 

outgroup comparison and a priori weighting of character state changes on the basis of 

the quality of the respective hypothesis of homology (see section II.4.2). The hypotheses 

of polarity and of weight are more than just additional information, they are crucial parts 

of the theoretical basis of Hennigian Argumentation -  only shared apomorphies allow to 

conclude on evolutionary relationships, and conflicting hypotheses of apomorphy must 

have the same probability of being correct or otherwise be weighted accordingly (see 

Wägele 2001 for a recent discussion). At the same time they are additional hypotheses, 

and because hypotheses can be wrong, they are additional sources of error in any 

argumentation / analysis.

The a priori assignment of a specific weight is most frequently criticized, because no 

truly objective measure is known to quantify the quality of a hypothesis -  utilizing the 

criteria of homology by Remane (1952) is merely a tool for assessment (see section 

II.4.2). The absolute values of weights are not critical, because relative differences 

between character state changes are decisive in Hennigian Argumentation, but errors in 

absolute values result in errors of relative values. Obviously, the lack of an objective 

measure is a serious shortcoming in Hennigian Argumentation. However, rejecting a 

priori weighting and not applying any weights means to assign equal weights to all 

character state changes. While this assumption of all hypotheses being equally well 

supported is very convenient, it has no objective basis and is most probably wrong for 

morphological as well as molecular characters (e.g., differences in codon positions and 

functionality of protein regions). Obviously, the assumption of equal weight is an 

additional hypothesis, too, and not necessarily better supported than the hypothesis of a 

weight based on an assessment of the criteria of homology.

Errors in hypotheses of polarity derived by outgroup comparison are strongly linked 

to errors in hypotheses of homology (see section II.4.2). Therefore, it is important to use 

only well supported hypotheses of homology in Hennigian Argumentation. However, 

this requirement is not a theoretical, but a practical shortcoming of Hennigian 

Argumentation, because different structures allowing for well supported hypotheses of
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homology (e.g., compound eyes and tympanal organs) are limited in number. In adult 

Macrolepidoptera, for example, a tendency to reduce rather than to develop new 

structures exists. Not only are such reductions and losses homoplastic, but most of all 

they result in a loss of structural detail, which does not permit the postulation of well 

supported hypotheses of homology -  the absence of a structure is the most extreme case, 

lacking any indication of homology. As a consequence, many of the hypotheses of 

monophyly are only supported by single or a few hypotheses of apomorphy, which is 

problematic if they are incorrect.

The actual argumentation of an Hennigian Argumentation is based on the principle of 

Maximum Parsimony. It is traditionally carried out manually, which often attracts the 

criticism of being inaccurate and limited (not covering the "entire tree-space"). 

Depending on the number of contradicting hypotheses of apomorphy and the number of 

taxa, this criticism can be justified. However, the additional information of weights 

helps to resolve many of the conflicts, keeping the number of plausible most 

parsimonious trees at a manageable number. Also, conflicting hypotheses of apomorphy 

could and should be re-assessed on the basis of a re-examination of structures and re

analysis of characters, rather than being accepted as facts. In principle, computer 

software used for Maximum Parsimony Analysis could be used as an alternative to a 

manual analysis if character polarity and weights can be implemented. However, the 

treatment of inapplicable characters by currently available software is problematic 

(treated equally to missing data), and I cannot judge if problems arise with the 

algorithms implemented in "black-box" software, which is not intended for Hennigian 

Argumentation. In the case of my two data matrices, manual analysis was not a problem 

as the data sets are relatively small and lack serious conflicts between hypotheses of 

apomorphy. Further, most of the ad hoc explanations required for conflicting hypotheses 

were typically simple reductions and plausible.

Maximum Parsimony Analysis ("cladistics") applies the same principle of parsimony 

as Hennigian Argumentation, but the theoretical basis of this method differs. In this case 

the principle of parsimony, that the smallest number of evolutionary events required to 

explain a given distribution of character states is the most preferred explanation, is 

applied to all character state changes. Consequently, no a priori hypotheses on the 

polarity of characters have to be made. Further, subjective hypotheses of a priori
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weighting are seemingly avoided by typically assuming an equal weight for all character 

state changes. However, this assumption in itself is a subjective hypothesis, which is 

unlikely to be correct in most cases (see above). By assuming equal weights the analysis 

of data is restricted to the entirely quantitative criterion of parsimony, which is objective 

and consistently applied to all data. In an attempt to avoid the introduction of 

subjectivity and to obtain hypotheses with equal probability of being correct, the scoring 

of character states is typically limited to "observable facts" (yet still interpretations of 

visual signals and not facts), which are regarded as "primary homologies". If a conflict 

between primary homologies exists, this conflict can only be resolved quantitatively, or 

has to be expressed as a consensus. As quantitative decisions can only be made with 

sufficient quantities of primary homologies, a large number of characters is required.

If the distribution of a primary homology is incongruent with the estimated most 

parsimonious topology, its hypothesis of homology is rejected. Otherwise, it is regarded 

as tested and not falsified by incongruence, after which it is referred to as a "secondary 

homology" (a posteriori determination of homology, which depends on the correctness 

of the hypothesized topology). This test of congruence is limited to the homology of an 

individual character state present in different taxa, but cannot test the presumed 

homology of the character states of a character. Hence, if conflicting topologies are 

supported by different characters, non-homology of one state among some of the taxa is 

always assumed. However, this might not be the cause of the conflict. Instead, it might 

be caused by an incorrect homologization of different character states as belonging to 

the same character, i.e., the modifications (character states) of a structure (character) are 

in fact modifications of more than one structure. This is a principle error, which can 

only be avoided by re-examination and re-assessment of actual structures in case of 

conflicts.

For morphological characters, the need for large quantities of "observable facts" and 

the notion that the analysis "will sort out the true homologies" by congruence anyway, 

often result in the scoring of numerous similarities that provide few indications of 

homology, e.g., the relative length of a structure or the colour of a wing. The larger the 

number of incorrect hypotheses of homology that are included in an analysis (which is 

likely to increase with poorly supported hypotheses), the more hypotheses of homology 

are needed to resolve the resulting conflicts. However, in the case of morphological 

characters, the number of well supported hypotheses is limited by the number of
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complex structures, which often causes the postulation of further poorly supported 

hypotheses in an attempt to increase quantity (problem of signal-noise ratio). Scoring 

numerous superficial similarities that are not homologous can easily lead to the rejection 

of a few well supported (and possibly correct) hypotheses of homology, in particular if 

the similarities are linked. An example for such a link are adaptations in various 

Macrolepidoptera -  species with a shortened adult lifespan have typically non-feeding 

imagines and rather sessile females, which attract males over long distances by 

pheromones, while caterpillars are actively involved in dispersal. As a consequence of 

these adaptations, imagines (and to some extent pupae) have a reduced proboscis, 

reduced labial palpi, reduced maxillary palpi, enlarged and bipectinate antennae, 

females with reduced wing-coupling mechanisms, rapidly flying males with 

strengthened costal areas of the fore wing, first instar caterpillars with very long setae 

(aerial drift) and final instar caterpillars with a wandering behaviour prior to pupation. 

All of these characteristics match, e.g., Anthelinae (bombycoid complex) and 

Lymantriidae (Noctuoidea), in which the former were included in the past, despite only 

Noctuoidea having a metathoracic tympanal organ.

The a posteriori determination of character polarity by cladistic outgroup addition 

can cause problems in the determination of character polarity. Apomorphic conditions in 

the outgroup can be mistaken for the plesiomorphic condition in the ingroup, causing 

the plesiomorphic condition of the ingroup to be mistaken as an apomorphy. For 

example, if a primary homology, which happens to be a plesiomorphy of the ingroup, is 

secondarily lost in the exemplar chosen as an outgroup (an apomorphic condition), the 

plesiomorphy of the ingroup can incorrectly be interpreted as an apomorphy of the 

ingroup. The fewer taxa are used as an outgroup, the more likely is this type of mistake.

In summary, both Hennigian Argumentation as well as Maximum Parsimony 

Analysis have several serious shortcomings. In my opinion, Maximum Parsimony is not 

very suitable for the analysis of morphological data, but more suitable for molecular 

data if large quantities of parsimony informative characters are available. For well 

studied morphological characters and moderate numbers of taxa -  as is the case in my 

study -  I believe Hennigian Argumentation to provide better results, despite its 

unpopularity.
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VII.1.2) Particular problems of the applied analyses
The Hennigian Argumentation of chapter III suffers from a shortage of well 

supported hypotheses of homology. Their number is insufficient to resolve all 

relationships, in particular in the presence of conflicting hypotheses. Consequently, 

many of the hypothesized monophyla are only supported by single hypotheses of 

apomorphy, which is not satisfying. The reduced adult lifespan of Anthelidae and most 

bombycoid taxa is linked to reductions of structures (e.g., mouth parts), and the 

immature stages are so far too poorly known (unavailable) to contribute many 

characters. Future more detailed studies of immatures and internal organs are likely to 

yield further well supported hypotheses.

As with the Hennigian Argumentation in chapter III, the number of morphological 

characters used in the Maximum Parsimony Analyses is insufficient. As this approach is 

a quantitative analysis, the lack of data is even more problematic than in Hennigian 

Argumentation. Conflicts, which are frequently caused by secondary losses of 

structures, could not be resolved on a quantitative basis due the shortage of parsimony 

informative data. Instead, alternative topologies are summarized in the strict consensus, 

which reduces its resolution. Further, probably incorrect groupings (e.g., the position of 

Anthela nicothoe if compared against Hennigian Argumentation and the analyses of 

molecular characters) are likely to be the result of the shortage of parsimony informative 

data, with a few homoplasies outnumbering other hypotheses of homology (in the case 

of A. nicothoe this could be the single, well supported hypothesis of homology used in 

the Hennigian Argumentation). The shortage of parsimony informative data and the 

homoplasy are also the probable cause of the low statistical support values. However, 

the few well supported nodes agree with the results of Hennigian Argumentation, as 

well as with molecular data. As the failure of the Maximum Parsimony Analyses of 

morphological characters to provide well supported phylogenetic hypotheses is probably 

largely caused by a lack of parsimony informative characters, no conclusions on the 

principle suitability of this method can be drawn from these analyses.

For the Maximum Parsimony Analyses of molecular data the situation is essentially 

similar. While the total number of parsimony informative characters is relatively high, 

their vast majority consists of third codon positions, which are most probably largely 

saturated for not all but many of the groups in question. This is a general problem of
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data quality (signal-noise ratio), which affects not only Maximum Parsimony Analyses. 

If presumably wrong (saturated) data are excluded from the analyses (see the step-wise 

down-weighting of third codon positions in sections V.4), the remaining number of non- 

saturated data is too small to reliably resolve relationships by Maximum Parsimony. If 

these doubtful data are not excluded, they might result in incorrect topologies, either 

outnumbering alternative topologies (which is indicated by negative PBS values for 

other codon positions) or being uncontradicted due to a lack of non-saturated parsimony 

informative characters (PBS values of 0 for other codon positions). In the latter case I 

would expect contradictions from other saturated bases in third codon positions, 

probably causing low PBS values for third codon positions of incorrect taxon groups or 

ideally even reducing the effect of saturation to random noise.

I did not discuss process-dependent methods like Maximum Likelihood and Bayesian 

Inference in section VII. 1.1. However, it should be noted that naturally the quality of 

any process-dependent method stands or falls with the fit of its model to the data. In the 

case of my molecular data, as well as with most published analyses, the best fitting 

model of all available models is the most complex (parameter richest) one, namely 

GTR+I+r. This indicates that none of the available models fits the complex 

evolutionary processes perfectly. An analysis of the molecular data partitioned by codon 

positions and with different models and/or parameters for each partition (as currently 

only possible in Bayesian Inference software) might have resulted in better fits between 

models and data than my combined analyses of all codon positions did.
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VII.1.3) Consensus of well supported hypotheses

VII.1.3.1) Anthelidae
For the Anthelidae neither Hennigian Argumentation nor cladistic analyses of 

morphological, molecular or combined data resulted in well supported, fully resolved 

dendrograms. However, all analyses provide at least some well supported hypotheses of 

monophyla. For the various analyses of molecular data these monophyla have already 

been summarized in section V.4.1.4 (Fig. 376). Comparing the well supported 

monophyla of the cladistic analyses of morphological data (Fig. 356) and combined data 

(Figs 387, 388) with this summary, all of these monophyla are also supported by the 

analyses of molecular results. In general, the analyses of molecular data resulted in more 

and better supported hypotheses than any of the other two approaches, and no well 

supported contradictions exist between them. The cladistic analysis of morphological 

data has been particularly weak due to a lack of parsimony informative data, which is 

why the combined analysis of morphological and molecular data is dominated by the 

latter.

The Hennigian Argumentation is a second, independent line of evidence, which 

should be compared against the cladistic analyses. It shares the use of the same 

morphological structures with the cladistic analysis of morphological data, but the 

characters were scored differently and the methods of analyses differ, too. The 

independent postulation of the same hypotheses increases the probability of them being 

correct, but in accordance with the principle of falsification (Popper 1934) there can 

never be proof of their correctness. At the same time, any conflict between these 

hypotheses must result in the falsification of one of them.

The few well supported hypotheses resulting from the cladistic analysis of 

morphological data (Fig. 356) do not contradict the results of the Hennigian 

Argumentation (Fig. 354), but agree with them. This is also the case with most of the 

hypotheses summarized for the molecular analyses (Fig. 376), and a noticeable 

agreement exists also in the failure of either method to resolve relationships for a large 

number of groups within the Anthelinae. This might reflect a rapid radiation of their 

common ancestors, as indicated by the lack of synapomorphies for these taxon groups in 

the Hennigian Argumentation and the relatively short branches leading to these groups 

in the phylograms of Maximum Likelihood and Bayesian Inference analyses (Figs 374,
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375). While numerous potential causes, e.g., changes in climate or access to new 

resources (plants), can be imagined, any conclusion on the cause for such a 

hypothesized rapid radiation without further information would be speculation.

However, differences between the hypotheses of Hennigian Argumentation and 

cladistic analyses of molecular data exist, too. In the summary of the cladistic analysis 

(based on EFla only) the relationships between Anthela callixantha, A. astata & varia 

and A. acuta complex are not resolved, while A. callixantha is hypothesized to form a 

monophylum with A. astata & varia in the Hennigian Argumentation. The situation is 

similar for the polytomy of A. virescens, A. addita and A. ferruginosa in the cladistic 

summary, which is resolved in Hennigian Argumentation with A. virescens and A. 

addita forming a monophylum. This topology is also supported by all individual 

analyses of EFla, but the support values were slightly lower than the self-imposed 

margins for the inclusion in the summary (80% bootstrap support or 90% posterior 

probability/). Further, the summary/ of analyses of molecular data includes the 

monophyly of A. unisigna and A. stygiana, which form an unresolved polytomy in the 

Hennigian Argumentation.

The inclusion of Anthela excellens in an unresolved monophylum including A. 

nicothoe and Nataxa flavescens is rather well supported in Hennigian Argumentation, 

but is not supported by analyses of molecular data. However, as the species is placed in 

a polytomy as a potential sistergroup of A. nicothoe and N. flavescens, the inclusion of 

A. excellens in a polytomy with A. nicothoe and N. flavescens is not contradicted either. 

Neither of the hypotheses can be falsified as a possible consensus would be the 

placement shown in Fig. 390. Similarly, A. tetraphrica is part of an unresolved 

monophylum including A. unisigna, A. stygiana, A. nicothoe, A. excellens and N. 

flavescens in Hennigian Argumentation, while it is not included in this monophylum in 

the summary of analyses of molecular data. Instead, it is placed in a more inclusive, 

unresolved monophylum. Again, neither of the hypotheses can be falsified as a possible 

consensus would be the placement shown in Fig. 390.

The support of the sistergroup relationship between Chenuala heliaspis and the 

undescribed antheline species in analyses of molecular characters is dubious as 

discussed in section V.4.1.1. According to Hennigian Argumentation, the undescribed 

antheline species is not the sistergroup of C. heliaspis, but of C. heliaspis and a large 

number of antheline species, to which C. heliaspis forms the sistergroup. This
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separation of Anthelinae n. sp. and C. heliaspis in the Hennigian Argumentation is 

based on a single, very well supported hypothesis of apomorphy. As the analyses of 

molecular data provide only dubious support, I favour the hypothesis of the Hennigian 

Argumentation. However, at the same time the analyses of molecular data support a 

different placement of both taxa than does Hennigian Argumentation, in which 

essentially this position is swapped with a large monophylum including A. callixantha, 

A. astata & varia, A. acuta group, A. repleta and A. euryphrica. This placement is only 

moderately well supported in Hennigian Argumentation and also affected by the 

unresolved placement of Pseudodreata & Corticomis, taxa for which no molecular data 

are available. Given the uncertainties in the Hennigian Argumentation (see section 

III.7.1) and the dubious support for the relationship between the critical taxa Anthelinae 

n. sp. and C. heliaspis in the analyses of molecular data, I cannot convincingly refute 

either hypothesis. As an alternative, I form an unresolved consensus in Fig. 390. This 

dendrogram summarizes all well supported groups of all methods of analysis and 

represents my phylogenetic working hypothesis.
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{Z Anthela unis'igna 
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Nataxa flavescens 
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Anthela tetraphrica 

Anthela adriana 
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Anthela acuta 
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Fig. 390: Dendrogram visually summarizing all well supported hypotheses of monophyly within the 
Anthelidae (on bluish background) based on Hennigian Argumentation and cladistic analyses of 
morphological and molecular data. Consensus positions required by conflicting hypotheses of different 
methods of analysis are represented by dotted lines (note that this position is not postulated to be the 
correct position, but merely a compromise due to the inability to refute one of the hypotheses). Red 
dots mark nodes that are well supported by molecular characters.
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VII.1.3.2) Bombycoid complex
The analysis of molecular data resulted in very few hypotheses of relationships 

between bombycoid families (Fig. 386). The only relationships well supported in most 

analyses are the inclusion of the Lemoniidae in the Brahmaeidae and the sistergroup 

relationship of this taxon with the Eupterotidae. A close relationship of Apatelodinae 

and Carthaeidae to this group is frequently but less strongly support, too. Otherwise, 

only relationships within families were supported by the majority of analyses. However, 

Bayesian Inference of data including CPS provided support for a monophylum including 

the Lemoniidae/Brahmaeidae, Eupterotidae, Apatelodinae, Carthaeidae, Endromidae, 

Lasiocampidae and Anthelidae, as well as including the Saturniidae in one instance. 

Given the saturation of the dominant third codon positions of CPS and EFla at this 

phylogenetic level and the limited support (posterior probabilities of about 90; Figs 382, 

385) provided by Bayesian Inference only, the monophyly of this group is rather 

questionable. The combined Maximum Parsimony Analysis of morphological and 

molecular characters (Fig. 389) did not provide additional support and the only well 

supported relationships between families are the inclusion of Lemoniidae in 

Brahmaeidae. As for Anthelidae, the combined analysis for the bombycoid complex is 

dominated by molecular characters. Unlike the previous two methods of analysis, the 

cladistic analysis of morphological characters provides support for the monophyly of the 

bombycoid complex. However, this is the only well supported hypothesis of the entire 

analysis.

Hennigian Argumentation results in moderately resolved hypotheses of relationships 

between families, but almost all are at best supported by a single hypothesis of 

apomorphy. The moderately to well supported monophyly of the bombycoid complex is 

the exception. Given the large number of missing data and the limited examination of 

family members, in particular of Macrolepidoptera other than of the bombycoid 

complex, the dendrogram derived by Hennigian Argumentation is no more than 

tentative, with some parts of the topology based on single well or very well supported 

hypotheses of apomorphy. A group including Lemoniidae & Brahmaeidae, Eupterotidae 

and Anthelidae is hardly resolved due to conflicting, homoplastic characters. The 

relationship between Lemoniidae & Brahmaeidae and Eupterotidae that is very well 

supported by the analyses of molecular data, matches one of several possible ad hoc 

explanations in the Hennigian Argumentation. A different ad hoc explanation was
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favoured (see section III.7.2), but given the strong support of molecular characters, the 

favoured ad hoc explanation of the Hennigian Argumentation is refuted. The better 

supported topology is presented in the summary of all supported topologies (Fig. 391), 

which represents my phylogenetic working hypothesis [in the absence of well supported 

alternatives, this summary is largely identical with the result of the Hennigian 

Argumentation].

---- ® Lemoniidae / Brahmaeidae ___  ̂ Bombycoidea
-----  Eupterotidac

___ ______ Anthelidae Lasloeampoidea

Satumiidae 

Sphingidac 

Carthaeidae 

Bombycidae 

Mirinidae 

Endromidae 

Lasiocampidae 

Mimallonidae 

Notodontidae 

Thyrididae
Fig. 391: Dendrogram visually summarizing all well supported hypotheses of monophyly within the 
bombycoid complex (on yellowish and bluish background) based on Hennigian Argumentation and 
cladistic analyses of morphological and molecular data. Red dots mark nodes that are well supported by 
molecular characters (however, no molecular data are available for Mimallonidae and Mirinidae). Note 
the hypothesized polyphyly of the Lasiocampoidea (orange).
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VII.2) T esting of phylogenetic hypotheses

If one accepts the theory of evolution as the explanation for the occurrence of 

different taxa, the presence of factual evolutionary relationships between taxa is a logic 

consequence. These relationships are de facto non-observable and the reconstruction of 

the single "true phylogeny" is the aim of any phylogenetic study. Dendrograms, such as 

in Figs 390 and 391, are intended to reflect the phylogeny of taxa. Flowever, these 

dendrograms are merely graphical summaries of numerous phylogenetic hypotheses and 

do not necessarily match the unknown, true phylogeny. As all hypotheses in general, 

phylogenetic hypotheses can never be proven to be correct (Popper 1934). 

Consequently, no synapomorphy, no support value of any kind, no congruence between 

characters or even between independently derived, complex hypotheses can prove a 

phylogenetic hypothesis to be correct. Instead, a phylogenetic hypothesis has to be 

constantly questioned and tested, in an attempt to falsify it. While confidence in a 

hypothesis might grow with repeated failure to falsify it, a final proof of its correctness 

is not possible. Nevertheless, a very well tested hypothesis might eventually be accepted 

as factual for practical reasons, e.g., the hypothesis of gravity.

My own phylogenetic hypotheses, which are summarized in Figs 390 and 391, are no 

exceptions and require repeated attempts of falsification. Such falsification cannot be 

conducted with any data utilized for the formation of the hypotheses. Hence, the 

calculation of additional statistical support values based on the present data is not an 

attempt to falsify the hypotheses. Instead, new data are required that have to be assessed 

against the existing hypotheses. Only incongruence of the existing hypotheses with the 

new hypotheses can falsify the former, and only if the latter are better supported or 

equally well supported and more numerous.

In practical terms, such a falsification is rather difficult as usually all data available at 

the time have already been used for the generation of the phylogenetic hypotheses. New 

data could be additional gene sequences, as well as characters based on morphological 

structures not utilized in this study, e.g., potentially egg and pupal morphology or 

thoracal sclerites. The study of the organisms by other researchers is likely to provide 

such new data and hence I regard my data and dendrograms as working hypotheses, 

which are up for discussion and falsification by others.

Checking the plausibility of the proposed phylogeny is a form of falsification
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attempts. It involves the assessment of additional hypotheses ("knowledge") against the 

existing phylogeny, typically in an informal way without explicitly stating the additional 

hypotheses. For example, a phylogeny appears to be implausible if it hypothesizes the 

repeated loss and re-gaining of complex structures such as wings or mouth parts. While 

this might not be a formal refutation of the proposed hypotheses, a check of the 

plausibility of the phylogenetic hypotheses can provide valuable indications and prompt 

a more rigorous examination.

Apart from mapping hypotheses of discrete character changes onto a proposed 

phylogeny, the mapping of other biological information can be useful to assess 

plausibility of phylogenetic hypotheses. Such information could be, e.g., data on 

distribution, behaviour or host usage. However, such "data" represent and require 

numerous hypotheses, too, and have to be used with caution. For example, several 

anthelid species have been recorded as feeding on grasses (see Appendix C). Grasses are 

generally poor in nutrients and "armed" with silicate crystals, which might be the reason 

for grass-feeding being very uncommon amongst the large caterpillars of bombycoid 

species. Hence, I hypothesize that grass-feeding did not evolve many times 

independently within the Anthelidae. As a check of plausibility, I mapped the host 

records of Appendix C onto my working hypothesis of anthelid phylogeny (Fig. 390). 

The result (Fig. 392) supports the hypothesis that the shared ancestors of all Anthelinae 

other than Chelepteiyx (the vast majority of extant Anthelidae) fed on grasses, with 

shifts to other hosts evolving several times independently. These shifts in hosts appear 

to be mainly to Acacia species and to coincide with rapid speciation, which is indicated 

by the very short corresponding branches in phylograms (e.g., Figs 374 and 375) and 

results in the large polytomy within Anthelinae in Fig. 390.

Further, the proposed phylogeny of Anthelidae is not fully resolved, no host records 

exist for numerous taxa and the reliability of the host records used is not consistent and 

often poor. Therefore, my data are inconclusive to whether grass-feeding evolved only 

once or multiple times, and consequently, these current biological data are not suitable 

to falsify the proposed anthelid phylogeny.
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Fig. 392: Proposed anthelid phylogeny (Fig. 390) in combination with plant families of host records 
(Appendix C). Records of grasses (Poaceae) are marked blue, while Acacia species (Mimosaceae) are 
yellow and Myrtaceae (inch Eucalyptus spp.) are red. Grass-feeding appears to have evolved rather 
early during anthelid evolution and possibly (but not necessarily) only a single time, while feeding on 
Acacia species (and other hosts) seems to have evolved multiple times. Note that many records other 
than of Poaceae and Mimosaceae represent single observations and that the records are not equally 
reliable.
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VII.3) R evised taxonomic classifications

The number of available taxonomic ranks (species, genus, tribe, family, etc.) is 

obviously much smaller than the number of nodes of most phylogenetic hypotheses, let 

alone speciation events. While in theory each node could be named if required (neither 

necessary nor practical), not every node of my phylogenetic hypothesis can be assigned 

a formal rank due to the shortage in ranks. An arbitrary choice between nodes has to be 

made, and no binding rules exist for this process. It is desirable for comparison, but 

impossible in practice, to assign formal ranks at equivalent phylogenetic levels. Hence, 

the use of ranks in our current classification of living organisms is inconsistent and not 

comparable, e.g., a bird family is not necessarily equivalent to a moth family or a plant 

family. This is a major shortcoming of the classification system, limiting its usefulness.

I see the function of the classification in providing a nomenclatural index system to 

information on organisms. For practical reasons this index should be as stable as 

possible, which requires any classification to be exclusively based on well supported 

hypotheses. If the classification reflects phylogeny, it conveys additionally some limited 

information on relationships -  all members of a rank (e.g., of a genus or family) are 

more closely related to each other than to any other organism, and this relationship is 

stable. Therefore, 1 believe that formal ranks should only be assigned to well supported 

monophyla. As a consequence, these ranks do not necessarily comprise only in habitus 

similar organisms, but can include highly modified, very distinct taxa. To isolate such 

distinct taxa by assigning an equivalent rank to them and the monophylum means 

creating paraphyletic taxa and is to be avoided. Isolating the distinct taxa and splitting 

the larger monophylum according to a phylogenetic hypothesis is an alternative. 

However, this often results in assigning ranks to poorly supported (=unstable) 

monophyla or in creating numerous very small or even monotypic taxa, which is not 

desirable either. In such a case I opt to assign a rank to a more inclusive but better 

supported monophylum, even if this means "lumping" distinct taxa together with in 

habitus less similar taxa (e.g., in the case of the anthelid genus Nataxa). If future 

research provides better hypotheses on the relationships within the more inclusive 

monophylum, then well supported and compatible splits might be possible.
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Despite some differences between the phylogenetic hypotheses derived by Hennigian 

Argumentation, cladistic analyses and model-dependent analyses (see IV. 1), numerous 

monophyla are proposed by most analyses (or are at least compatible with all analyses) 

and only a few contradictions exist. The phylograms are not fully resolved, but as the 

polytomies consist of monophyletic groups, these monophyla can be used as the basis of 

taxonomic classification despite lacking a hypothesis of the relationships between them.

In the following sections I propose revised taxonomic classifications based on 

hypothesized monophyla at the generic, subfamily, family and superfamily level. A 

checklist of all described anthelid genera and species in accordance with the proposed 

new classification is presented in Appendix B.

VII.3.1) Generic classification of Anthelidae
As currently perceived (see Appendix A), the genus Anthela includes 80% of all 

described species and is paraphyletic in respect to the genera Nataxa, Omphaliodes, 

Pterolocera and probably Chemiala, hence most other genera of the Anthelinae. 

Synonymizing these genera with Anthela would equate Anthela+Chelepteryx with 

Anthelinae, and little is to be gained from this. Instead, I propose to subdivide the large 

subfamily Anthelinae into monophyletic groups, restricting Anthela to its type species 

and closest relatives and resurrecting synonymized genera or defining new ones (see 

Appendix B). I propose the following genera for the family Anthelidae, to which all 

anthelid species in the ANIC can be assigned, including all undescribed species (only 

two of these undescribed species are listed in Appendix B):

•  Munychryia W alker, 1865

Type species: Munychyia senicula W alker, 1865 (Figs 393, 394).

Autapomorphies: (1) Phallus base bulbous [H.31 (1)].

Notes: A small genus with only two described species, of which M. senicula is part 

of a small complex of sibling species (specimens from northern QLD as well as 

TAS/VIC/probably SA differ from the typical specimens from southern QLD/NSW 

in male genital structures, particularly the hook-shaped comutus, and represent at 

least two undescribed species).

The sistergroup relationship of the two described species relative to the superficially 

very similar Gephyroneura cosmia is very well supported by molecular characters. 

Relative to G. cosmia and an undescribed munychryiine species from WA the
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monophyly is also supported by the proposed autapomorphy of the genus. The 

caterpillars of Munychryia show numerous apomorphies (e.g., the enlarged 

prothoracic legs; the membranous lobe of the thoracic tibiae (Fig. 395); the posteriad 

extended anal prolegs (Fig. 396); the minute, club-shaped secondary setae (Fig. 284); 

a prominent, unpaired median lobe (glandular sack?) located posteriorly to the 

hypopharyngeal complex (Fig. 397); the colour pattern of longitudinal stripes on the 

body (Fig. )), some of which have previously been proposed as autapomorphies of 

the Munychryiinae by Common and McFarland (1970). However, as long as the 

caterpillars of the other Munychryiinae (G. cosmia and the undescribed species from 

WA) are unknown, it is not possible to decide whether these peculiarities of the 

caterpillars are autapomorphies of the genus Munychryia or of (parts of) the 

subfamily Munychryiinae.

Fig. 393: Munychryia senicula W alker, 1865, S (NSW, Church Point) -  type species of Munychryia 
W alker, 1865 [scale bar= 1cm],
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Fig. 394: Munychryia senicula W alker, 1865, $ (NSW, Church Point) — type species of Mimychiyia 
W alker, 1865 [scale bar = 1cm],

Fig. 395: Munychryia senicula (Anthelidae), caterpillar (LI), ventro-mesal view (top left=anterior) -  
left metathoracic leg with a membranous lobe on the mesal side of the tibia (between yellow arrows).
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Fig. 396: Manychryia senicula (Anthelidae), caterpillar (LI), ventral view (top left=anterior) -  anal 
prolegs posteriad extended (yellow arrows).

Fig. 397: Munvchyia senicula (Anthelidae), caterpillar (LI), ventral view (top=anterior) -  head 
capsule posteriorly of the hypopharyngeal complex (HC) with an unpaired, median membranous lobe 
(between yellow arrows; possibly glandular).
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•  Gephyroneura T urner, 1920

Type species: Gephyroneura cosmia T urner, 1921 (Fig. 398).

Autapomorphies: (1) Loss of the single cornutus [H.32(0)]. (2) Partial basal fusion of 

Rsl/Rs2 and Rs3/Rs4 branches in the fore wing [H.50( 1)].

Notes: A monotypic genus, which is only known from a few male specimens from 

the Atherton Tableland (north-eastern QLD) and Rockhampton (eastern QLD); the 

female and pre-imaginal instars are unknown. The sistergroup relationship of the 

genus to Munychryia is well supported by molecular characters (in the absence of 

other Munychryiinae!), but only poorly defined morphologically by the above 

autapomorphies. None of these apomorphies are unique and both depend on the 

interpretation of the phylogeny within the Munychryiinae (see section III.7.1). 

Common and McFarland (1970: 21) noted that Gephyroneura differs from the 

superficially very similar genus Munychyia additionally in the reduction of mouth 

parts and the absence of subapical spurs of the hind tibiae. Both of these 

characteristics are very common reductions in Lepidoptera (inch Anthelidae) and not 

suitable to define a genus.

Being the presumed sistergroup of Munychiyia and being only poorly defined, 

Gephyroneura as well as the following genus ("Genus novum 1") could be included 

in Munychryia. However, this would equate Munychryna with Munychryiinae, and as 

Gephyroneura is already a described and recognized genus, I retain it as a genus 

distinct from Munychryna, despite any monotypic genus being per se uninformative.
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Fig. 398: Gephvroneura cosmia T urner, 1921, f (QLD, 7mi NNE Ravenshoe) -  type species of 
Gephyroneura T urner, 1920 [scale bar -  lcm].
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•  "Genus novum 1"

Proposed type species: undescribed ["Munychryiinae n. sp." (Figs 399, 400)]. 

Autapomorphies: (1) Partial basal fusion of Rsl/Rs2 and Rs3/Rs4 branches in the 

fore wing [H.50( 1)]. (2) Uncus with a blunt posterior edge [C.l(2)j.

Notes: Like the preceding genus Gephyroneura, this undescribed genus is monotypic 

and morphologically poorly defined by an autapomorphy, which depends on the 

phylogeny of the Munychryiinae (the first apomorphy is also present in 

Gephyroneura, but ad hoc assumed to be a convergence; see section III.7.1). The 

blunt posterior edge of the rather broad and flat uncus seems to be a unique reduction 

of the weakly bilobed edge. According to the proposed phylogenetic hypothesis and 

because Gephyroneura is retained as a distinct genus, a new genus has to be 

described for the undescribed munychryiine species, despite its poor definition (see 

Gephyroneura).

The species is only known from two male and one female specimens from southern 

WA in the AN1C.
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Fig. 399: "Munychryiinae n. sp.", S  (WA, Mt. Singleton) -  proposed type species of "Genus novum 1" 
[scale bar = 1cm],

Fig. 400: "Munychryiinae n. sp.", $ (WA, Cane Grass Swamp 57km S Menzies) -  proposed type 
species of "Genus novum 1" [scale bar = 1cm],
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•  Chelepteryx Gray, (1835]

Type species: Chelepteryx co/lesi G ray [1835] (Figs 401, 402).

Autapomorphies: (1) Fusion of juxta and phallus by sclerotization of entire manica 

[FI.29(1)].

Notes: A small genus with two very large species. The genus ranges in its 

distribution along the East coast and Tablelands from northern QLD to VIC. The 

huge, spiny caterpillars are frequently encountered in urban areas when wandering 

around prior to pupation.

Fig. 401: Chelepteryx collesi G ray [1835], S  (VIC, Hazelwood) -  type species of Chelepteryx G ray 
[1835] [scale bar= 1cm],

Fig. 402: Chelepteryx collesi G ray [1835], $ (VIC, Morwell) -  type species of Chelepteryx G ray 
[1835] [scale bar = 1cm],
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•  Anthela W alker, 1855

Type species: Anthela feiruginosa W alker, 1855 (Figs 403, 404).

Autapomorphies: (1) Mesal protrusion and anellus merged with the juxta.

Notes: By defining the principal anthelid genus Anthela by the above autapomorphy, 

the genus is restricted to A. feiruginosa, A. virescens, A. phaeodesma and the A. 

addita group (strongly supported by molecular characters). All other species so far 

included in Anthela should be placed in other genera as described below [see 

Appendix B for details]. In the A. addita group, the habitus of specimens can vary 

strongly, but only two sympatric species are easily recognizable by male genital 

structures. Similarly, A. feiruginosa is very variable in habitus, but only one 

undescribed species from WA (in the ANIC) differs consistently in habitus (greyish 

and with strongly marked wing pattern) and marginally in male genital structures. A 

further undescribed Anthela species occurs on the Atherton Tableland. The 

distribution of Anthela [5 . str.] ranges mainly along the East coast and Tablelands 

from N QLD through NSW, VIC, TAS and SA to WA, but A. feiruginosa has 

occasionally been collected at locations further inland, too (e.g., QLD, Carnarvon 

Ranges, Mt. Moffat). A. phaeodesma, which inhabits Cape York Peninsula and 

north-eastern QLD, occurs also in coastal areas of PNG (a single specimen in the 

Brandt collection at the ANIC).
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Fig. 403: Anthela ferniginosa W alker, 1855, <$ (NSW, Burrill Lake near Woodburn SF) -  type 
species of Anthela W alker, 1855 [scale bar = 1cm],

Fig. 404: Anthela ferniginosa W alker, 1855, $ (NSW, Kanangra Walls, Boyd Ck) -  type species of 
Anthela W alker, 1855 [scale bar = 1cm],
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•  Colussa W alker, 1860, stat. rev.

Type species: Colussa odenestaria W alker, 1860, a junior subjective synonym of 

Darala varia W alker, 1855 (Figs 405, 406).

Autapomorphies: (1) Uncus lobes with a mesad tilt of less than 30° entirely fused. (2) 

Mesal protrusion/anellus forms a well sclerotized, elongate, setose ridge lateral of the 

phallus. (3) Valva apodeme lobe forms a posterior, "upturned" process (reduced in 

many species). (4) Right sclerotized band on vesica forms a long, curved to bent 

process.

Notes: This is the largest anthelid genus, comprising 20 currently recognized species 

from Australia and 9 described species from New Guinea and Aru. Many of these 

recognized species represent a complex of cryptic, sometimes synonymized but often 

undescribed species. The sympatric occurrence of two to three species of the C. 

acuta / astata complex is common along the East coast and Tablelands of Australia. 

Further, a small number of distinct, undescribed species mainly from WA is housed 

in the ANIC, most noticeably a species of unusual habitus from the Pinkerton Range 

(NT). In contrast, some currently recognized species are likely to represent 

synonyms. For example., C. basigera and C. denticulata are largely distinguished by 

distribution only, while being differentiated from C. euryphrica by their darker 

colour and distribution. However, mapping the distributions of specimens in the 

ANIC revealed an overlap in distribution, and no constant differences in male genital 

structures exist. Further, of 492bp of EFla sequence of C. basigera (SA, Adelaide) 

and C. euryphrica (NSW, Orange) only a single base differs (0.2%; see Omphaliodes 

below for comparison). This argues for synonymizing these three species, with C. 

denticulata (Newman, 1856) being the most senior synonym. The total number of 

species comprised in this genus is difficult to judge, but based on preliminary 

dissections of male genital structures I expect the total number of species to range 

from 50 to 90.

Molecular characters support the monophyly of this genus very strongly. Likewise, 

the male genital structures possess several unique and within the genus universal 

modifications (see apomorphies) that provide excellent support for the monophyly of 

the genus. Male genital structures differ surprisingly little, except for the various 

simple modifications of the clasper and the common reduction of the valva apodeme 

lobe. In contrast, species can differ tremendously in size and habitus. Further, the
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wing pattern and colouration of many species are extremely variable, and the 

offspring of a single female can comprise the full range of variations of a species 

[own observation from rearing Anthelidae]. Sexual dimorphism is extreme, which 

contributed to the description of numerous synonyms. A careful revision of this 

genus is urgently needed, with the use of molecular characters, ideally combined with 

the study of caterpillars and male genital structures, seeming to be the most 

promising approach.

The genus is extremely widespread in Australia and New Guinea, but diversity 

appears to be particularly high along the East coast and Tablelands of Australia. 

Many of the New Guinean species can hardly be separated from the Australian 

species, but others (e.g., Colussa charon) are very distinct.

- 4 8 0 -



VII.3.1) Generic classification of Anthelidae

Fig. 405: Colussa odenestaria W alker, 1860 [= Colussa varia (W alker, 1855)], <$ (NSW, 
Warrumbungles) -  type species of Colussa W alker, 1860 [scale bar = 1cm].

Fig. 406: Colussa odenestaria W alker, 1860 [= Colussa varia (W alker, 1855)], $ (QLD, Brisbane) -  
type species of Colussa W alker, 1860 [scale bar = 1cm],
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•  Pseudoclreata B ethune-B aker, 1904, stat. rev.

Type species: Pseudodreala strigata B ethune-B aker, 1904 (Figs 407, 408). 

Autapomorphies: (1) Apically touching uncus lobes only dorsally and only partly 

fused. (2) Mesal protrusion, anellus and gnathos form a unique and complex dorsal 

suspension of the phallus. (3) Partial sclerotization of vesica forms funnel-shaped 

phallus apex.

Notes: The genus comprises only four described species, two of which were 

described in the genus Corticomis van E ecke, 1924 syn. nov. and overlooked by 

subsequent authors. However, many undescribed species are represented by single 

specimens in collections around the world. The Brandt collection in the ANIC 

contains numerous very similar species, which are part of an extensive species 

complex around Pseudodreata strigata / aroa, rivalling the species complex around 

Colussa astata /  acuta / ekeikei in complexity and possibly species number. 

Morphologically, male genital structures are very constant, possessing a unique and 

complex modification of the phallus support, but are very simple in all other aspects. 

Unlike genital structures, the habitus is extremely variable within this genus, ranging 

from fragile, small-bodied, large-winged moths to large and stout-bodied. Within the 

genus a probably monophyletic group of species (including the type species of 

Pseudodreata) can be defined by a pattern of the hind wing colouration unique for 

Anthelidae and a more extensive dorsal fusion of the uncus lobes. However, while 

the remaining taxa (including the type species of Corticomis) are characterized by a 

crenulate postmedian band in the fore wing and shorter as well as less extensively 

fused uncus lobes, these characteristics are unlikely to represent apomorphies and 

hence a separation of Pseudodreata and Corticomis would possibly render the latter 

paraphyletic, which is why I propose to synonymize Corticomis with Pseudodreata. 

Pseudodreata (as well as Corticomis) is endemic to New Guinea, where it occurs 

over the entire longitudinal range as well as over a large altitudinal range, from sea 

level to at least as high as 3500m. Despite the genus being widespread and rather 

regularly collected, females are relatively scarce in collections and the pre-imaginal 

instars are entirely unknown.
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Fig. 408: Pseudodreata strigata inconstans (Joicey, N oakes & T albot, 1915), Paralectotype (NHM, 
London), $ (Indonesia, New Guinea, Arfak Mtns, Angi Lakes) -  probably similar to the nominate 
subspecies, which is the type species of Pseudodreata B ethune-B aker, 1904 [scale bar = 1cm],
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•  "Genus novum 2"

Proposed type species: undescribed ["Anthelinae n. sp." (Figs 409, 410)]. 

Autapomorphies: (1) Fore wing with a subapical protrusion. (2) Mesal side of valva 

with a uniquely shaped transverse ridge (forming two flattened protrusions, 

orientated at right angle to each other) (3) Shape of dorso-laterally protruding uncus 

lobes (4) Shape of the valva apodeme lobe (flat and ventrally up-curved).

Notes: This monotypic genus includes a very unusual species, which has several 

unique modifications, but at the same time retains several plesiomorphic 

characteristics lost or modified in most other antheline species. Apomorphy (1) is 

shared with Chenuala heliaspis, but ad hoc assumed to be a convergence due to a 

conflict with another character (see section III.7.1). Molecular analyses either do not 

resolve the relationship of this species with C. heliaspis and others, or group it 

together with C. heliaspis. The latter appears to be caused by saturation in third 

codon positions (see section V.4.1.4). While monotypic genera are meaningless, I 

suggest placing this species in a genus of its own to allow the separation of the 

remaining Anthelinae into monophyletic groups. Being monotypic, the apomorphies 

of the species and genus are identical.

The species seems to occur only in rainforest areas of northern QLD (Cooktown to 

Ingham, including the Atherton and Windsor Tableland). Numerous specimens are 

held in the ANIC, UQIC and QM, almost all of them being an in colouration variable 

series of males. Only three female specimens are known (in the ANIC and UQIC), 

which in appearance are somewhat similar to some females of the genus Colussa. 

The pre-imaginal instars are unknown.
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Fig. 409: "Anthelinae n. sp.", S  (OLD, 21km S Atherton) -  proposed type species of "Genus novum 2" 
[scale bar = lcm].

Fig. 410: "Anthelinae n. sp.", $ (QLD, SW Mossman, 25km on Mt. Lewis Rd) -  proposed type 
species of "Genus novum 2" [scale bar = lcm].
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•  Chenuala Swinhoe, 1892

Type species: Chenuala rufa Swinhoe, 1892 (Figs 411, 412), a subjective junior 

synonym of Ocneria heliaspis M eyrick, 1891.

Autapomorphies: (1) Fore wing with a subapical protrusion. (2) Shape of the valva 

apodeme lobe (huge, dorso-ventrally expanded, distally wider than basally).

Notes: As in the preceding genus apomorphy (1) is not unique, but shared with 

"Genus novum 2" (see above). The valva apodeme lobe has a very unusual shape 

(different from "Genus novum 2"), which is why the species is not included in the 

larger monophylum defined by the at roughly 45° protruding valva apodeme lobe.

The species occurs along the East coast and Tablelands from southern QLD to VIC. 

Older caterpillars are occasionally found on Eucalyptus trees or wandering around 

prior to pupation.
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Fig. 411: Chenuala rufa S winhoe, 1892 [= Chenuala heliaspis (Meyrick, 1891)], f  (VIC, Moe) -  type 
species of Colussa W alker, 1860 [scale bar = 1cm],

Fig. 412: Chenuala rufa S winhoe, 1892 [= Chenuala heliaspis (Meyrick, 1891)], 9 (NSW, 2.7km NE 
Queanbeyan) -  type species of Colussa W alker, 1860 [scale bar = 1cm],
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•  Ptero/ocera W alker, 1855

Type species: Ptero/ocera amplicornis W alker, 1855 (Figs 413, 414). 

Autapomorphies: (1) Cocoon with exit tube in a vertical shaft in the soil.

Notes: The genus comprises eight currently recognized species, but many 

undescribed sibling species exist. Due to wingless females and the increasing 

patchiness of native grasslands in SE Australia gene-flow between populations is 

likely to be very limited for some species, which makes the occurrence of allopatric 

speciation likely. However, the habitat was probably less fragmented in the past and 

minor differences in habitus might be caused by genetic drift within currently small 

populations, which is part of the ongoing speciation process and makes the 

delineation of species very difficult.

The majority of species within this genus forms a monophyletic group, which is very 

well supported by molecular characters and apomorphies of male genital structures 

(the shape of the fused uncus lobes in particular), the apterous females and the 

particular arrangement of short spines in caterpillars (dense "cushions", which differ 

in extent, orientation and hair structure from character H.( 1)). These apomorphies are 

in stark contrast to the conditions in Ptero/ocera isogama and an undescribed sibling 

species, which have very different male genital structures (of a type shared by 

members of several genera, e.g., Darala ostra and Newmania c/ementi, and probably 

representing the plesiomorphic condition for these genera). Further, their caterpillars 

seem to lack hair cushions and the females are fully winged. Probably, these species 

had originally been placed into the genus Ptero/ocera because of the habitus of the 

males, which have very prominent antennae with long rami and almost semi

transparent wings with strongly protruding veins (not all species). However, the latter 

condition is also typical of many anthelid females of other genera (e.g., 

Pseudodreata aroa, N. c/ementi and "Gen. nov. 3" pudicd). The length of male 

antennal rami is linked to the search for pheromone releasing females, and similarly 

prominent antennae have evolved numerous times in some taxa of different 

lepidopteran families in Australia (e.g., Cossidae and Notodontidae) as well as in 

some other Anthelidae (e.g., "Gen. nov. 3" pudica; not obvious in dried collection 

specimens). The unique cocoon is, in my opinion, the only convincing apomorphy of 

this genus (no specimens of P. isogama were available for molecular studies), but the 

occurrence of such a cocoon in P. isogama is so far only known from a publication
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by McGauran (1951). While she gave detailed descriptions of the cocoon and made a 

drawing of the adults, of which the male specimen resembles a typical Ptero/ocera 

spp., the specimens sent to the ANIC for identification were not the ones bred. This 

introduces some uncertainty to the identity of the species she bred, but her hand 

drawings clearly indicate that she did breed a Ptero/ocera species with fully winged 

females and the cocoon typical of the genus.

The genus occurs predominantly in the southern half of Australia, ranging from 

southern WA through SA, VIC, TAS and NSW to about the border of NSW and 

QLD; I am not aware of records from the dry interior. Caterpillars can be abundant 

and are more frequently encountered than the adults, which have a rather short flight 

period, often triggered by a drop in temperature and/or the onset of rains in autumn.

-  489 -



VII.3.1) Generic classification of Anthelidae

Fig. 413: Pterolocera sp. near amplicornis W alker, 1855, S  (NSW, 3kin EbyS Cooma) -  P. 
amplicornis is the type species of Pterolocera W alker, 1855 [scale bar = 1cm].

Fig. 414: Pterolocera sp. near amplicornis W alker, 1855, $ (NSW, 3km EbyS Cooma) -  P. 
amplicornis is the type species of Pterolocera W alker, 1855 [scale bar = 1cm],
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•  Darala Walker, 1855, stat. rev.

Type species: Darala oce/lata W alker, 1855 (Figs 415, 416).

Autapomorphies: (1) Apex of phallus curved dorsad. (2) Extreme reduction or loss of 

valva apodeme lobe, which occurs in combination with a seemingly unique slight 

ventro-anteriad angling of the valva apodeme apex.

Notes: The genus includes only six currently recognized species, of which D. 

oce/lata is likely to form a small complex of sibling species. Unlike other members 

of this genus, this species group seems to be rather variable in colouration and wing 

pattern, as well as colouration of the caterpillars. Further, the male genital structures 

are relatively simple, which adds to the difficulties of a sound taxonomic revision of 

this potential species complex. The use of molecular characters as an additional tool 

is an obvious choice for this group. In addition to these cryptic species, a small, 

brownish species from the Alice Springs area (NT; housed in the ANIC) should be 

included in Darala.

The monophyly of this genus is well supported by the above autapomorphies and 

strongly supported by the analyses of molecular characters. However, some of the 

critical taxa were not available for sequencing, e.g., D. ostra and the undescribed 

species from the Alice Springs area. Only the caterpillars of D. oce/lata, D. cnecias 

and D. oressarcha are known. All of them have not only a pair of white hair brushes 

on A1 only, but on every other abdominal segment, too, which is a synapomorphy of 

this group and potentially of all members of the genus.

The genus is widespread in Australia. The species group around D. oce/lata occurs 

from QLD through NSW, VIC, TAS, SA to WA, but not in the dry interior. The 

obviously closely related species D. cnecias and D. oressarcha occur on the higher 

mountains and parts of the Tablelands of south-eastern NSW and in Tasmania. In 

contrast, D. ostra (flood plains SE of Darwin) and the undescribed species from the 

Alice Springs area are only known from a few specimens and locations in the NT.
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Fig. 415: Darala ocellata W alker, 1855, $  (NSW, Wollongong) -  type species of Darala W alker, 
1855 [scale bar = 1cm],

Fig. 416: Darala ocellata W alker, 1855, $ (NSW, Caparra) -  type species of Darala W alker, 1855 
[scale bar = 1cm],
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•  Newmania Sw inhoe, 1892, stat. rev.

Type species: Team guenei N ewman, 1856 (Figs 417, 418).

Autapomorphies: (1) Specialized setae with barbs restricted to the apex [caterpillar]. 

Notes: The genus comprises nine recognized species and an undescribed species 

similar to N. he/iopa. Most of these species are superficially quite different, e.g., N. 

rubescens is plain red, N. ca/Ii/euca plain white with two black rings and N. guenei 

dark brown with two large white spots. The monophyly of the genus is only 

moderately supported by the above autapomorphy, but well supported by molecular 

characters (EFla; not all members of the genus were available). Within the genus two 

encaptic monophyla that include the seemingly different taxa are well supported by 

other synapomorphies as well as molecular characters. In contrast, the inclusion of N. 

exoleta and N. he/iopa in Newmania should be considered tentative as the caterpillars 

of these two species are unknown. However, their male genital structures match the 

other taxa in details of the shape of the valva apodeme lobe, and I know of no 

structural details that would argue against their inclusion in Newmania.

With the exception of N. guenei, the genus occurs in very dry areas of all Australian 

states other than TAS. In contrast, N. guenei is restricted to the East coast and coastal 

slopes of the Tablelands of NSW and southern QLD; a single female specimen from 

south-eastern SA is present in the South Australian Museum.
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Fig. 417: Teara guenei N ewman, 1856, o (NSW, CS1R0 Exp. Farm Wilton) -  type species of 
Newmania S winhoe, 1892 [scale bar = 1cm].

Fig. 418: Teara guenei N ewman, 1856, $ (NSW, CS1RO Exp. Farm Wilton) -  type species of 
Newmania S winhoe, 1892 [scale bar = 1cm],
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•  Omphaliodes Felder, 1874

Type species: Omphaliodes nana Felder, 1874, which is a subjective junior synonym 

of Trichiura obscura W alker, 1855 (Fig. 419).

Autapomorphies: (1) Conical valva apodeme lobe shifted distally on valva. (2) Uncus 

lobes widely separated and reduced to two slender, pointed prongs. (3) Fore wing 

with Rs2 and Rs3 not touching ("opening" of the areole).

Notes: This currently monotypic genus actually consists of a small complex of 

sibling species with at least two undescribed species in WA, which can be 

distinguished by differences in the shape of the valva apodeme lobe and possibly 

wing pattern in one case (variations in pattern and colouration exist within the 

species). EFla sequences of 658bp length differed in 32bp (4.9%) between two of 

these species (one from western NSW, the other from southern WA).

The relationships of this genus within the Anthelinae are uncertain. Its species have 

strongly reduced valvae and modified uncus lobes, obscuring many of the characters 

used for other taxa. Further, despite males coming frequently to light, the females are 

still unknown and possibly apterous. A single caterpillar has been reported by 

Jenkins (2005), but I have not seen any caterpillars so far.

The genus is widespread in dry and semi-arid areas of NT, QLD, NSW, VIC, SA and 
WA.

Fig. 419: Omphaliodes nana F elder, 1874 [= Omphaliodes obscura (W alker, 1855)], $  (SA, 50mi E 
Nullabor) -  type species of Omphaliodes F elder, 1874 [scale bar = 1cm],
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•  "Genus novum 3"

Proposed type species: Anthela neurospasta Turner, 1902 (Figs 420, 421). 

Autapomorphies: (1) Fused uncus lobes form a ventral blade.

Notes: The genus includes only six recognized species, but male genital preparations 

and details of antennal structures indicate that "Gen. nov. 3" phoenicias consists of a 

widespread complex of numerous cryptic species, as does -  to a lesser extent -  "Gen. 

nov. y'pudica.

The monophyly of the genus is moderately supported by the above autapomorphy, 

while a subordinate monophylum exclusive of "Gen. nov. 3" neurospasta and "Gen. 

nov. 3" achromata is very well supported by other apomorphies. Sequences of only 

two representatives were available, both being part of the well supported 

monophylum and always very strongly supported as sistergroup taxa.

The genus is widespread in dry and semi-arid areas of NT, QLD, NSW, VIC, SA and 

WA. Further, specimens of "Gen. nov. 3" neurospasta and an undescribed species in 

the complex of "Gen. nov. 3" phoenicias have been collected in coastal heath of 

Papua New Guinea (in CPMB). A single specimen of "Gen. nov. 3" achromata from 

south-western Papua New Guinea is present in the Brandt collection of the ANIC, 

too.
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Fig. 420: Anthela neurospasta T urner, 1902, S  (QLD, 8km W Dimbulah) -  proposed type species of 
"Genus novum 3" [scale bar = 1cm].

Fig. 421: Anthela neurospasta T urner, 1902, $ (N T, 22km WSW Borroloola) -  proposed type species 
of "Genus novum 3" [scale bar = 1cm],
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•  Nataxa W alker, 1855

Type species: Nataxa flavifascia W alker, 1855, a subjective junior synonym of 

Pernaflavescens W alker, 1855 (Figs 422, 423).

Autapomorphies: (1) Very long valva apodeme extends anteriad, and with it the 

valva apodeme lobe.

Notes: At present the genus Nataxa is very distinct and comprises only two 

recognized species. 1 propose to widen the genus to include numerous other species, 

which are superficially very different from these two species and which renders the 

genus externally indistinct. Obviously, this is not satisfactory. The reason for 

nevertheless doing so is that within a supported monophylum (the genus Nataxa 

[sensu lato]) some subordinate monophyla are more or less well supported (e.g., 

Nataxa [sensu stricto]), but their separation from Nataxa s./at. would either cause 

paraphyly of the remaining group, or require splitting of the group into numerous 

smaller monophyla, some of which would be difficult to support (see section VII.3). 

Instead, I chose the compromise of including all these taxa in a larger genus, for 

which the name Nataxa is available. This ensures the monophyly of the genus and 

allows subsequent splitting if additional apomorphies for all subordinate monophyla 

become available. The monophyly of such a larger group is not only supported by the 

above autapomorphy, but also very well supported by molecular characters.

The proposed extension of Nataxa results in the inclusion of the following species 

groups, some of which are difficult to define as monophyla. A group consisting of the 

species from N. asciscens to N. unisigna in Appendix B, as well as several 

undescribed species, particularly from WA. Most species are easily recognizable as 

members of this group by habitus, and the two members of this group included in 

analyses of molecular characters formed a well supported monophylum. However, I 

have found it difficult to define the group other than by external similarities. Within 

this group a monophylum is supported by an apomorphic type of cocoon (hanging 

and, due to some substance, smooth-walled), but separating this monophylum would 

probably render the remaining group paraphyletic. Species of this group occur in dry 

inland areas of QLD, NSW, VIC, SA, WA and NT.

N. tetraphrica and three undescribed species from WA form a second species group 

that is difficult to define other than by similar wing pattern and maybe the rather 

shallow valva apodeme lobe. They, too, inhabit dry areas of WA, SA, VIC, NSW and
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possibly QLD.

The remaining species, namely N. excellens and an undescribed sibling species, N. 

nicothoe, N. connexa, N. a/Iocota, N. flavescens and N. amblopis, form a 

morphologically very well supported monophylum (coecum and phallus twisted 

clockwise in anterior view, with muscles m5 crossing each other). This grouping is 

partly contradicted by molecular characters, which sometimes moderately to well 

support a grouping of N. excellens with the first species group (represented by N. 

stygiana) and a sistergroup relationship between N. nicothoe and N. flavescens. 

These species groups are externally as indistinct as the proposed concept of Nataxa 

s.lat.. Unlike the other species groups inhabiting dry areas, this group occurs along 

the East coast and the Tablelands of QLD, NSW and VIC, and in the case of N. 

nicothoe extends into TAS (possibly an undescribed sibling species).

Within this latter species group N. flavescens and N. amblopis (=Nataxa s.str.) form a 

very well supported monophylum. Synapomorphies of these species are the 

formation of two tubular spines on the vesica, the displacement of muscle m7, the 

unique loss of vein CuAl in the hind wing, the reduction of D2 in older caterpillar 

instars and the presence of a pair of anteriad orientated hair brushes on lateral 

protrusions of T1 in the caterpillar. However, maintaining a generic rank for this 

species group would require the description of all species groups as genera, including 

the placement of N. excellens in a monotypic genus.

- 4 9 9 -



VII.3.1) Generic classification of Anthelidae

Fig. 422: Nataxa flavifascia W alker, 1855 [= Nataxaflavescens ( W alker, 1855)], $  (ACT, 
Macquarie) -  proposed type species of Nataxa W alker, 1855 [scale bar = 1cm].

Fig. 423: Nataxa flavifascia W alker, 1855 [= Nataxa flavescens ( W alker, 1855)], $ (ACT, Cotter 
Dam) -  proposed type species of Nataxa W alker, 1855 [scale bar = 1cm].

-  500 -



VII.3.2) Subfamily classification of Anthelidae

VII.3.2) Subfamily classification of Anthelidae
The current separation of the Anthelidae into two subfamilies, Anthelinae and 

Munychryiinae, stems from the separation of the genera Munychiyia and Gephyroneura 

from the remaining Anthelidae by Common and McFarland (1970). Like Turner (1920a, 

1921b) they noted several peculiarities of these two genera, only some of which are 

apomorphies. The highly adapted caterpillar of Munychiyia was used in particular to 

justify the erection of a new subfamily, Munychryiinae Common & M cFarland, 1970, 

even though the caterpillar of the very similar monotypic genus Gephyroneura was only 

assumed to be the same. As a consequence, the monophyly of Munychryiinae is 

supported by a few apomorphies, while none have been proposed for the Anthelinae.

My Hennigian Argumentation as well as cladistic analysis of morphological 

characters support the monophyly of both subfamilies. Due to the addition of a 

previously unknown taxon ("Genus novum 1") to the Munychryiinae, the monophyly of 

this subfamily is less convincingly supported than it was for the superficially very 

similar genera Munychiyia and Gephyroneura alone. The proposed autapomorphies of 

this subfamily are now limited to the presence of a unique comutus (see character H.32 

(1); ad hoc assumed assumed to be lost in Gephyroneura), because the previously used 

extension of the sclerotization of the cross-fold in the radius sector (character H.49(l)) 

is absent in "Genus novum 1" as well as in Anthelinae. The caterpillars, when finally 

known, are likely to provide additional, excellent apomorphies of the Munychryiinae 

(see section VII.3.1: Munychryia). No specimens of "Genus novum 1" were available 

for sequencing, which is why the strong support provided by molecular characters is 

restricted to the monophyly of Munychryia + Gephyroneura.

Unlike the Munychryiinae, the monophyly of the Anthelinae is supported by a large 

number of autapomorphies (FI.1(1), H. 11(1), H.39(l), FI.44(1), H.58(l), H.61(1) and 

H.62(l)), of which the presence of minute vesicles on the integument is exceptionally 

convincing. Molecular characters strongly support the monophyly of the majority of 

Anthelinae, but fail to resolve the relationships between this monophylum, Che/epteiyx 

and Munychryiinae. Hence, molecular characters do not provide support for the 

monophyly of the Anthelinae, but they do not contradict it either. This lack of support is 

likely to be due to the failure to sequence CPS for Che/epteryx and Anthela. The 

obtained EFla sequences of Chelepteryx are very likely to be totally saturated in third 

codon positions at the level of divergence between Anthelinae and Munychryiinae,
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which is why the relationships could not be resolved with EFla sequences alone.

VII.3.3) Family classification of Anthelidae
Since the erection of the subfamily Anthelinae in the Lymantriidae by Turner (1904) 

and its subsequent elevation to family rank by Turner (1920a), the monophyly of this 

group of taxa has never been questioned in literature. This is probably due to Turner's 

definition of the group (1904) by the presence of unique modification in the fore wing 

radial sector, a "cross-bar" connecting Rs2 with Rsl. Minet (in Lemaire & Minet 

[1998]) subsequently proposed three additional autapomorphies for the family 

Anthelidae, but none of them are convincing (see section VII. 1).

The monophyly of Anthelidae is supported in all of my molecular and morphological 

analyses, as well as by Hennigian Argumentation. Apart from the "cross-fold" in the 

radial sector, which was originally proposed by Turner (1904) and remains the most 

convincing autapomorphy of the family, I propose three new autapomorphies of the 

family Anthelidae:

•  H.47(l): The formation of an areole by a sclerotization between, or the local touching 

of, Rs2 and Rs3 in the fore wing [not homologous with the condition present in some 

other Macrolepidoptera, e.g., some Noctuoidea].

•  H.57(l): The triangular, pale frontal area of the caterpillar head capsule.

•  H.67(l): The construction of a double-walled cocoon.
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VII.3.4) Superfamily classification of the bombycoid 

complex
While it is not the aim of this thesis to propose a phylogenetic hypothesis for the 

entire bombycoid complex, hypotheses have to be formed to investigate the placement 

of the family Anthelidae within the Macrolepidoptera. The inclusion of the Anthelidae 

within the bombycoid complex had initially been proposed by Common (1966). Despite 

attempts by Minet (1991, 1994, in Lemaire & Minet [1998]) to define this complex by 

autapomorphies, the monophyly of the bombycoid complex remained poorly supported 

(see section VII. 1). Hasenfuss (1999) was the first to propose a convincing 

autapomorphy for the complex, namely the presence of two layers of transverse 

microfibrils in the bending cuticle of the caterpillar proleg (H.66(l)). However, this 

condition remains to be checked in several families, including the critical Mimallonidae. 

Based on my studies 1 propose one additional autapomorphy of the bombycoid complex, 

namely the location of the fork in Rsl/Rs2 distally of the fork in Rs3/Rs4 in the fore 

wing (H.46(l)). Due to a modification in the radial sector of the fore wing, which 

approximates both forks, the inclusion of the Anthelidae within the bombycoid complex 

based on this apomorphy alone is not convincing. However, numerous other 

synapomorphies place the Anthelidae in monophyla with families that are clearly 

included in the bombycoid complex, thereby supporting the inclusion of the Anthelidae 

in the bombycoid complex.

Minet (1994) proposed a subdivision of the bombycoid complex into the monotypic 

Mimallonoidea, the Lasiocampoidea and the Bombycoidea. His concept of the 

Lasiocampoidea comprises the Anthelidae and the Lasiocampidae. As discussed in 

section VII. 1, this sistergroup relationship between Anthelidae and Lasiocampidae is not 

convincingly supported. Instead, my studies support a placement of the Anthelidae 

within the Bombycoidea sensu Minet 1994, probably as the sistergroup of the 

Eupterotidae+Brahmaeidae/Lemoniidae (see section IV. 1). By transferring the 

Anthelidae from the Lasiocampoidea to the Bombycoidea, the Lasiocampoidea become 

a monotypic superfamily within the bombycoid complex. Because monotypic taxa do 

not convey any phylogenetic information (even though they are often introduced to 

demonstrate the "remoteness" of a family from other families, e.g., Kuznetzov & 

Stekolnikov 1985, 2001) and in particular as the relationships between the three
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superfamilies are not resolved, I propose to eliminate the monotypic superfamilies 

Mimallonoidea and Lasiocampoidea. Instead, I propose re-establishing the concept of 

Brock (1971) and to refer to the bombycoid complex sensu Minet 1994 as a single 

superfamily, the Bombycoidea.

Further, my studies raise doubts about the monophyly of some bombycoid families, 

namely the Bombycidae, Brahmaeidae and Lemoniidae (see section IV. 1). However, my 

morphological studies did not focus on these groups and more detailed studies are 

needed before making any taxonomic changes! So far analyses of molecular characters 

indicate that the Apatelodinae are not a subfamily of the Bombycinae, as suggested by 

Minet (1994). Instead, they appear to be more closely related to the monophylum 

comprising Eupterotidae, Brahmaeidae and Lemoniidae, and their rank as a family 

might be restored. Further, analyses of molecular characters indicate the paraphyly of 

Brahmaeidae relative to Lemoniidae. While I did not study the phytogeny of these two 

families in detail, the unique wing pattern of Brahmaeidae alone argues against a 

transfer of Dactyloceras from the Brahmaeidae to the Lemoniidae. The alternative, to 

synonymize the Lemoniidae with the Brahmaeidae, seems to be advisable (also 

proposed by Oberprieler and Duke (1994) on different grounds). With the current 

attribution of family group name authorships, Brahmaeidae S winhoe, 1892 would be the 

senior synonym over Lemoniidae H ampson 1918. However, the current attribution of 

authorship to Lemoniidae is incorrect as noted in the footnote of section 1.3 and has to 

be resolved prior to determining the priority of the family group names Brahmaeidae or 

Lemoniidae.
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VII.4) Conclusion

The critical review of literature on Anthelidae (section 1.2) shows that our knowledge 

is rather limited and largely consists of poor species descriptions, limited morphological 

information and faunistic, medical, pest and host records. Most of this information 

suffers from unreliable species identifications or insufficient specificity to which taxa 

the studies are based on. Further, the critical review of literature on bombycoid 

phylogeny (section 1.3 and Appendix P) demonstrates that our current phylogenetic 

concepts are base on very poorly or unsupported hypotheses of homology.

My own comparative morphological examinations (sections III. 1-III.6) provide 

substantial, detailed new information for specified anthelid taxa (character matrix in 

Appendix N), in particular in the areas of antennal morphology, wing venation, male 

genital structures and their muscles, female reproductive organs and caterpillar mouth 

parts. Further, these sections (III. 1-III.6) include new information on principal structures 

and their modifications in the bombycoid complex.

The molecular data (electronic appendix on the enclosed CDROM) are the only 

sequence data of Anthelidae available to date. Similarly, the sequence data of 

Eupterotidae and Carthaeidae are the first for these families. These data include a 

fragment of the CPS domain of the CAD gene, for which no lepidopteran sequences are 

available on GenBank so far. The CPS domain has been proven to be highly informative 

for the reconstruction of higher phylogenies of Diptera by Moulton and Wiegman 

(2004). My study demonstrates the superiority of this gene over frequently used genes 

(EFla, COI & II, 28S, 18S and 12S) for lepidopteran phylogenies at the generic to 

family level in the bombycoid complex (sections V.1-V.3).

The development of phylogenetic hypotheses through Hennigian Argumentation, 

Maximum Parsimony, Maximum Likelihood and Bayesian Inference analyses (chapters 

III-VI) demonstrates the principle differences between these methods (see section II.4). 

Each of these methods has specific problems and limitations, which one has to be aware 

of for meaningful interpretation of the results (section VII. 1.1). Likewise, the different 

data sets suffer from specific problems, in particular saturation in the case of molecular 

data and the abundance of reduction/loss of structures amongst morphological data 

(section VII. 1.2). Nevertheless, the different methods of analysis of identical as well as 

different data sets (molecular and morphological characters) produce very similar
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results, with the exception of the placement of and relationship between Chenuala 

heliaspis and an undescribed antheline species (section VII. 1.3). All of the analyses 

failed to resolve relationships within Anthelinae completely, and the resulting large 

polytomy probably reflects rapid speciation. The summaries of all well supported nodes 

represent the first working hypothesis of anthelid phylogeny (section VII. 1.3.1) and an 

alternative hypothesis of bombycoid phylogeny (section VII. 1.3.2) to the proposal of 

Minet (1994).

Irrespective of polytomies and conflicting hypotheses, several monophyla are well 

supported and can be used for a revision of the current taxonomic classification of 

Anthelidae (section VII.3). The large genus Anthela, as perceived at present, is 

paraphyletic in respect to the currently recognized genera Chenuala, Pterolocera, 

Omphaliodes, Nataxa and Corticomis. Rather than to synonymize these genera with 

Anthela, I propose to split these genera into eleven monophyletic taxa (section VII.3.1), 

which brings the total number of proposed anthelid genera to fifteen. For most of these 

proposed genera names are already available (mainly subjective junior synonyms of 

Anthela), except for three unnamed genera (see Appendix B). Unfortunately, the 

proposed anthelid phylogeny is too poorly resolved to sensibly propose a tribal 

classification. In contrast, the monophyly of the two existing subfamilies Anthelinae and 

Munychryiinae is well supported (section VII.3.2), as is the monophyly of the family 

Anthelidae (VII.3.3). Further, the monophyly of the poorly defined bombycoid complex 

and the inclusion of the Anthelidae within it are supported by morphological characters 

(section VII.3.4). However, the proposed sistergroup relationship between

Lasiocampidae and Anthelidae and the inclusion of the latter in the Lasiocampoidea 

(Minet 1994, Lemaire & Minet [1999]) is falsified. Alternatively, the Anthelidae are 

proposed as the sistergroup of the Lemoniidae/Brahmaeidae+Eupterotidae, and 

consequently I argue for the abolishment of the term "bombycoid complex" and for the 

synonymy of Lasiocampoidea and Mimallonoidea with Bombycoidea (section VII.3.4).

All proposed phylogenies require testing by attempting to falsify them through 

addition of new, independent data (section VII.2). For such future data I propose to 

focus on the generation of additional molecular data (in particular the extension of CPS 

sequences and other genes), the inclusion of taxa currently unavailable for sequencing 

(specifically the endemic New Guinean genus Pseudodreata, as well as the Australian 

Pterolocera isogama and the undescribed munychryiine species from WA), a more
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VII.4) Conclusion

detailed study of the at present largely unknown pre-imaginal instars and comparative 

morphological studies of internal organs of imagines. Further, the study of the antheline 

caterpillar vesicles, in particular their fine structure and contents, seems a very 

interesting area with potential future technical application (extreme strength of the 

adhesion). If attempts to falsify the phylogenetic hypotheses presented in this 

dissertation will fail, the proposed phylogeny-dependent classification (Appendix B) 

could serve as a framework for urgently needed alpha-taxonomic revisions of the 

numerous species complexes.
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A P P E N D I X  A

S Y N O N Y M I C  SPECIES LIST

[Non-Australian taxa on cyan background.]

s p e c i e s s y n o n y m  a u t h o r  y e a r  o r ig .  c o m b .■ ■ n
MUNYCHRYTA Turner 1920 misspelled
MUNICHRYIA Turner 1921 misspelled

Munvchiyia senicula Walker 1865 Munychryia
nvssiata Felder &

Rogenhofe
r

1875 Hypochroma

Munychryia periclyta Common
&
McFarland

1970 Munychryia

I§§nH J | mmm
Gephyroneura cosmia Turner 1921 Gephyroneura

CHEN AG LA Common 1970 misspelled
Chenuala heliaspis Meyrick 1891 Ocneria

n<fa Swinhoe 1892 C h e n u a l a
expolitus Scott 1893 Chelepteryx unavailable

published
synonym

epicrypha Swinhoe 1905 Anthelamm ■IH55 yi i l
DICRE AGRA Felder 1874 type species: 

ochrocephala 
Felder, 1874

APROSCEPTA Turner 1944 type species: 
amblopis Tumer, 
1944

Nataxa flavescens Walker [Nov.]
1855

Perna

flavifascia Walker [Nov.] Nataxa 
1855

rubida Walker 1865 Nataxa
ochrocephala Felder 1874 Dicreagra

Nataxa amblopis Turner 1944 Aproscepta

G m ]

CHALEPTERYX Walker 
MEGETHNÄ Walker

misspelled
type species: 
collesi Gray, 
[1835]
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genus species syn on ym author year orig. com b . notes
FESTRA W a lle n g re

n
1858 ty p e  sp e c ie s :

affabricata  
W a lle n g re n

CHALEPTER1X K o ch 1872 m issp e lle d
C helepteiyx collesi G ray [1 8 3 5 ] C helep tenx

lap/acei F e is th a m e l 1839 Saturnia
affabricata W a lle n g re

n
1858 Festra

collesii K o c h 1872 m issp e lle d
Chelepteiyx cha/eptervx F e ld e r 1874 D ar ala

kochii K o c h 1872 Chalepterix  n o m e n  n u d u m  
[sic!]

cupreotincta T .P . L u cas 1892 D ar ala
ch e lep ten x L o w e r 1893 m issp e lle d
felderi T u rn e r 1904 Chelepteryx  re p la c e m e n t 

n am e

DARALA W a lk e r [A ug .] ty p e  sp e c ie s :
1855 ocellata  W a lk e r,

1855
OM M ATOPTER
A

H e rric h -
S c h ä ffe r

[D ec .] ty p e  sp e c ie s :
1855 tetrophthalma

H e rric h - 
S c h ä ffe r , 1856

BAEO D RO M U S H e rric h -
S c h ä ffe r

[1 8 5 8 ] u n a v a ila b le
p u b lish e d  
sy n o n y m

LARANDA F le rrich -
S c h ä ffe r

[1 8 5 8 ] u n a v a ila b le
p u b lish e d  
sy n o n y m

COLUSSA W a lk e r 1860 ty p e  sp e c ie s :
odenestaria  
W a lk e r, 1860

ARN1SSA W a lk e r 1869 ty p e  sp e c ie s :
sim plex  W a lk e r , 
1869

N E W  MANIA S w in h o e 1892 ty p e  sp e c ie s :
guenei N e w m a n , 
1856

EU LO PH O C AM
PE

S co tt 1893 u n a v a ila b le
p u b lish e d  
sy n o n y m
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genus species synonym author year orig. comb. notes

; I

- , s -- \  |  v ^

:

P SE V D O D R E A
TA

B ethune- 1904 
B aker

j \  r  
1

lllpgll||ljlllBBll

type species: 
str iga ta  
B ethune-B aker, 
1904.
R ep lacem en t 
nam e for 
C ycethra  B .-B ,,
1904 and  
subjective ju n io r  ] 
synonym  o f  
C olussa  W alker, j 
1860, a
sub jective ju n io r  
synonym  o f  
A n th e la  W alker, 
1855.

1

C YC E TH R A

,•> v ; - -  ̂ -

B ethune-
B aker

%

]

''

1904 type species: 
a ro a  B ethune- 
B aker, 1904. 
Jo icey , N oakes 
and  T albot 
(1915; 379): 
ju n io r  synonym  
o f  C olussa  
W alker, 1860. 
F le tcher &  N ye 
(1982: 136): 
ju n io r  hom onym  
o f  C ycethra  Bell, 
1881
(E chinoderm a); 
estab lished  
P seudodrea ta  as 
rep lacem en t 
nam e (C. aroa  is 
congeneric  w ith 
P. str iga ta ).

CO LL USA Bethune-
B aker

1904 m isspelled

N E U M A N IA Sw inhoe 1922 m isspelled
O M M A TO P H O
RA

Sw inhoe 1922 m isspelled

O M M A LO P H O
RA

D alla
T orre

1927 m isspelled

A n th e la n ico thoe B oisduval 1832 B om byx
austra lasiae H errich-

Schäffer
[June
18551

L aelia

adusta W alker [Aug.]
1855

D ara la

euca lyp ti H errich-
Schäffer

[1858] D ara la unavailable
published
synonym

censors W alker 1865 D ara la
consors W alker 1866 D ara la em ended

A n th e la a lloco ta Turner 1921 A nth e la
A n th e la connexa W alker [Aug.]

1855
D ara la

fe i'v en s W alker [Aug.]
1855

D ara la
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genus species synonym au th or year orig . com b . notes
zonata F e ld e r 1874 D ar ala

Anthela rep 1 eta W a lk e r 1855 Dar ala
diophthalma H e rric h -

S c h ä ffe r
[1 8 5 6 ] Ommatoptera

repletana S tra n d 7 1 9 2 8 / Anthela  
29

An the la protocentra M e y ric k 1891 Darala
Anthela rubeola F e ld e r 1874 Darala

haemoptera L o w e r 1893 Darala
Anthela varia W a lk e r [A ug .] Darala  

1855
hamata W a lk e r [A ug.] Darala  

1855
hwnata T u rn e r 1921 m issp e lle d
odenestaria W a lk e r 1860 Colussa
pinguis W a lk e r 1865 D arala
amoena S co tt 1893 Eulophocam p  

e
u n a v a ila b le
p u b lish e d
sy n o n y m

Anthela canescens W a lk e r 1855 Darala
lat i f  er a W a lk e r 1862 Colussa
uvaria W a lk e r 1866 Colussa
tintinarra T e p p e r 1890 Opsirhina
scortea T .P . L u cas 1891 Darala
succinea T .P . L u c a s 1891 Darala
succinia S w in h o e 1905 m is sp e lle d
moretonensis S tran d 1925 Anthela

Anthela inornata W a lk e r 1855 Darala
complens S w in h o e 1892 Darala
carneotincta S w in h o e 1903 Anthela
crem data S w in h o e 1903 Anthela

Anthela xanthocera T u rn e r 1922 Anthela
Anthela deficiens W a lk e r 1865 D r eat a
Anthela excel lens W a lk e r [A ug .] Darala  

1855
Integra W a lk e r [A ug .] Darala  

1855
c an i ceps W a lk e r 1862 Dreata

Anthela astata T u rn e r 1926 Anthela
cinerascens G rü n b e rg 1914 Darala nec  (W a lk e r , 

1 8 5 5 ) (D arala )
Anthela cinerascens W a lk e r 1855 Darala

m fifascia W a lk e r 1865 Darala
cervinella S tra n d 7 1 9 2 8 / Anthela  

29
Anthela subfalcata W a lk e r [A ug .] Darala  

1855
ferruginea W a lk e r [A ug .] Darala  

1855
myrti H e rric h -

S c h ä ffe r
[1 8 5 8 ] D arala u n a v a ila b le

p u b lish e d
sy n o n y m

phaeozona T  u rn e r 1926 Anthela
Anthela acuta W a lk e r [A ug .] Darala  

1855
excisa W a lk e r [A ug .] Darala  

1855
conspersa W a lk e r [A ug .] Darala  

1855
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genus species synonym author year orig. com b . notes
s im p le x W alk e r [A ug .]

1855
D a ra la

p la n a W a lk e r [A u g .]
1855

D a ra la

q u a d r ip la g a W a lk e r 1862 D a ra la
p o te n ta r ia W a lk e r 1863 E n n o m o s
d e lin e a ta W a lk e r 1865 D a ra la

A n  th e  I a v ire sc e n s T u rn e r 1939 A n th e la
A n th e la a d d ita W a lk e r 1865 D a ra la

s im p le x W a lk e r 1869 A m is s  a n e c  (W a lk e r , 
1855) (D a r a la )

v in o sa R o se n s to c
k

1885 C o lu ssa

v e n o sa K irb y 1892 m issp e lle d
p y r rh ic a T u rn e r 1921 A n th e la

A n th e la p y r r h o b a p h e s T u rn e r 1926 A n th e la
A n th e la fe r r u g in o s a W a lk e r [A ug .]

1855
A n th e la

p a rv a W a lk e r [A ug .]
1855

D a ra la

m in u ta S w in h o e 1892 D a ra la
w a lk e r i S tran d 1925 A n th e la
g u tti fa sc ia S tran d 1925 A n th e la

A n th e la p h a e o d e s m a T u rn e r 1921 A n th e la
in te rm ed ia H u ls tae rt 1924 A n th e la
p h a e d e sm a B ry k 1934 m issp e lle d

A n th e la h e lio p a L o w e r 1902 D a ra la
p r io n o d e s T u rn e r 1932 A n th e la

A n th e la lim o n e a B u tle r 1874 D a ra la
A n th e la p o s tic a W alk e r 1855 D a ra la

c a llic e s ta T u rn e r 1924 A n th e la
A n th e la c a llix a n th a L o w e r 1902 D a ra la

fla v a la S w in h o e 1903 A n th e la
A n th e la d e c o lo r T u rn e r 1939 A n th e la
A n th e la b a rn a rd i T u rn e r 1922 A n th e la
A n th e la a sc is c e n s T .P . L u cas 1891 D a ra la

tr ito n e a S w in h o e 1903 A n th e la
A n th e la s ty g ia n a B u tle r 1882 D a ra la

m a g n ific a T .P . L u cas 1891 D a ra la
A n th e la a r ip r e p e s T u rn e r 1921 A n th e la
A n th e la x a n th a r c h a M e y ric k 1891 D a ra la
A n th e la u n is ig n a S w in h o e 1903 A n th e la
A n th e la te tra p h r ic a T u rn e r 1921 A n th e la

te tra p h ic a H u ls ta e rt 1928 m issp e lle d
A n th e la o c  e l  la ta W a lk e r 1855 D a ra la

te tro p h th a lm a H errich -
S ch ä ffe r

1856 O m m a to p te ra

sv m p h o n a T u rn e r 1904 A n th e la
n ig r is tig m a F aw ce tt 1917 A n th e la
d a m a S tran d 7 1 9 2 8 /

29
A n th e la

A n th e la o c h r o p te ra L o w e r 1892 D a ra la
p s a m m o c h r o a L o w e r 1908 C o lu ssa

A n th e la h a b ro p ti la T u rn e r 1921 A n th e la
A n th e la c n e c ia s T u rn e r 1921 A n th e la

ta sm a n ie n s is S tran d 7 1 9 2 8 /
29

A n th e la

A n th e la o re s sa rc h a T u rn e r 1921 A n th e la
A n th e la d e n tic u la ta N ew m an 1856 T ea ra
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genus species synonym au th or year orig . com b . notes
Ant hela basigera W alker 1865 Darala

undulata F elder 1874 D arala
An the la euryphrica T urner 1936 Anthela
An the la ostra Sw inhoe 1903 Anthela

chiysocrossa T urner 1915 Anthela —
An the la hyperythra T urner 1921 Anthela
Anthela achromata T urner 1904 Anthela
Anthela guenei N ew m an 1856 Tear a

gueneei T illyard 1926 m isspelled
Anthela exoleta Sw inhoe 1892 Aroa

figlina Sw inhoe 1902 D arala
glauerti T urner 1939 Anthela

Anthela reltoni T.P. L ucas 1895 D arala
pyromacula L ow er 1905 Anthela

Anthela callileuca T urner 1922 Anthela
Anthela callispila L ow er 1905 Anthela
Anthela asterias M eyrick 1891 Darala

uniformis Sw inhoe 1892 Darala
niphomacula L ow er 1905 Anthela

Anthela phoenicias T urner 1902 Anthela
asp ilota T urner 1902 Anthela

Anthela adriana Sw inhoe 1902 Darala
Anthela rubicunda Sw inhoe 1902 Darala
Anthela pudica Sw inhoe 1902 Darala
Anthela nenrospasta T urner 1902 Anthela

ochroneura T urner 1915 Anthela
linopep/a T urner 1921 Anthela

Anthela clementi Sw inhoe 1902 Darala
clementsi L ow er 1916 m isspelled

Anthela strigata

inconstans

B ethune-
B aker
Jo icey ,
N oakes & 
T albo t

1904 Pseudodreata

1915 Colussa
■

: .
...............................................

d escrib ed  as 
"subsp. nov ." o f  
strigata  B .-B ., 
1904

Anthela aroa B ethune-
B aker

1904 Cycethra

angiana Jo icey ,
N oakes &  
T albo t

1915 Colussa  d escrib ed  as
"subsp . nov ." o f  
aroa  B .-B ., 1904

Anthela charon B ethune-
B aker

1908 Anthela

Anthela kebea Strand 71928 / Anthela  d escrib ed  as "n.
29  ab ," o f  charon

B .-B ., 1908
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genus species synonym author year orig. com b. notes
A n t h e ia eke ike i

;

I

i - x ■$.
liyiiligiiiiigiiii
j . ' /: MflNMP

B ethune-
B aker

l l i i i l l l !

1904 A nthe la

: :  ;

B .-B . (1904) 
a c c id e n ta lly  
d escribed  A. 
eke ike i  tw ice in ; 
the sam e paper. ' 
H e subsequen tly  
co rrec ted  his 
m istake (B .-B ., 
1906: 13): 
C ollusa[sic\]  
eke ike i  B .-B .,
1904 is an  
o b jec tive  
synonym  o f  
A n th e la  ekeikei 
B .-B ., 1904. T he 
illustration  but 
no t the label da ta  I 
(“E keikei, B .C . 
N ew  G uinea,
1500 ft., M arch- 
A pril, 1903, A. : 
E. Pratt. C o ll.” ) ; 
in the o rig inal 
descrip tion  
m atch  the 
specim en in the 
N H M  London.

A n th e la eke ike i B ethune-
B aker

1904 C ollusa  [sic!] [see A n th e la  
eke ike i  B .-B ., 
1904]

A n th e la p u p illife ra Strand

i i
71928/
29

A n th e la describ ed  as 
"form , nov ." o f  
eke ike i  B .-B ., 
1904

A n th e la m ed iana Strand 71928/
29

A n th e la d escribed  as 
"form , nov." o f  : 
eke ike i  B .-B ., 
1904

A n th e la o bso le tip ic ta Strand

! ...........

71928/
29

A n th e la describ ed  as 
"form , nov." o f  ; 
eke ike i  B .-B ., 
1904

A n th e la in term ed ia \ H ulstaert 1924 A n thela
A n th e la b n m n e ilin e a i H ulstaert 1924 A n th e la ;
A n th e la Ju lia H ulstaert 1924 A n th e la
A n th e la p r im a W alker 1866 D a ra la
A n th e la o d o n to g ra m m

a ta |
Jo icey & 
Talbot

1917 C olussa I

A n th e la la e ta G ründers 1914 D ara la •

A n th e la roberi Niepelt 1934 A n th e la

A P R O SIT A Turner 1914 type species: 
u lo thrix  T urner, 
1914

O m p h a lio d es obscura W alker 1855 Trichiura
nana Felder 1874 O m phaliodes
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genus species synonym
ulothrix
nuna

author year orig^comtL notes
Turner j 1914 Aprosita
Swinhoe 1922 misspelled

Pterolocera isogama Turner 1931 Pterolocera
Pterolocera el habet ha White 1841 Odonestis

elisabetha Strand 71928/ misspelled
29

Pterolocera rabescens Walker 1865 Dar ala
Pterolocera leucocera T urner 1921 An the la
Pterolocera amplicornis Walker 1855 Pterolocera
Pterolocera ferruginea Strand 1925 Pterolocera
Pterolocera ferrugineofusc

a
Strand 1925 Pterolocera

similis Swinhoe 1922 Pterolocera unavailable 
published 
synonym

similis Hulstaert 1928 Pterolocera infrasubspecific
similis Bryk 1934 Pterolocera unavailable 

published 
synonym

Pterolocera in sign is Herrich-
Schäffer

[1856] Ptilophora

con-ncom

Corticomis eupterotioides van Eecke 4924 Corticomis
Corticomis marmorea van Eecke \ 1924 Corticomis
UNPLACED
unplaced directa Walker 1862 Colussa
unplaced linearis T.P. Lucas 1891 Dar ala
unplaced mbriscripta T.P. Lucas 1891 Darala

rubroscripta Swinhoe 1922 misspelled
robroscripta Bryk 1934 misspelled

unplaced macrota Lower 1892 Darala nomen nudum
unplaced maculosa T.P. Lucas 1898 Darala
unplaced trisecta T.P. Lucas 1898 Darala
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A P P E N D I X  B

REVI SED S Y N O N Y M I C  SPECIES LIST

[Revised/proposed genera on green background.] 

[Non-Australian taxa on cyan background.]

genus
M UNYCHRYIA

species

i i i l i l i l i i l l

svnonvm  * *

MUNYCHRYTA

au th or
W a lk e r

T u r n e r

vear
1 8 6 5

1 9 2 0

orig . com b.

l l l l i
llliiilllllllllllll

notes
ty p e  s p e c ie s :  M. 
senicula  W a lk e r ,  
1 8 6 5
m is s p e l le d

MUNICHRYIA T u r n e r 1921 m is s p e l le d

M unychiyia senicula W a lk e r 1 8 6 5 M unychiyia
nyssiata R . F e ld e r  

&

R o g e n h o f e
r

1 8 7 5 Hypochroma

M unychiyia periclyta C o m m o n

&
M c F a r la n d

1 9 7 0 M unychiyia

G EPH YRO N EU  i 
RA

.

Ililill

T u r n e r 1 9 2 0

t M " SI 11
ty p e  s p e c ie s ;  G. 
cosm ia  T  u rn e r ,  

1921
Gephvroneura cosmia T u r n e r 1921 Gephvroneura
" G E N U S  
N O V U M  t " 111111

iiiiiii
H I ■111

w m m m

m m a m m

p r o p o s e d  ty p e  
s p e c ie s
'‘M u n y c h r y im a e  
n .  s p ."

" G e n u s  n o v u m  1" n . sp . R e fe r r e d  to  as  
" M u n y c h ry i in a e  
n . s p ."  in  th e  
te x t .

CHELEPTER > V pip ip Jl^ li!
i —

G ra y

ÜÜSÄiP

I'« 3 5 ] t y p e  s p e c k s :  C  
collesi G ra y ,

r H951. m
CHALEPTERYX W a lk e r 1 8 5 5 m is s p e l le d

MEGETHNA W a lk e r 1 8 5 5 ty p e  s p e c ie s :  C. 
collesi G ra y , 
[1 8 3 5 ]

FESTRA W a lle n g r e
n

1 8 5 8 ty p e  s p e c ie s :  F. 
affabricata  
W a lle n g re n ,  

1 8 5 8
CHALEPTER1X K o c h 1 8 7 2 m is s p e l le d

C helepteiyx collesi G ra y [1 8 3 5 ] Chelepteryx
laplacei F e is th a m e l 1 8 3 9 Saturnia
affabricata W a lle n g r e

n
1 8 5 8

______
Festra

collesii K o c h 1 8 7 2 m is s p e l le d

Chelepteryx chalepteryx R . F e ld e r 1 8 7 4 Darala
kochii K o c h 1 8 7 2 Chalepterix

[sic]
n o m e n  n u d u m

cupreotincta T .P . L u c a s 1 8 9 2 D arala
chelepteryx L o w e r 1 8 9 3 m is s p e l le d
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genus species syn on ym a u th or  year orig . com b. notes
felderi Turner 1904 Chelepteryx replacement

name
ANTHELA

l Ä l i l l l l l l l ! ill
Walker [Aug.]

1855
type species: A. 
ferntginosa 
Walker, 185$ !

ARNISSA Walker 1869 type species: A.
simplex Walker, 
1869

BAEODROMUS Herrich- [1858] unavailable
Schäffer published

synonym
LARANDA Herrich- [1858] unavailable

Schäffer published
synonym

EULOPHOCAM Scott 1893 unavailable
PE published

synonym
Anthela virescens Turner 1939 Anthela
Anthela addita Walker 1865 Darala

simplex Walker 1869 Arnissa nec (Walker,
1855) {Darala)

vinosa Rosenstoc 1885 Colussa 
k

venosa Kirby 1892
pyrrhica T urner 1921 Anthela

Anthela pyrrhobaphes Turner 1926 Anthela
Anthela ferruginosa Walker [Aug.] Anthela

1855
par\>a Walker [Aug.] Darala

1855
minuta Swinhoe 1892 Darala
walkeri Strand 1925 Anthela
guttifascia Strand 1925 Anthela

Anthela phaeodesma Turner 1921 Anthela
intermedia Hulstaert 1924 Anthela
phaedesma Bryk 1934 misspelled

COLUSSA

Colussa

COLLUSA

Stat rev.; type
species: C  
odenestaria 
Walker, I860 ... j 
misspelled

denticulata
Baker
Newman 1856 Teara

Colussa basigera Walker 1865 Darala
undulata R. Felder 1874 Darala

Colussa ewyphrica Turner 1936 Anthela
Colussa repleta

diophthalma
Walker
Herrich-
Schäffer

1855 Dar ala
[1856] Ommatoptera

Colussa

repletana

protocentra

Strand

Meyrick

71928/ Anthela 
29
1891 Dar ala

Colussa rubeola
haemoptera

R. Felder 
Lower

1874 D oral a 
1893 Darala

Colussa varia Walker [Aug.] Darala 
1855
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genus sp ecies synonym au th or year orig . com b. notes
hamata W a lk e r [A ug .]

1855
Darala

humata T u rn e r 1921 m issp e lle d

odenestaria W a lk e r 1860 Colussa
pinguis W a lk e r 1865 Darala
amoena S co tt 1893 Eulophocamp

e
u n a v a ila b le
p u b lish e d
sy n o n y m

Colussa canescens W a lk e r 1855 Darala
latifera W a lk e r 1862 Colussa
uvaria W a lk e r 1866 Colussa
tintinarra T e p p e r 1890 Opsirhina
scortea T .P . L u cas 1891 D arala
succinea T .P . L u cas 1891 Darala
succinia S w in h o e 1905 m issp e lle d

moretonensis S tran d 1925 Anthela
Colussa inornata W a lk e r 1855 D arala

complens S w in h o e 1892 Darala
carneotincta S w in h o e 1903 Anthela
crenulata S w in h o e 1903 Anthela

Colussa xanthocera T u rn e r 1922 Anthela
Colussa deficiens W a lk e r 1865 D reata
Colussa astata T u rn e r 1926 Anthela

cinerascens G rü n b e rg 1914 Darala n ec  (W a lk e r , 
1 855) (D arala)

Colussa cinerascens W a lk e r 1855 Darala
rufifascia W a lk e r 1865 Darala
cervinella S tran d 7 1 9 2 8 /

29
Anthela

Colussa subfalcata W a lk e r [A ug .]
1855

Darala

ferruginea W a lk e r [A u g .]
1855

D arala

myrti H e rric h -
S c h ä ffe r

[1 8 5 8 ] Darala u n a v a ila b le
p u b lish e d
sy n o n y m

phaeozona T u rn e r 1926 Anthela
Colussa acuta W a lk e r [A u g .]

1855
D arala

excisa W a lk e r [A ug .]
1855

Darala

conspersa W a lk e r [A ug .]
1855

Darala

simplex W a lk e r [A ug .]
1855

Darala

plana W a lk e r [A ug .]
1855

Darala

quadriplaga W a lk e r 1862 Darala
potentaria W a lk e r 1863 Ennomos
delineata W a lk e r 1865 Darala

Colussa limonea B u tle r 1874 Darala
Colussa postica W a lk e r 1855 Darala

callicesta T u rn e r 1924 Anthela
Colussa decolor T u rn e r 1939 Anthela
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genus species syn on ym au th or  year  orig . com b . notes
Cohissa callixantha L ow er 1902 Darala

flavala Sw inhoe 1903 Anthela
Colussa barnardi T urner 1922 Anthela
Colussa oharon B ethune-

B aker
1908 Anthela

kebea Strand 21928/
29

Anthela  described  as "n. j

ab." o f  charon 
B .-B ., 1908

Cohissa

l l l l i l l i i l l l B i i l l l ^ H l l l
l! !!!!llllil llli llll l^ ^ B l^

■ j p l .

l l l l l l l i l l l l l l l l l B l i

M i l i l B l i l l l i l l l l

mmmammmmmssm

! I I 1 P I I I I I * | | | |^ B I
l l l l l l l l g l ^ l

il$ il!iiiil? lllllllllll^ l® ^

L .......lttItI..........tIII1........... ItI1II

ekeikei

illlllHIli

| § |  ■ ■ ■

:

i B B i

l i | l l M l l i l l l | | | l

MB

B elhune-
B aker

1904

l l f g l

j||jjl
B I Im
w m

Anthela  B .-B . (1904)
a c c id e n ta lly  
described  A. 
ekeikei tw ice in 
the  sam e paper. ; 
H e subsequently  : 

co rrec ted  h is 
m istake (B .-B ., 
1906: 13): 
Collusa [sic!] 
ekeikei B .-B ., 
1904 is an 
ob jective 
synonym  o f  
Anthela ekeikei 
B .-B ., 1904. T he 
illustration  but 
no t the label data 
(“ Ekeikei, B .C . 
N ew  G uinea,
1500 ft., M arch- 
A pril, 1903, A.
E. Pratt. C o ll." ) 
in the orig inal 
descrip tion  
m atch the 
specim en in the 
N H M  London.

1

!

ekeikei B ethune-
B aker

1904
ilH lg lg fg

1 1 1 ! ! ! !

Collusa [sic] [see Anthela
ekeikei B .-B ., 
1904]

;
; ... . . .

pupillifera Strand ? 1928/ Anthela  described  as
29 "form , nov." o f

ekeikei B.-B.. 
1904

mediana Strand 21928 / Anthela  described  as
29 "form , nov ."  o f

ekeikei B.-B.. 
1904

obsoletipicta Strand 21928 / Anthela  described  as
2 9  "form , n o v .” o f  !

ekeikei B.-B., 
1904

Cohissa
U ---------------------------------------

Colussa
intermedia H ulstaert 1924 Anthela
bnmneilinea H ulstaert 1924 | Anthela

Cohissa julia H ulstaert 1924 Anthela
Colussa prima W alker 1866 Darala
Cohissa odontogramm

ata
Jo icey  &  
T albo t

1917 Cohissa

Colussa laeta G rünberg 1914 Darala
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genus species synonym au th or year orig. com b. notes
C o lu s s a r o b e r i N ie p e lt 1934 A n th e la

P S E U D O D R E A T B e th u n e - 1904 s t a t .  r e v .;  ty p e
A

■ /- - 1

B a k e r sp ec ie s : P . 
s tr ig a ta  
B e th u n e -B a k e r , 
1 9 04 .
R e p la c e m e n t 
n a m e  fo r 
C y c e th ra  B .-B ., 
1 9 0 4  an d

liliBgilllllMlSilMMl

su b je c tiv e  ju n io r  
sy n o n y m  o f  
C o lu ssa  W a lk e r, 
1 8 6 0 , a
su b je c tiv e  ju n io r  
sy n o n y m  o f  
A n th e la  W a lk e r,
1855.

C Y C E T H R A B e th u n e -
B a k e r

1904 ty p e  sp e c ie s : C. 
a ro a  B e th u n e -

d p i l l i l l l l l l i l l

ill! jjB a k e r , 1904. 
Jo ic e y , N o ak e s  
a n d  T a lb o t

IM P H M M M H I ■'

( 1 9 1 5 :3 7 9 ) :  
ju n io r  sy n o n y m  
o f  C o lu ssa(M W a lk e r, 1860. 
F le tc h e r  &  N y e 
(1 9 8 2 : 136): 
ju n io r  h o m o n y m  
o f  C v c e th ra  
B e ll, 1881 
(E c h in o d e rm a ); 
e s ta b lish e d

■ ■ « l i i i i i i i i i ! P s e u d o d r e a ta  as

y■■■ . -x

IHBI
re p la c e m e n t 
n a m e  (C . a ro a  is 
c o n g e n e ric  w ith  
P . s tr ig a ta ) .

C O R T IC O M IS v a n  E ec k e 1924 n . s y n .;  ty p e

WMI ( §  | | | N p WmMMMmmMrnm
sp ec ie s : C. 
e u p te ro tio id e s  
v a n  E ec k e , 1924

P s e u d o d r e a ta s tr ig a ta B efh u n e -
B a k e r

1904 P s e u d o d r e a ta

'm eans ta n s jo ic e y ,
N o a k e s  & 
T a lb o t

1915 C o lu ssa d e s c r ib e d  as  
"su b sp . n o w "  o f  
s tr ig a ta  B .-B ., 
1904

P s e u d o d r e a ta a ro a B e th u n e -
B a k e r

1904 \C v c e th ra
] r

j .
a n g ia n a Jo ic e y ,

N o a k e s  &  
T a lb o t

1915 C o lu ssa d e s c r ib e d  as 
"su b sp . n o v ."  o f  
a r o a  B .-B ., 1904

|

P s e u d o d r e a ta e u p te ro tio id e s v an  E eck e 1924 C o r tic o m is

P s e u d o d r e a ta ifn a rm o rea v an  E eck e 1924 C o r tic o m is
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genus sp ecies svn on ym au th or year orig . com b . notes
"G E N U S  
N O V U M  2"

■111- - § II p ro p o s e d  ty p e  
sp e c ie s
"A n th e lin a e  n . 
s p .”

"G e n u s  n o v u m  2" n. sp. R e fe rre d  to  as 
"A n th e lin a e  n. 
sp ."  in the  text.

CHENUALA ■ ■ ■ ■ ■  
i < &&■ '.  ä

S w in h o e 1892

l l l i l l lB l i l l l l tS l lS I l i l i a S i

ty p e  sp e c ie s : C. 
rufa  S w in h o e , 
1892

CHEN AULA C o m m o n  1970 m issp e lle d

Chennai a heliaspis M e y ric k  1891 Ocneria
rufa S w in h o e  1892 Chenuala
expolitus S c o tt 1893 Chelepteryx u n a v a ila b le

p u b lish e d
sy n o n y m

epicrypha S w in h o e  1905 Anthela
PTEROLOCERA W a lk e r  1855 j ty p e  sp e c ie s : P.

amplicornis 
W alk e r, 1855

Ptero/ocera isogama T u rn e r  1931 Pterolocera
Pterolocera elizabetha W h ite  1841 Odonestis

elisabetha S tra n d  7 1 9 2 8 / m issp e lle d
29

Pterolocera rubescens W a lk e r  1865 Darala
Pterolocera leucocera T u rn e r  1921 Anthela
Pterolocera amplicornis W a lk e r  1855 Pterolocera
Pterolocera ferm ginea S tra n d  1925 Pterolocera
Pterolocera ferrugineofusc

a
S tra n d  1925 Pterolocera

sim ilis S w in h o e  1922 Pterolocera u n a v a ila b le
p u b lish e d
sy n o n y m

similis H u ls ta e r t 1928 Pterolocera in fra su b sp e c if ic

similis B ry k  1934 Pterolocera u n a v a ila b le
p u b lish e d
sy n o n y m

Pterolocera insignis H e rric h -
S c h ä ffe r

[1 8 5 6 ] Ptilophora

DARALA

i i lB l l l l i l l l l l l l

W a lk e r [A u g .]
1855

s t a t ,  rev.; type j 
sp ec ie s : D. 
ocellata  W a lk e r,
1855

OMMA TO PTER  
A

H e rric h -
S c h ä ffe r

[D ec.]
1855

ty p e  sp ec ie s : 0. 
tetrophthalma  
H e rric h - 
S ch äffe r, 1856

OM M ATOPHO
RA

S w in h o e 1923 m issp e lle d

R.4
D a lla
T o rre

1927 m issp e lle d

Darala ocellata W a lk e r 1855 Darala
tetrophthalma H e rric h -

S c h ä ffe r
1856 Omm at op ter a

sym phona T u rn e r 1904 Anthela
nigristigma F a w c e tt 1917 A n the la
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gen u s species synonym  author year orig. com b . notes
dama  S tran d 7 1 9 2 8 /

29
Anthela

Darala ochroptera L o w e r 1892 Darala
psam m ochroa  L o w e r 1908 Coins sa

D arala habroptila T u rn e r 1921 Anthela
D arala cnecias T u rn e r 1921 Anthela

tasmaniensis S tran d 7 1 9 2 8 / A nthela  
29

D arala oressarcha T  u rn e r 1921 Anthela
D arala ostra S w in h o e 1903 Anthela

chysocrossa  T  u rn e r 1915 Anthela
N EW  MANIA

1 "Iflll llilllllllllllll

S w in h o e  ;1892

: :

1 8 5 6
N E D  MANIA  S w in h o e 1922 m issp e lle d

Newm an i a guenei N e w m an 1856 Tear a
gueneei T illy a rd 1926 m issp e lle d

Newm ania callispila L o w e r 1905 Anthela
Newm ania asterias M e y ric k 1891 Darala

uniformis S w in h o e 1892 Darala
niphomacula L o w e r 1905 Anthela

Newm ania callileuca T u rn e r 1922 Anthela
Newm ania rubicunda S w in h o e 1902 Darala
Newm ania reltoni T .P . L u cas 1895 Darala

pyrom acula L o w e r 1905 Anthela
Newm ania clementi S w in h o e 1902 Darala

clementsi L o w e r 1916 m is sp e lle d

Newm ania exoleta S w in h o e 1892 Aroa O n ly  te n ta tiv e ly  
p la c e d  in to  
Newm ania -  
c a te rp il la rs  are  
u n k n o w n , b u t 
m a le  g en ita l 
s tru c tu re s  m a tch  
th is  g en u s , 
e x c e p t fo r  
d e e p ly  d iv id ed  
u n c u s  lo b es , 
w h ic h  a re  n o t 
d is ta l ly  to u c h in g  
(p o s s ib ly  p a r t o f  
a  tra n s fo rm a tio n  
se r ie s  le a d in g  
fro m  th e  
c o n d it io n  in N. 
clem enti /  
reltoni /  
callileuca  to  the 
o n e  o f  N. guenei 
/  callispila  /  
asterias  / 
rubicunda.

[figlina  S w in h o e 1902 Darala
glauerti T u rn e r 1939 Anthela
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genus species synonym
i Newman ia heliopa

prionodes

author year orig. comb. notes
Lower 1902 Darala As in N. exoleta 

(see above).
Turner 1932 Anthela

OMPHAUODES R. Felder 1874 type species: O. 
nan a Felder. 
1874

APROSITA T urner 1914 type species: A. 
ulothrix Turner, 
1914

Omphaliodes \ obscura
nana
ulothrix

Walker 
R. Felder 1874 
Turner

1855 Trichinra
Omphaliodes

1914 Aprosita
nuna Swinhoe 1922

"GENUS 
NOVUM 3”

misspelled 
proposed type 
species: A. 
newmpasta 
Turner, 1902

"Genus novum 3" nearospasta Turner 1902 Anthela
ochronenra
linopepla

T urner 1915 Anthela
Turner 1921 Anthela

"Genus novum 3" \achromata 
"'Genus novum 3" phoenicias

T urner 1904 Anthela

asp il ota
T urner
T urner

1902 Anthela
1902 Anthela

"Genus novum 3" adriana 
"Genus novum 3" pudica

Swinhoe 1902 
Swinhoe 1902

Darala
Darala

"Genus novum 3" hypery’thra 
NATAXA
ÄtfiiiiÄIllIlllÄ !Älil*il«§:
! ■ ■ ■ « ■ ■ ■  WiMiiiiMMi

Turner
' '  ̂ Walker

1921
1155

liiiiil

Anthela

iiiiilllil l l l l
type species:#. 

flavifascia 
Walker, 1855

DICREAGRA R. Felder 1874 type species: D. 
ochrocephala 
Felder, 1874

APROSCEPTA T urner 1944 type species: A. 
amblopis 
Turner, 1944

Nataxa avescens Walker [Nov.]
1855

Perna

flavifascia

rubida

Walker

Walker

[Nov.]
1855
1865

Nataxa

Nataxa
ochrocephala R. Felder 1874

Nataxa amblopis Turner 1944
Dicreagra
Aproscepta

Nataxa nicothoe
australasiae

adusta

eucalypti

censors

Boisduval 1832 
Flerrich- [June
Schaffer
Walker

—

Herrich-
Schäffer

Walker

1855]
[Aug.]
1855
[1858]

Bombyx
Laelia

Darala

Darala

1865 Darala

unavailable
published
synonym

consors Walker 1866 Darala emended

Nataxa allocota Turner 1921 Anthela
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genus species syn on ym  au th or year orig . com b . notes
Nataxa connexa W a lk e r [A ug .]

1855
Darala

fervens  W a lk e r [A ug .]
1855

D ar ala

zonata  R. F e ld e r 1874 Darala
Nataxa excellens W a lk e r [A ug .]

1855
Darala

Integra W a lk e r [A ug .]
1855

D arala

can i ceps W a lk e r 1862 Dreata
N ataxa asciscens T .P . L u cas 1891 Darala

tritonea  S w in h o e 1903 Anthela
N ataxa stygiana B u tle r 1882 D arala

magnifica  T .P . L u cas 1891 D arala
N ataxa ariprepes T u rn e r 1921 Anthela
N ataxa xantharcha M e y ric k 1891 Darala
N ataxa unisigna S w in h o e 1903 Anthela
N ataxa tetraphrica T u rn e r 1921 Anthela

tetraphica  H u ls ta e rt 1928 m issp e lle d

U N P L A C E D

u n p la c e d  directa W a lk e r 1862 Coinssa
u n p la c e d  linearis T .P . L u cas 1891 Darala
u n p la c e d  nibriscripta T .P . L u cas 1891 Darala

rubroscripta  S w in h o e 1922 m issp e lle d
robroscripta  B ry k 1934 m issp e lle d

u n p la c e d  macrota L o w e r 1892 D arala n o m e n  n u d u m

u n p la c e d  maculosa T .P . L u cas 1898 D arala
u n p la c e d  trisecta T .P . L u cas 1898 D arala
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A P P E N D I X  C

HO S T  R E C O R D S

C.l) A n THELID HOST RECORDS SORTED BY ANTHELID SPECIES

HOSTS -  an online-database of the hostplants of the world’s Lepidoptera by the 

Natural History Museum, London:

http://www.nhm.ac.uk/research-curation/projects/hostplants/

an th elid  sp ecies host p lant host p lan t sp ecies sou rce
fam ily

Anthela acuta A ste ra c e a e Hypochoeris radicata o w n  o b se rv a tio n  [f ie ld  o b se rv a tio n  
o f  tw o  sp e c im e n s ; c o m p le te d  life  
cy c le  o n  h o s t p lan t in c a p tiv ity ; 
h o s t p la n t sp e c ie s  n o t n a tiv e  to  
A u s tra lia ]

Anthela acuta A ste ra c e a e Olearia argophylla C o u p a r  &  C o u p a r  1992; 
H e rb iso n -E v a n s  &  C ro ss le y

Anthela acuta F a b a c e a e Vicia fa b a A N 1C  c a rd  [at T a re e  in S ep t., 
"N S W  Ins. P es t S u rv ey , 1953, p. 
18"]

Anthela acuta M im o sa c e a e Acacia  sp p . C o u p a r  &  C o u p a r  1992; 
H e rb iso n -E v a n s  &  C ro ss le y

Anthela acuta M im o sa c e a e Acacia baileyana o w n  o b s e rv a tio n  [b re d  in  c a p tiv ity ]
Anthela acuta M im o sa c e a e Acacia melanoxylon o w n  o b se rv a tio n  [b red  in  c a p tiv ity ]
Anthela acuta M y rta c e a e Eucalyptus robusta B e u te n m ü lle r  1891
Anthela acuta M y rta c e a e Eucalyptus  spp . (a n d  

less fre q u e n tly  m a n y  
o th e r  p la n ts )

I l lid g e  1913

Anthela acuta P o a c e a e Saccharum
officinarum

H O S T S

Anthela acuta P o a c e a e g ra sse s  (a n y  so f t sp .) H a in e s  1963
Anthela acuta P o a c e a e g ra sse s VJ R o b in so n  card ; 

H e rb is o n -E v a n s  &  C ro ss le y
Anthela acuta  (N T ) B a rr in g to n ia c e a

e
Planchonia careya S o u th c o tt 1987

Anthela acuta  
(Q L D , B ris b a n e )

A re c a c e a e p a lm  tree C h ew

Anthela acuta  
(T A S )

F a g a c e a e Fagus sylvatica H e rb is o n -E v a n s  &  C ro ss le y

Anthela acuta  
(T A S )

F a g a c e a e Quercus robur H e rb is o n -E v a n s  &  C ro ss le y

Anthela acuta  (? ) P ro te a c e a e Hakea sericea M o o re  1964
Anthela addita M im o sa c e a e Acacia dealbata B a sh fo rd  1997
Anthela addita P o a c e a e g ra sse s  (so ft, 

in tro d u c e d  sp e c ie s )
o w n  o b se rv a tio n  [b red  in  c a p tiv ity ]

Anthela asciscens M im o sa c e a e Acacia harpophylla C o m m o n  1990
Anthela asciscens M im o sa c e a e Acacia  sp. H O S T S
Anthela astata E u p h o rb ia c e a e Glochidion ferd inand i N a th a n  1960  [p ro b a b ly  w ro n g  ID : 

A. acuta /  astata  g rp  o r  A. 
excel lens]
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a n th e l id  sp ec ie s h o s t  p la n t  
fa m ily

h o st  p la n t  sp ec ies so u r c e

Anthela  astata M im o sa c e a e Acacia baileyana o w n  o b se rv a tio n  [b red  in c a p tiv ity ]
Anthela astata M im o sa c e a e Acacia melanoxylon o w n  o b se rv a tio n  [b red  in c a p tiv ity ]
Anthela as ter i as M im o sa c e a e Acacia  spp . 

( " B ro a d le a f  W a ttle s" )
H e rb iso n -E v a n s  &  C ro ss le y

Anthela basigera P o a c e a e v a rio u s  g rasses H e rb iso n -E v a n s  &  C ro ss le y
A nthela basigera P o a c e a e g ra sse s M c Q u illa n  &  F o rre s t 1985
Anthela callispila C a e sa lp in ia c e a e Cassia nemophila M c F a r la n d  1979 [as Anthela  sp. 

n e a r  guenei]
A nthela callispila C a e sa lp in ia c e a e Cassia sp. M c F a r la n d  1979  [as Anthela  sp. 

n e a r  guenei]
Anthela callixantha S o la n a c e a e Solanum

cunninghamii
A N 1C  sp e c im e n  lab e l [c a te rp illa rs  
fo u n d  on  S. cunningham ii]

Anthela callixantha S o la n a c e a e Solanum ellipticum A N IC  sp e c im e n  label [c a te rp illa rs  
fo u n d  on  S. ellipticum , b re d  o n  S. 
elaeagnifolium]

Anthela canescens M y rta c e a e Corymbia torelliana H e rb is o n -E v a n s  &  C ro ss le y
Anthela canescens M y rta c e a e Eucalvptus spp. o w n  o b se rv a tio n  [b red  in c a p tiv ity ]
Anthela clementi M im o sa c e a e Acacia melanoxylon o w n  o b se rv a tio n  [b red  in c a p tiv ity , 

b u t m o s t c a te rp illa rs  an d  f in a lly  
s in g le  p u p a  d ied ]

Anthela cnecias P o a c e a e n a tiv e  g ra sse s o w n  o b se rv a tio n  [b red  in c a p tiv ity , 
b u t d ie d  in fin a l in s ta r]

Anthela connexa M im o sa c e a e Acacia longifolia. H e rb is o n -E v a n s  &  C ro ss le y
Anthela connexa M im o sa c e a e Acacia melanoxylon H e rb iso n -E v a n s  &  C ro ss le y
Anthela connexa M im o sa c e a e Acacia  spp . E llio tt &  de L ittle  1985
Anthela connexa P in a c e a e Pinus radiata E llio tt &  de L ittle  1985; 

B a sh fo rd  1990
Anthela denticulata C h e n o p o d ia c e a e A triplex spp . F ro g g a tt 1910 [d u b io u s  re c o rd , see  

" In tro d u c tio n  -  e c o n o m ic  a n d  
m e d ic a l re c o rd s" ]

Anthela denticulata P o a c e a e n a tu ra liz e d  an d  n a tiv e  
g ra sse s  (esp . "so ft" 
an n u a l sp p .)

n a tu ra liz e d  a n d  n a tiv e  g ra sse s  (esp . 
" so ft"  an n u a l sp p .)  [M c F a rla n d  
1979]

Anthela denticulata P o a c e a e v a rio u s  g rasses H e rb iso n -E v a n s  &  C ro ss le y
Anthela denticulata P o a c e a e g ra sse s C o m m o n  1990
Anthela denticulata P o a c e a e g rass A n d e rso n  1892; H O S T S
Anthela denticulata [P o a c e a e ] c ro p s E d w a rd s  &  F a ire y  1996
Anthela ekeikei A re c a c e a e Cocos nucifera S z e n t- Iv a n y  &  C a tle y  1960 [as 

Darala m beola , w h ic h  c e r ta in ly  is 
a w ro n g  ID : p ro b a b ly  A. ekeikei 
sp e c ie s  g ro u p ]

Anthela ekeikei C a su a r in a c e a e Casuarina
equisetifolia

S z e n t- Iv a n y  &  C a rv e r  1967

Anthela ekeikei P in a c e a e Pinus patula R o b e rts  1987; 
H O S T S

Anthela euryphrica P o a c e a e Bromus arenaria T u rn e r  1936
Anthela ew yphrica P o a c e a e Hordeum leporinum A N IC  c a rd  [lab e l d a ta  on  sp e c im e n  

fro m  N S W , M u rru ru n d i, r e a re d  by  
M id d le to n , 2 6 .5 .3 4 , C S IR O : "F a iry  
G ra ss"  &  "B a rle y  G rass" ]

Anthela euryphrica P o a c e a e Sporobolus caroli A N IC  c a rd  [ lab e l d a ta  on  sp e c im e n  
fro m  N S W , M u rru ru n d i, re a re d  by  
M id d le to n , 2 6 .5 .3 4 , C S IR O : "F a iry  
G ra ss"  &  "B a rle y  G rass" ]

Anthela euryphrica P o a c e a e g ra sse s C o m m o n  1990
Anthela euryphrica P o a c e a e ^ g ra s s H O S T S
Anthela euryphrica P o a c e a e P o aceae A N IC  re a r in g  b o o k  1980
Anthela euryphrica P o a c e a e Triticum aestivum H e rb iso n -E v a n s  &  C ro ss le y
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a n th e l id  s p e c ie s h o s t  p la n t h o s t  p la n t  s p e c ie s s o u r c e
fa m ily

Anthela euryphrica Poaceae Triticum sp. ("wheat") Common 1990
Anthela enryphrica [Poaceae] crops Edwards & Fairey 1996
Anthela excellens Mimosaceae Acacia bailevana own observation [bred in captivity]
Anthela excellens Mimosaceae Acacia longifolia ANIC card [larvae feeding on

phyllodes at NSW, Heathcote, 
11.4.75 (M.v.d.B., det. IFBC, 
1978)];
Berg 1982

Anthela excellens Mimosaceae Acacia mearnsii Berg 1982
Anthela excellens Mimosaceae Acacia melanoxylon VJ Robinson card
Anthela excellens Mimosaceae Acacia sp. VJ Robinson card;

HOSTS;
Herbison-Evans & Crossley

Anthela excellens Mimosaceae Acacia spp. Common 1990
Anthela excellens Myrtaceae Eucalyptus

camaldulensis
VJ Robinson card

Anthela excellens Myrtaceae Eucalyptus sp. VJ Robinson card
Anthela excellens Pinaceae Finns radiata Moore 1963a, b; 

HOSTS
Anthela exoleta Mimosaceae Acacia ligulata McFarland 1979 [as Anthela 

glauerti, bred]
Anthela Poaceae Pennisetum VJ Robinson card
fermginosa clandestinum
Anthela Poaceae Stenotaphrum VJ Robinson card
fermginosa secundatum
Anthela
fermginosa

Poaceae grasses (soft, 
introduced species)

own observation [bred in captivity]

Anthela
fermginosa

Poaceae grasses Common 1990

Anthela Poaceae grass HOSTS;
fermginosa Herbison-Evans & Crossley
Anthela guenei Fabaceae Jacksonia sp. Common 1990; 

HOSTS
Anthela gnenei Mimosaceae Acacia dealbata Common 1990; 

Herbison-Evans & Crossley
Anthela guenei Mimosaceae Acacia decurrens VJ Robinson card;

Common 1990; 
Herbison-Evans & Crossley

Anthela guenei Mimosaceae Acacia melanoxylon own observation [bred in captivity]
Anthela guenei Mimosaceae Acacia spp. Common 1990
Anthela guenei Mimosaceae Acacia sp. VJ Robinson card; 

HOSTS
Anthela nicothoe Fabaceae Chamaecytisus

prolifer
Hadlington 1963

Anthela nicothoe Mimosaceae Acacia bailey ana own observation [bred in captivity]
Anthela nicothoe Mimosaceae Acacia dealbata Berg 1982;

ANIC card ["Brindabella race", 
Mt. Coree, June 1957, emg. Aug. 
1958 (R. Straatman), No. 
24/1957)];
Common 1963, 1990;
Hadlington 1963;
HOSTS

Anthela nicothoe Mimosaceae Acacia melanoxylon VJ Robinson card;
own observation [bred in captivity]

Anthela nicothoe Mimosaceae Acacia spp. ("various
broad leaved wattles")

Herbison-Evans & Crossley
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a n th e l id  sp ec ie s h o s t  p la n t  h o s t  p la n t  s p e c ie s
fa m ily

s o u r c e

A n t  h e  la  n ic o th o e M im o sa c e a e A c a c ia  spp . H a d lin g to n  1963;
M o o re  1963a, b;
E llio tt &  de  L ittle  1985; 
C o u p a r  &  C o u p a r  1992

A n th e l a  n ic o th o e M im o sa c e a e A c a c ia  sp . V J R o b in so n  ca rd ; 
H O S T S

A n th e l a  n ic o th o e M y rta c e a e E u c a ly p tu s  o b / iq u a A N IC  c a rd  [ A n th e la  sp. n e a r A . 
n ic o th o e  d e fo lia t in g  tre e s  a t T A S , 
N ew  N o rfo lk , 1 8 .1 .7 8 , H . E llio tt 
(em g  2 0 .2 .7 8 ; de t. 1FB C , 1978)1

A n th e l a  n ic o th o e P in a c e a e P in u s  r a d ia ta H a d lin g to n  1963; 
M o o re  196 3 a , b; 
C o m m o n  1970 , 1990; 
C a m p b e ll 1972; 
H O S T S

A n th e l a  n ic o th o e P in a c e a e P in u s  spp . C o u p a r  &  C o u p a r  1992
A n th e l a  o c e l la ta M im o sa c e a e A c a c ia  d e a lb a ta B a sh fo rd  1997
A n th e l a  o c e l la ta P in a c e a e P in u s  r a d ia ta M o o re  196 3 a , b; 

H O S T S
A n th e l a  o c e l la ta P o a c e a e A x o n o p u s  a f f in i s M o o re  1963b
A n th e l a  o c e l la ta P o a c e a e C y n o d o n  d a c t y l  o n M o o re  1963b
A n th e l a  o c e l la ta P o a c e a e E h r h a r t a  e r e c ta C o u p a r  &  C o u p a r  1992; 

H e rb iso n -E v a n s  &  C ro ss le y
A n th e l a  o c e l la ta P o a c e a e L o l iu m  p e r e n n e M c Q u illa n  &  F o rre s t  1985
A n th e l a  o c e l la ta P o a c e a e T r i t ic u m  sp . (" w h e a t" ) A N IC  c a rd  ["p u b lish e d  re c o rd " ]
A n th e l a  o c e l la ta P o a c e a e T h e m e d a  t r ia n d r a o w n  o b se rv a tio n  [fie ld  

o b se rv a tio n ; c o m p le te d  life  cy c le  
o n  in tro d u c e d  g ra sse s  in c a p tiv ity ]

A n th e l a  o c e l la ta P o a c e a e m ix e d  law n  g ra sse s M c F a r la n d  1979;
o w n  o b se rv a tio n  [b red  in c a p tiv ity ]

A n th e l a  o c e l la ta P o a c e a e p a s tu re s L each  1952
A n th e l a  o c e l la ta P o a c e a e v a rio u s  n a tiv e  g ra sse s M o o re  1963b
A n th e l a  o c e l la ta P o a c e a e v a rio u s  n a tu ra liz e d  

an n u a l g ra s se s
M c F a r la n d  1979

A n th e l a  o c e l la ta P o a c e a e v a rio u s  g ra s se s F re n c h  1911;
B re w s te r  e t al. 1920;
V J R o b in so n  ca rd ;
A N IC  c a rd  [C a n b e rra , N o . 
2 6 /1 9 5 6 ] ;
C o m m o n  1963 , 1990; 
M c Q u illa n  &  F o rre s t 1985

A n th e l a  o c e l la ta P o a c e a e g ra ss H O S T S
A n th e l a  o r e s s a r c h a P o a c e a e C y n o d o n  d a c ty ’lo n V J R o b in so n  c a rd  [L I fro m  fe m a le  

ex  "T h e  L o n g  P la in "  n e a r  K ia n d ra  
a c c e p te d  "T u rfg ra ss" , 
" B e rm u d a g ra ss " , "P a rra m a tta  
G rass" ]

A n th e l a  o r e s s a r c h a P o a c e a e P o a  sp . V J R o b in so n  c a rd  [leav es an d  
y o u n g  sp ik e s  o f  " sn o w g ra ss"  P o a

sp-1
A n th e l a  o r e s s a r c h a P o a c e a e S p o r o b o lu s  in d ic u s V J R o b in so n  c a rd  [L I fro m  fe m a le  

ex  "T h e  L o n g  P la in "  n e a r  K ia n d ra  
a c c e p te d  "T u rfg ra ss" , 
"B e rm u d a g ra ss " , "P a rra m a tta  
G rass" ]

A n th e l a  o r e s s a r c h a P o a c e a e n a tiv e  g ra s se s o w n  o b se rv a tio n  [b red  in  c a p tiv ity , 
b u t d ie d  in L 3]

A n th e l a  o r e s s a r c h a P o a c e a e v a rio u s  g ra sse s H e rb iso n -E v a n s  &  C ro ss le y
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a n th e lid  sp e c ie s h o st p la n t h ost p la n t sp e c ie s so u r c e
fa m ily

Anthela oressarcha Poaceae grass Common 1990 [bred in captivity]; 
HOSTS

Anthela ostra [Poaceae] crops Edwards & Fairey 1996
Anthela ostra Poaceae grass HOSTS
Anthela postica Mimosaceae Acacia decurrens VJ Robinson card [as A. 

callicesta]',
Common 1990 [bred in captivity]; 
Herbison-Evans & Crossley

Anthela postica Mimosaceae Acacia sp VJ Robinson card [as A. 
callicesta];
HOSTS

Anthela reltoni Mimosaceae Acacia aneura own observation [bred in captivity]
Anthela reltoni Mimosaceae Acacia melanoxylon own observation [bred in captivity, 

but died in final instar]
Anthela repleta Mimosaceae Acacia binervata Berg 1982;

ANIC card [NSW, Robertson, 
26.4.76, M.v.d.B. (det. IFBC, 
1976)];
Common 1990; 
Herbison-Evans & Crossley

Anthela repleta Mimosaceae Acacia floribunda VJ Robinson card;
Common 1990; 
Herbison-Evans & Crossley

Anthela repleta Mimosaceae Acacia longifolia Berg 1982
Anthela repleta Mimosaceae Acacia mearnsii ANIC card [NSW, Waterfall, 

20.7.76, M.v.d.B. (det. IFBC, 
1978)];
Berg 1982;
Common 1990; 
Herbison-Evans & Crossley

Anthela repleta Mimosaceae Acacia melanoxylon Berg 1982;
Common 1990;
Herbison-Evans & Crossley; 
own observation [bred in captivity]

Anthela repleta Mimosaceae Acacia sp. (prob. 
penninervis)

ANIC card [NSW, 13 mis SE 
Braidwood (No. 20/1957)]

Anthela repleta Mimosaceae Acacia spp. Common 1990
Anthela repleta Mimosaceae Acacia sp. VJ Robinson card; 

HOSTS
Anthela n. sp. near 
repleta

Caesalpiniaceae Cassia nemophila McFarland 1979

Anthela n. sp. near 
repleta

Mimosaceae Acacia pycnantha McFarland 1979

Anthela rubeola Mimosaceae Acacia pycnantha Herbison-Evans & Crossley
Anthela rubicunda Mimosaceae Acacia melanoxylon own observation [bred in captivity, 

but died in final instar]
Anthela rubicunda Myrtaceae Eucalyptus sp. Lower 1903 [quoted G. Barnard]
Anthela stygiana Mimosaceae Acacia excels a VJ Robinson card [as A 

magnifica]
Anthela stygiana Mimosaceae Acacia harpophylla Common 1990 [as 4. magnifica]
Anthela stygiana Mimosaceae Acacia melanoxylon own observation [bred in captivity]
Anthela stygiana Mimosaceae Acacia sp. HOSTS [as A. magnifica]
Anthela tetraphrica Mimosaceae Acacia aneura own observation [bred in captivity]
Anthela unisigna Mimosaceae Acacia melanoxvlon own observation [bred in captivity]
Anthela varia Juglandaceae Carva "diviformis" ANIC card [at QLD, Nambour, 

Mar. 1968, larvae on foliage (det. 
IFBC, 1970), D816]
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a n th e lid  sp e c ie s h o s t p la n t  h o st p la n t sp ec ies
fa m ily

s o u r c e

Anthela varia Ju g la n d a c e a e Caiya  sp. C o m m o n  1990; 
H O S T S

Anthela varia M im o sa c e a e Acacia decurrens V J R o b in so n  c a rd
Anthela varia M im o sa c e a e Acacia  sp. V J R o b in so n  c a rd
Anthela varia M y rta c e a e Eucalyptus blakelyi A N IC  c a rd  [A C T , C a n b e rra , N JR  

M itc h e ll (d e t. E D E ), N o . 4 4 /1 9 7 1 ] ; 
L a n d sb e rg  1988

Anthela varia M y rta c e a e Eucalyptus J'astigata VJ R o b in so n  c a rd
Anthela varia M y rta c e a e Eucalyptus leucoxylon E d w a rd s  &  W a n ju ra  1989
Anthela varia M y rta c e a e Eucalyptus  spp . S co tt 1893 [as A. ham ata ];

S tran d  1925 [as A  hamata]',
T e a k le  1969;
C o m m o n  1990;
H e rb iso n -E v a n s  &  C ro ss le y ; 
o w n  o b se rv a tio n  [b red  in cap tiv ity ]

Anthela varia M y rta c e a e Eucalyptus  sp. V J R o b in so n  ca rd ; 
M o n te ith  1995; 
C h ew ;
H O S T S

Anthela varia P in a c e a e Pinus radiata M o o re  196 3 a , b
Anthela varia P ro te a c e a e Grevillea  sp. H e rb iso n -E v a n s  &  C ro ss le y
Anthela varia P ro te a c e a e M acadamia

tetraphylla
T e a k le  1969; 
H O S T S

Anthela varia P ro te a c e a e M acadamia  
in tegrifolia

H e rb iso n -E v a n s  &  C ro ss le y

Anthela varia P ro te a c e a e M acadamia  sp. I ro n s id e  1973 , 1980 , 1981 , 1995
Anthela varia P ro te a c e a e Stenocarpus sp. H e rb iso n -E v a n s  &  C ro ss le y
Anthela varia R o sa c e a e Prunus armeniaca T e a k le  1969
Anthela varia S a lic a c e a e Salix  sp . C o m m o n  1990; 

H O S T S
Anthela varia S a p in d a c e a e (? ) Atalaya  

hemiglauca
A N IC  c a rd  [n e a r  L o n g re a c h  so m e  
frass  a p p a re n tly  k il le d  o u tr ig h t (Q . 
D ep . A g ric . E n t.) : "W h ite w o o d " ]

Anthela xantharcha M im o sa c e a e Acacia acuminata M ills  1954
Anthela xantharcha M im o sa c e a e Acacia melanoxylon o w n  o b se rv a tio n  [b red  in c a p tiv ity ]
Anthela xantharcha M im o sa c e a e Acacia pycnantha M c F a r la n d  1979  [b red , p ro b a b ly  

A. xantharcha ]
Anthela xantharcha M im o sa c e a e Acacia  sp. C o m m o n  1990; 

H O S T S
Anthela  sp . (N S W , 
A C T )

M y rta c e a e Eucalyptus viminalis C h ish o lm  1923; 
R iek  1962

Anthela  sp . (N S W ) C h e n o p o d ia c e a e A trip/ex vesicaria A N IC  ca rd  [N S W , D e n iliq u in , 
3 0 .9 .1 9 5 8 , B . F o x  (d e t. IF B C  1960  
an d  1976; e x a m p le s  in A N IC )]

Anthela  sp . (Q L D , 
B risb a n e )

M im o sa c e a e Acacia  sp . C h ew

Anthela  sp . (Q L D , 
B risb a n e )

M y rta c e a e Eucalyptus  sp. C h ew

Anthela  sp . (Q L D , 
M a re e b a )

C a e sa lp in ia c e a e Erythrophleum
chlorostachys

M c F a r la n d  1979

Anthela  sp. (T A S ) F a g a c e a e Quercus sp . B a sh fo rd  1990
Anthela  sp . (T A S ) M y rta c e a e Eucalyptus

amvgdalina
B a sh fo rd  1990

Anthela  sp. (T A S ) M y rta c e a e Eucalyptus obliqua B a sh fo rd  1990
Anthela  sp. (T A S ) P in a c e a e Pinus radiata B a sh fo rd  1990
Anthela  sp. (T A S ) P in a c e a e Pinus  sp . H a rd y  e ta l.  1979
Anthela  sp. (W A ) M im o sa c e a e Acacia decurrens V J R o b in so n  c a rd  [6 0 m ls. E. 

G e ra ld to n ]
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a n th e lid  sp e c ie s h o st p la n t  
fa m ily

h o st p la n t sp e c ie s so u r c e

Anthe/a  sp . M im o sa c e a e Acacia dealbata B a sh fo rd  1997
Chelepteiyx
chaleptery’x

F a b a c e a e Trifolium  sp. G a lla rd  1931 [in itia lly ]

Chelepteryx
chalepteryx

M im o sa c e a e Acacia decurrens A N 1C  c a rd  [re a re d  ex  o v o  
(su p p lie d  b y  D .R . H o lm e s ) , N o . 
1 0 /1958]

Chelepteryx
chalepteryx

M im o sa c e a e Acacia mearnsii C o u p a r  &  C o u p a r  1991 [in 
c a p tiv ity ]

Chelepteiyx
chalepteryx

M im o sa c e a e Acacia  sp p . (b ip in n a te ) C o m m o n  1990 [in  c a p tiv ity ]; 
C o u p a r  &  C o u p a r  1992; 
H e rb iso n -E v a n s  &  C ro ss le y

C helepteiyx
chaleptery’x

M im o sa c e a e Acacia  sp. C o m m o n  1963;
V J R o b in so n  ca rd ; 
H O S T S

Chelepteryx
chalepteryx

M y rta c e a e Eucalyptus sp . G a lla rd  1931

Chelepteiyx
chalepteryx

P in a c e a e Pi mis radiata M o o re  196 3 a , b; 
H O S T S

Chelepteryx
chalepteryx

P in a c e a e Pi mis spp . C o u p a r  &  C o u p a r  1992; 
H e rb iso n -E v a n s  &  C ro ss le y

Chelepteryx
cha /ep ten ’x

P o a c e a e g ra sse s G a lla rd  1931 [o c c a s io n a lly ]

Chelepteiyx
chalepteryx

S a n ta la c e a e Choretrum candollei C o m m o n  1990;
C o u p a r  &  C o u p a r  1992; 
H e rb iso n -E v a n s  &  C ro ss le y

Chelepteryx
chaleptery’x

S a n ta la c e a e Choretrum  sp . H O S T S

Chelepteryx
chalepteryx

S a n ta la c e a e Exocarpos
cupressiformis

C o m m o n  1990;
C o u p a r  &  C o u p a r  1992; 
H e rb is o n -E v a n s  &  C ro ss ley ; 
o w n  o b se rv a tio n  [b red  in c a p tiv ity , 
c a te rp il la rs  d ie d  in L 2 /L 3 ]

Chelepteryx
chalepteryx

S a n ta la c e a e Exocarpos sp . A N 1C  c a rd  [V IC , R ed  H ill (D .R . 
H o lm e s  p e rs . c o m m .)];
H O S T S

Chelepteryx collesi M y rta c e a e Angophora cos tat a R a m ire z  1978
Chelepteiyx collesi M y rta c e a e Angophora  spp . H e rb is o n -E v a n s  &  C ro ss le y
Chelepteryx collesi M y rta c e a e Eucalyptus andreana V J R o b in so n  ca rd
Chelepteryx collesi M y rta c e a e Eucalyptus botiyoides R a m ire z  1978
Chelepteiyx collesi M y rta c e a e Eucalyptus capitellata R a m ire z  1978
Chelepteryx collesi M y rta c e a e Eucalyptus cor\>mbosa S tra n d  1925
Chelepteiyx collesi M y rta c e a e Eucalyptus globoidea L ee  1975; 

R a m ire z  1978
Chelepteryx collesi M y rta c e a e Eucalyptus

haemastoma
F ro g g a tt 1923; 
H a d lin g to n  1969; 
M c M a u g h  1985

Chelepteryx collesi M y rta c e a e Eucalyptus 
haemastoma  /

A n o n y m o u s  1941

racemosa  /
sclerophylla  (" S c r ib b ly  
G u m ”) '

Chelepteryx collesi M y rta c e a e Eucalyptus
macrorhyncha

A N 1C  c a rd  [A C T , C a n b e rra  (N o . 
4 7 /1 9 5 6 ) ] ;
S o u th c o tt 1978

Chelepteryx collesi M y rta c e a e Eucalyptus mannifera  
maculosa

S o u th c o tt 1978; 
o w n  o b se rv a tio n  [f ie ld  
o b se rv a tio n , n u m e ro u s  c a te rp illa rs  
c o m p le tin g  lifecy c le ]
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family

C h e le p te ry x  c o lle s i M y rta c e a e E u c a ly p tu s  p ip e r i ta R a m ire z  1978
C h e le p te ry x  c o lle s i M y rta c e a e E u c a ly p tu s  r o s s i i A N 1C  c a rd  [A C T , C a n b e rra  (N o . 

4 7 /1 9 5 6 )]
C h e le p te ry x  c o lle s i M y rta c e a e E u c a ly p tu s

s id e ro x y lo n
R a m ire z  1978

C h e le p te ry x  c o lle s i M y rta c e a e E u c a ly p tu s  s te llu la ta G le n n  C o c k in g  (A N IC , p ers . 
c o m m .) [f ie ld  o b se rv a tio n ]

C h e le p te ry x  c o lle s i M y rta c e a e E u c a ly p tu s  y im in a lis C h ish o lm  1923
C h e le p te iy x  c o lle s i M y rta c e a e E u c a ly p tu s  sp . (" B o x  

G u m ")
F a n n in g  1913

C h e le p te ry x  c o lle s i M y rta c e a e E u c a ly p tu s  sp . H O S T S
C h e le p te ry x  c o lle s i M y rta c e a e E u c a ly p tu s  spp .

(" W h ite -s te m m e d
G u m "

A n o n y m o u s  1941

C h e le p te ry x  c o lle s i M y rta c e a e E u c a ly p tu s  spp . S co tt 1864;
P a lm e r 1885;
M c C o y  1890;
C o m m o n  1963 , 1970 , 1990; 
H e rb iso n -E v a n s  &  C ro ss le y

C h e le p te ry x  c o lle s i M y rta c e a e L o p h o ste rn o n
c o n fe r tu s

M c M a u g h  1985; 
H e rb iso n -E v a n s  &  C ro ss le y

C h e le p te ry x  c o lle s i M y rta c e a e M e la le u c a
q u in q u e n e rv ia

H e rb iso n -E v a n s  &  C ro ss le y

C h e le p te n x  c o lle s i M y rta c e a e T ris ta n ia  c o n fe r ta R a m ire z  1978
C h e le p te ry x  c o lle s i P it to s p o ra c e a e P itto sp o ru rn  sp . L ee  1975
C h e le p te n x  c o lle s i P ro te a c e a e X y lo m e lu m  p y r ifo rrn e C h ish o lm  1925
C h e n u a la  h e lia sp is M im o sa c e a e A c a c ia  d e c u r re n s V J R o b in so n  ca rd
C h em ra la  h e lia sp is M im o sa c e a e A c a c ia  in e a r n s  ii C o m m o n  1990  [c a te rp illa rs  fo u n d  

n e a r  W ilto n  b y  Je s so p ];
C o u p a r  &  C o u p a r  1992

C h e n u a la  h e lia sp is M im o sa c e a e A c a c ia  sp. VJ R o b in so n  ca rd ;
H O S T S ;
H e rb iso n -E v a n s  &  C ro ss le y

C h e n u a la  h e lia sp is M y rta c e a e E u c a ly p tu s  o h liq u a C o u p a r  &  C o u p a r  1992
C h e n u a la  h e lia sp is M y rta c e a e E u c a ly p tu s  p a u c i f lo r a A N IC  c a rd  [A C T , M t. G in g e ra , 

F eb . 1957, IF B C  (N o . 8 /1 9 5 7 )] ; 
C o m m o n  1990;
C o u p a r  &  C o u p a r  1992;
o w n  o b se rv a tio n  [b red  in c a p tiv ity ]

C h e n u a la  h e lia sp is M y rta c e a e E u c a ly p tu s  spp . S co tt 1893;
C o m m o n  1970, 1990; 
H e rb is o n -E v a n s  &  C ro ss le y

C h e n u a la  h e lia sp is M y rta c e a e E u c a ly p tu s  sp M o o re  1 9 6 3 a , b; 
H O S T S

C h e n u a la  h e lia sp is P in a c e a e P in u s  e n g e lm a n n ii M o o re  196 3 a , b; 
H O S T S

C h e n u a la  h e lia sp is P in a c e a e P in u s  p a tu la M o o re  196 3 a , b; 
H O S T S

C h e n u a la  h e lia sp is P in a c e a e P in u s  ra d ia ta M o o re  196 3 a , b;
A N IC  c a rd  [n r B la y n e y  (d e t. IF B C  
I9 6 0 ) ] ;
C o m m o n  1970, 1990;
H O S T S

C h e n u a la  h e lia sp is P in a c e a e P in u s  spp . C o u p a r  &  C o u p a r  1992
C h e n u a la  h e lia sp is P in a c e a e P in u s  sp . H O S T S ;

H e rb iso n -E v a n s  &  C ro ss le y
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Munychryia
periclyta

Casuarinaceae Casuarina sp. Common & McFarland 1970; 
McFarland 1979;
Common 1990;
VJ Robinson card;
HOSTS

Munychryia
senicula

Casuarinaceae Casuarina
muelleriana

Common & McFarland 1970

Munychtyia
senicula

Casuarinaceae Casuarina striata Common & McFarland 1970

Munychtyia
senicula

Casuarinaceae Casuarina spp. McFarland 1979;
Common 1990;
VJ Robinson card;
HOSTS;
own observation [bred in captivity]

Nataxa flavescens Mimosaceae Acacia deal bat a Berg 1982;
ANIC card [ACT, Mt. Coree, April 
1958, R. Straatman (No. 4/1958)]; 
ANIC card [NSW, Yass, 27.9.76, 
M.v.d.B. (det. IFBC, 1978)]; 
Coupar & Coupar 1992

Nat ax a f l  avescens Mimosaceae Acacia decurrens Berg 1982;
ANIC card [ACT, Mt. Coree, April
1958, R. Straatman (No. 4/1958)]; 
ANIC card [ACT, Canberra, 14. 
MAR 1959 (reared and del. IFBC, 
28/1959)];
ANIC card [NSW, Goulbum, 
27.9.76, pupa in hole in dead 
branch, M.v.d.B. (det IFBC, 
1978)];
own observation [bred in captivity]

Nataxa flavescens Mimosaceae Acacia mearnsii Berg 1982;
Coupar & Coupar 1992

Nataxa flavescens Mimosaceae Acacia melanoxylon Berg 1982;
Coupar & Coupar 1992

Nataxa f l  avescens Mimosaceae Acacia sp. VJ Robinson card;
Common 1963, 1990; 
HOSTS;
Herbison-Evans & Crossley

Nataxa flavescens Myrtaceae Eucalyptus sp. VJ Robinson card
Nataxa flavescens Santalaceae Exocarpos sp. VJ Robinson card
Omphaliodes
obscura

Mimosaceae Acacia leiophylla Jenkins

Pterolocera
elizabetha

Mimosaceae Acacia saligna ANIC card [at WA, Bullbrook, 
17.8.75, Mv.d.B., det. IFBC, 
1976];
Berg 1980

Pterolocera
elizabetha

Poaceae Phalaris aquatica ANIC card [WA, 4mls E Pinjarra, 
Aug. 1968, M.A.Mahon ("Larvae 
fed exposed on leaves and when 
supply was exhausted fed readily 
on "Phalaris Grass", p...ic and rye 

_grasses (88/1965)")]
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a n t h e l id  s p e c ie s h o s t  p la n t  
f a m ily

h o s t  p la n t  s p e c ie s  s o u r c e

P te r o lo c e r a
e l i z a b e th a

X a n th o rrh o e a c e
ae

X a n th o r r h o e a  p r e i s s i i A N IC  c a rd  [W A , 4 m ls  E  P in ja rra , 
A ug . 1968, M .A .M a h o n  ("L a rv a e  
fed  e x p o se d  on  leav e s  a n d  w h en  
su p p ly  w as e x h a u s te d  fed  re a d ily  
on  "P h a la ris  G ra ss" , p ...ic  a n d  rye  
g ra sse s  (8 8 /1 9 6 5 )" ) ]

P te r o lo c e r a
is o g a m a

M im o sa c e a e A c a c ia  a c u m in a ta M c G a u ra n  1951;
D ay  e t  a l. 1953, m o st p ro b , b a se d  
on  M c G a u ra n  1951

P te r o lo c e r a
is o g a m a

M im o sa c e a e A c a c ia  spp . M c G a u ra n  1951; 
H O S T S

P te r o lo c e r a  sp . 
(A C T , C a n b e rra )

P o a c e a e n a tiv e  g ra s se s A N IC  ca rd  [A C T , C a n b e rra , O ct. 
1958 , em g . F eb . 1959, N o . 
2 3 /1 9 5 8 ];
o w n  o b se rv a tio n  [b red  in  c a p tiv ity ]

P te r o lo c e r a  sp. 
(A C T )

P o a c e a e n a tiv e  g ra ss  p a s tu re s D ay  e t  a l. 1953 [as P te r o lo c e r a  
a m p l ic o r n i s ]

P te r o lo c e r a  sp. 
(N S W , C o b a r  a rea )

P o a c e a e T r io d ia  i r r i ta n s V J R o b in so n  ca rd

P te r o lo c e r a  sp. 
(T A S )

C y p e ra c e a e G y m n o s c h o e n u s
s p h a e r o c e p h a ln s

B ro w n  e t  a l. 1993

P te r o lo c e r a  sp. 
(T A S )

M im o sa c e a e A c a c ia  d e a lb a ta B ash fo rd  1990

P te r o lo c e r a  sp. 
(T A S )

P o a c e a e p a s tu re s H a rd y  e t  a l. 1980  [as P te r o lo c e r a  
a m p l ic o r n i s ]

P te r o lo c e r a  sp. 
(T A S )

P o a c e a e p a s tu re s M arty n  et al. 1972, 1975 , 1977 [as 
P te r o lo c e r a  a m p lic o r n is ] ',  
T e r a u d s e t a / .  1985 [as 
P te r o lo c e r a  a m p lic o r n is ]

P te r o lo c e r a  sp. 
(T A S )

v a rio u s  g a rd e n  p lan ts T e ra u d s  e t  a l.  1986 [as 
P te r o lo c e r a  a m p lic o r n is ]

P te r o lo c e r a  sp. 
(W A )

C y p e ra c e a e sed g e o w n  o b se rv a tio n  [f ie ld  
o b se rv a tio n , th ree  sp e c im e n s , all 
p a ra s itiz e d  b y  T a c h in id a e ]

P te r o lo c e r a  sp . 
(W A )

M im o sa c e a e A c a c ia  c y c lo p s B e rg  1980

P te r o lo c e r a  sp . 
(W A )

P ro te a c e a e B a n k s ia  spp . o w n  o b se rv a tio n  [fie ld  
o b se rv a tio n ; fo u n d  on  B a n k s ia  sp ., 
c o m p le te d  life  cy c le  o n  v a r io u s  
B a n k s ia  spp . in c a p tiv ity ]

P te r o lo c e r a  sp . 0 
(S A )

C y p e ra c e a e L e p id o s p e r m a
v is c id u m

A n d y  Y o u n g  (S A , K a n g a ro o  Is l., 
p e rs . co m m .) [f ie ld  o b se rv a tio n ]

P te r o lo c e r a  sp . 0 
(S A )

C y p e ra c e a e G a h n ia  h y s t r i x A n d y  Y o u n g  (S A , K a n g a ro o  Is l., 
p e rs . co m m .) [f ie ld  o b se rv a tio n ]

P te r o lo c e r a  sp . 0 
(S A )

F a b a c e a e D a v ie s ia  g e n i s t i fo l ia A n d y  Y o u n g  (S A , K a n g a ro o  Is l., 
p ers . co m m .) [f ie ld  o b se rv a tio n ]

P te r o lo c e r a  sp . 1 
(S A )

C a su a r in a c e a e C a s u a r in a  s t r ia ta M c F a r la n d  1979

P te r o lo c e r a  sp . 1 
(S A )

F a b a c e a e D a v ie s ia  b r e v i fo l ia M c F a r la n d  1979

P te r o lo c e r a  sp . 1 
(S A )

F a b a c e a e P la ty lo b iu m
o b tu s a n g u lu m

M c F a r la n d  1979

P te r o lo c e r a  sp . 1 
(S A )

M im o sa c e a e A c a c ia  p y c n a n th a M c F a r la n d  1979  [re a d ily  sw itc h e d  
to  fro m  o th e r  p lan ts  in c a p tiv ity ]

P te r o lo c e r a  sp . 1 
(S A )

P o a c e a e to u g h , w iry  p e re n n ia l 
b u n c h -g ra sse s

M c F a r la n d  1979

P te r o lo c e r a  sp . 1 
(S A )

P ro te a c e a e H a k e a  ( l ) m u e l l e r i a n a M c F a r la n d  1979
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a n th e lid  sp ec ie s h o st p la n t  
fa m ily

h o st p la n t sp ec ie s so u rce

Pterolocera sp. 1 
(SA)

Proteaceae Hakea rostrata McFarland 1979

Pterolocera sp. 1 
(SA)

Santalaceae Choretrum spicatum McFarland 1979

Pterolocera sp. 1 
(SA)

woody shrubs McFarland 1979

Pterolocera sp. 2 
(WA)

Proteaceae Banksia marginata McFarland 1979 [accepted in 
captivity]

Pterolocera sp. 2 
(WA)

Proteaceae Banksia sphaerocarpa McFarland 1979

Pterolocera sp. 3 
(WA)

Cyperaceae Lepidosperma sp. McFarland 1979 [particularly]

Pterolocera sp. 3 
(WA)

Cyperaceae sedges McFarland 1979

Pterolocera sp. 3 
(WA)

Poaceae grasses McFarland 1979

Pterolocera sp. 4 
(TAS)

Poaceae Boronia sp. Martyn 1974 [as Pterolocera 
amplicornis]

Pterolocera sp. 4 
(TAS)

Poaceae Holcus lanatus Martyn 1974 [as Pterolocera 
amplicornis]

Pterolocera sp. 4 
(TAS)

Poaceae Lolium perenne Martyn 1974 [as Pterolocera 
amplicornis]

Pterolocera sp. 5 
(SA)

Apiaceae Daitcus glochidiatus [McFarland 1979 [occasionally, as 
Pterolocera sp. near amplicornis]

Pterolocera sp. 5 
(SA)

Apiaceae Hydrocotyle sp. [McFarland 1979 [occasionally, as 
Pterolocera sp. near amplicornis]

Pterolocera sp. 5 
(SA)

Crassulaceae Crassula sp. [McFarland 1979 [occasionally, as 
Pterolocera sp. near amplicornis]

Pterolocera sp. 5 
(SA)

Cyperaceae Gahnia lanigera [McFarland 1979 [occasionally, as 
Pterolocera sp. near amplicornis]

Pterolocera sp. 5 
(SA)

Poaceae Poa bulbosa [McFarland 1979 [occasionally, as 
Pterolocera sp. near amplicornis]

Pterolocera sp. 5 Poaceae naturalized (annual) McFarland 1979 [particularly, as
(SA) and (perennial) native 

grasses
Pterolocera sp. near amplicornis]

Pterolocera sp. 
(VIC)

Poaceae Danthonia spicata Herbison-Evans & Crossley [as 
Pterolocera amplicornis]

Pterolocera sp. 
("mountain form")

Poaceae Poa sp. ("Snowgrass") VJ Robinson card

Pterolocera sp. Fabaceae Trifolium sp. Common 1990; 
HOSTS

Pterolocera sp. Poaceae various grasses Evans 1943 [as Pterolocera 
amplicornis]',
VJ Robinson card [as Pterolocera 
amplicornis]

Pterolocera sp. Poaceae grasses Common 1990
Pterolocera sp. Poaceae grass Anderson 1892 [as Pterolocera 

amplicornis]',
Common 1963, 1970 [as
Pterolocera amplicornis]', 
HOSTS [as Pterolocera 
amplicornis]

Pterolocera sp. low-growing shrubs Common 1990
Pterolocera spp. Poaceae native pastures Edwards & Fairey 1996
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C.2) A nthelid host records sorted by host plant

HOSTS -  an online-database of the hostplants of the world's Lepidoptera by the 

Natural History Museum, London:

http://www.nhm.ac.uk/research-curation/projects/hostplants/

h o s t  p la n t  
fa m ily

h o s t  p la n t  s p e c ie s a n th e l id
s p e c ie s

s o u r c e

A p ia c e a e Daucus glochidiatus Pterolocera  
sp. 5 (S A )

[M c F a rla n d  1979  [o c c a s io n a lly , as 
Pterolocera  sp . n e a r  am plicornis]

A p ia c e a e H ydrocotyle  sp. Pterolocera  
sp. 5 (S A )

[M c F a rla n d  1979 [o c c a s io n a lly , as 
Pterolocera  sp . n e a r  am plicornis]

A rec a c e a e Cocos nucifera Anthela
ekeikei

S z e n t- Iv a n y  &  C a tley  1960  [as D arala  
rubeola, w h ic h  c e r ta in ly  is a w ro n g  
ID : p ro b a b ly  A. ekeikei sp e c ie s  g ro u p ]

A re c a c e a e p a lm  tree Anthela acuta
(Q L D ,
B risb a n e )

C h ew

A ste ra c e a e Hypochoeris radicata Anthela acuta o w n  o b se rv a tio n  [f ie ld  o b se rv a tio n  o f  
tw o  sp e c im e n s ; c o m p le te d  life  cy c le  
on  h o s t p la n t in c a p tiv ity ; h o s t p la n t 
sp e c ie s  n o t n a tiv e  to  A u s tra lia ]

A ste ra c e a e Olearia argophylla Anthela acuta C o u p a r  &  C o u p a r  1992; 
H e rb iso n -E v a n s  &  C ro ss le y

B a rr in g to n ia c e a
e

Planchonia careya Anthela acuta  
(N T )

S o u th c o tt 1987

C a e sa lp in ia c e a e Cassia nemophila Anthela  n. sp . 
n ea r repleta

M c F a r la n d  1979

C a e sa lp in ia c e a e Cassia nemophila Anthela
callispila

M c F a r la n d  1979  [as Anthela  sp . n e a r  
guenei]

C a e sa lp in ia c e a e Cassia sp. Anthela
callispila

M c F a r la n d  1979 [as Anthela  sp . n e a r  
guenei]

C a e sa lp in ia c e a e Erythrophleum
chlorostachys

Anthela  sp .
(Q L D ,
M a re e b a )

M c F a r la n d  1979

C a su a rin a c e a e Casuarina equisetifolia Anthela
ekeikei

S z e n t- Iv a n y  &  C a rv e r  1967

C a su a rin a c e a e Casuarina muelleriana M u n ych y ia
senicu/a

C o m m o n  &  M c F a r la n d  1970

C a su a rin a c e a e Casuarina striata Pterolocera  
sp. 1 (S A )

M c F a r la n d  1979

C a su a rin a c e a e Casuarina striata M unychryia
senicula

C o m m o n  &  M c F a r la n d  1970

C a su a rin a c e a e Casuarina  spp . M u n ych y ia
senicula

M c F a r la n d  1979;
C o m m o n  1990 ;
V J R o b in so n  ca rd ;
H O S T S ;
o w n  o b se rv a tio n  [b red  in  c a p tiv ity ]

C a su a rin a c e a e Casuarina  sp . M u n ych y ia
periclyta

C o m m o n  &  M c F a r la n d  1970; 
M c F a r la n d  1979;
C o m m o n  1990 ;
V J R o b in so n  ca rd ;
H O S T S

C h e n o p o d ia c e a e Atrip!ex vesicaria Anthela  sp. 
(N S W )

A N IC  c a rd  [N S W , D e n iliq u in , 
3 0 .9 .1 9 5 8 , B . F o x  (d e t. IF B C  1960 
an d  1976; e x a m p le s  in A N IC )]
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h o st p la n t  
fa m ily

h o st p la n t  sp e c ie s a n th e lid
sp e c ie s

s o u r c e

C h e n o p o d ia c e a e A triplex  spp . Anthela
denticulata

F ro g g a tt 1910  [d u b io u s  re c o rd , see  
" In tro d u c tio n  -  e c o n o m ic  an d  m ed ica l 
re c o rd s" ]

C ra ssu la c e a e Crassula  sp. Pterolocera  
sp. 5 (S A )

[M c F a rla n d  1979 [o c c a s io n a lly , as 
Pterolocera  sp . n e a r  am plicornis]

C y p e ra c e a e Galmia hystrix Pterolocera  
sp. 0  (S A )

A n d y  Y o u n g  (S A , K a n g a ro o  Is l., p ers . 
c o m m .) [f ie ld  o b se rv a tio n ]

C y p e ra c e a e Gahnia lanigera Pterolocera  
sp. 5 (S A )

[M c F a rla n d  1979 [o c c a s io n a lly , as 
Pterolocera  sp . n e a r  am plicornis]

C y p e ra c e a e Gymnoschoenus
sphaerocephalus

Pterolocera  
sp. (T A S )

B ro w n  e ta l.  1993

C y p e ra c e a e Lepidospenna viscidum Pterolocera  
sp. 0  (S A )

A n d y  Y o u n g  (S A , K a n g a ro o  Isl., p ers . 
c o m m .) [f ie ld  o b se rv a tio n ]

C y p e ra c e a e Lepidosperma  sp. Pterolocera  
sp. 3 (W A )

M c F a r la n d  1979 [p a r tic u la rly ]

C y p e ra c e a e sed g e Pterolocera  
sp. (WA)

o w n  o b se rv a tio n  [f ie ld  o b se rv a tio n , 
th ree  sp e c im e n s , a ll p a ra s itiz e d  by  
T a c h in id a e ]

E u p h o rb ia c e a e Glochidion ferd inandi A nthela astata N a th a n  1960 [p ro b a b ly  w ro n g  ID : A. 
acuta /  astata  g rp  o r  A. excel lens]

F a b a c e a e Chamaecytisus prolifer Anthela
nicothoe

H a d lin g to n  1963

F a b a c e a e Daviesia brevifolia Pterolocera  
sp. 1 (S A )

M c F a r la n d  1979

F a b a c e a e Daviesia genistifolia Pterolocera  
sp. 0 (SA)

A n d y  Y o u n g  (S A , K a n g a ro o  Is l., p ers . 
c o m m .) [f ie ld  o b se rv a tio n ]

F a b a c e a e Jacksonia  sp. Anthela guenei C o m m o n  1990; 
H O S T S

F a b a c e a e Platylobium
obtusangulum

Pterolocera  
sp. 1 (S A )

M c F a r la n d  1979

F a b a c e a e Trifolium  sp. Chelepteryx
chalepteryx

G a lla rd  1931 [in itia lly ]

F a b a c e a e Trifolium  sp. Pterolocera  sp. C o m m o n  1990; 
H O S T S

F a b a c e a e Vicia fa b a Anthela acuta A N IC  c a rd  [at T a re e  in  S ep t., "N S W  
Ins. P e s t S u rv e y , 1953 , p. 18"]

F a g a c e a e Fagus sylvatica Anthela acuta  
(T A S )

H e rb is o n -E v a n s  &  C ro ss le y

F a g a c e a e Quercus robur Anthela acuta  
(T A S )

H e rb is o n -E v a n s  &  C ro ss le y

F a g a c e a e Quercus sp . Anthela  sp . 
(T A S )

B a sh fo rd  1990

Ju g la n d a c e a e C atya  "diviform is" Anthela varia A N IC  c a rd  [at Q L D , N a m b o u r, M ar. 
1968 , la rv a e  on  fo lia g e  (d e t. IF B C , 
197 0 ), D 8 1 6]

Ju g la n d a c e a e Catya  sp . Anthela varia C o m m o n  1990; 
H O S T S

M im o sa c e a e Acacia  sp . Anthela  sp .
(Q L D ,
B ris b a n e )

C h ew

M im o sa c e a e Acacia acuminata Anthela
xantharcha

M ills  1954

M im o sa c e a e Acacia acuminata Pterolocera
isogama

M c G a u ra n  1951;
D ay  et al. 1953 , m o s t p ro b , b a se d  on  
M c G a u ra n  1951

M im o sa c e a e Acacia aneura Anthela reltoni o w n  o b se rv a tio n  [b re d  in c ap tiv ity ]
M im o sa c e a e Acacia aneur a Anthela

tetraphrica
o w n  o b se rv a tio n  [b red  in c ap tiv ity ]
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h o st  p la n t  
f a m ily

h o st  p la n t  sp ec ie s a n th e l id
sp ec ie s

s o u rce

M im o sa c e a e A c a c ia  b a i le y  a n  a A n t  h e /a  a c u ta o w n  o b se rv a tio n  [b red  in c a p tiv ity ]
M im o sa c e a e A c a c ia  b a i le y a n a A n  th e !  a  a s  ta t  a o w n  o b se rv a tio n  [b red  in cap tiv ity ]
M im o sa c e a e A c a c ia  b a i le y a n a A n  th e !  a  

e x c e l le n s
o w n  o b se rv a tio n  [b red  in cap tiv ity ]

M im o sa c e a e A c a c ia  b a i le y a n a A n th e l a  

n i  c o t  h o e
o w n  o b se rv a tio n  [b red  in  c a p tiv ity ]

M im o sa c e a e A c a c ia  b in e r v a ta A n th e l a
r e p /e ta

B e rg  1982A N 1C  c a rd  [N S W , 
R o b e rtso n , 2 6 .4 .7 6 , M .v .d .B . (d e t. 
1FB C , 1 9 7 6 )]C o m m o n  1 9 9 0 H e rb iso n - 
E v a n s  &  C ro ss le y

M im o sa c e a e A c a c ia  c y c lo p s P te r o lo c e r a  
sp . (W A )

B e rg  1980

M im o sa c e a e A c a c ia  d e a lb a t  a A n th e l a  a d d i ta B a sh fo rd  1997
M im o sa c e a e A c a c ia  d e a lb a t  a A n th e l a  g u e n e i C o m m o n  1990; 

H e rb iso n -E v a n s  &  C ro ss le y
M im o sa c e a e A c a c ia  d e a lb a ta A n th e l a

n ic o th o e
B e rg  1982;
A N 1C  c a rd  [" B r in d a b e lla  ra c e " , M t. 
C o re e , Ju n e  1957 , em g . A u g . 1958 (R . 
S tra a tm a n ), N o . 2 4 /1 9 5 7 )] ;
C o m m o n  1963 , 1990;
H a d lin g to n  1963;
H O S T S

M im o sa c e a e A c a c ia  d e a lb a ta A n th e l a  
o  c e l la ta

B a sh fo rd  1997

M im o sa c e a e A c a c ia  d e a lb a ta A n th e l a  sp. B a sh fo rd  1997
M im o sa c e a e A c a c ia  d e a lb a ta N a ta x a

f l a v e s c e n s
B erg  1982;
A N IC  c a rd  [A C T , M t. C o re e , A p ril 
1958 , R . S tra a tm a n  (N o . 4 /1 9 5 8 ) ] ; 
A N IC  c a rd  [N S W , Y ass , 2 7 .9 .7 6 , 
M .v .d .B . (d e t. IF B C , 1 9 7 8 )]; 
C o u p a r  &  C o u p a r  1992

M im o sa c e a e A c a c ia  d e a lb a ta P te r o lo c e r a  
sp . (T A S )

B a sh fo rd  1990

M im o sa c e a e A c a c ia  d e c  w r e n s A n th e l a  g u e n e i V J R o b in so n  ca rd ;
C o m m o n  1990; 
H e rb is o n -E v a n s  &  C ro ss le y

M im o sa c e a e A c a c ia  d e c  w r e n s A n th e la
p o s t i c a

V J R o b in so n  c a rd  [as A . c a l l i c e s ta ]; 
C o m m o n  1990  [b red  in  c a p tiv ity ]; 
H e rb is o n -E v a n s  &  C ro ss le y

M im o sa c e a e A c a c ia  d e c w r e n s A n th e l a  sp. 
(W A )

V J R o b in so n  c a rd  [6 0 m ls. E. 
G e ra ld to n ]

M im o sa c e a e A c a c ia  d e c w r e n s A n th e l a  v a r ia V J R o b in so n  ca rd
M im o sa c e a e A c a c ia  d e c w r e n s C h e le p te r y x

c h a le p t e r v x
A N IC  c a rd  [re a re d  ex  o v o  (su p p lie d  by  
D .R . H o lm e s ) , N o . 10/19581

M im o sa c e a e A c a c ia  d e c w r e n s C h e n u a la
h e l ia s p i s

V J R o b in so n  c a rd

M im o sa c e a e A c a c ia  d e c n r r e n s N a ta x a
f l a v e s c e n s

B e rg  1982;
A N IC  c a rd  [A C T , M t. C o re e , A p ril 
1958 , R . S tra a tm a n  (N o . 4 /1 9 5 8 ) ] ; 
A N IC  c a rd  [A C T , C a n b e rra , 14. M A R  
1959  ( re a re d  a n d  d et. IF B C ,
2 8 /1 9 5 9 )] ;
A N IC  c a rd  [N S W , G o u lb u m , 2 7 .9 .7 6 , 
p u p a  in h o le  in  d e a d  b ra n c h , M .v .d .B . 
(d e t IF B C , 19 7 8 )]; 
o w n  o b se rv a tio n  [b red  in  c a p tiv ity ]

M im o sa c e a e A c a c ia  e x c e l s a A n th e l a
s t y g ia n a

V J R o b in so n  c a rd  [as A . m a g n i f i c a \
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h o s t  p la n t  
f a m ily

h o s t  p la n t  s p e c ie s a n th e l id
s p e c ie s

s o u r c e

M im o sa c e a e A cacia floribunda An the la 
repleta

V J R o b in so n  ca rd ;
C o m m o n  1990; 
H e rb iso n -E v a n s  &  C ro ss le y

M im o sa c e a e Acacia harpophylla An the la 
asciscens

C o m m o n  1990

M im o sa c e a e Acacia harpophylla An the I a 
stygiana

C o m m o n  1990  [as A  magnified]

M im o sa c e a e Acacia leiophvlla Omphaliodes
obscura

Je n k in s

M im o sa c e a e Acacia ligulata Anthela
exoleta

M c F a r la n d  1979 [as Anthela glauerti, 
b red ]

M im o sa c e a e Acacia longifolia Anthela
excellens

A N IC  c a rd  [ la rv ae  fe e d in g  on  
p h y llo d e s  a t N S W , H e a th c o te , 11 .4 .75  
(M .v .d .B ., de t. IF B C , 1978)];
B e rg  1982

M im o sa c e a e Acacia longifolia Anthela
repleta

B e rg  1982

M im o sa c e a e Acacia longifolia. Anthela
connexa

H e rb iso n -E v a n s  &  C ro ss le y

M im o sa c e a e Acacia mearnsii Anthela
excellens

B e rg  1982

M im o sa c e a e Acacia mearnsii Anthela
repleta

A N IC  c a rd  [N S W , W a te rfa ll, 2 0 .7 .7 6 , 
M .v .d .B . (d e t. IF B C , 1978)];
B e rg  1982;
C o m m o n  1990;
H e rb iso n -E v a n s  &  C ro ss le y

M im o sa c e a e Acacia mearnsii Chelepteryx
chalepteiyx

C o u p a r  &  C o u p a r  1991 [in c a p tiv ity ]

M im o sa c e a e Acacia mearnsii N ataxa
flavescens

B erg  1982;
C o u p a r  &  C o u p a r  1992

M im o sa c e a e Acacia mearnsii Chenuala
heliaspis

C o m m o n  1990  [c a te rp illa rs  fo u n d  n e a r  
W ilto n  by  J e s so p ]C o u p a r  &  C o u p a r  
1992

M im o sa c e a e Acacia melanoxylon Anthela acuta o w n  o b se rv a tio n  [b re d  in cap tiv ity ]
M im o sa c e a e Acacia melanoxylon A nthela astata o w n  o b se rv a tio n  [b re d  in cap tiv ity ]
M im o sa c e a e Acacia melanoxylon Anthela

d em en ti
o w n  o b se rv a tio n  [b red  in c a p tiv ity , b u t 
m o s t c a te rp illa rs  an d  fin a lly  s in g le  
p u p a  d ied ]

M im o sa c e a e Acacia melanoxylon Anthela
connexa

H e rb iso n -E v a n s  &  C ro ss le y

M im o sa c e a e Acacia melanoxylon Anthela
excellens

V J R o b in so n  ca rd

M im o sa c e a e Acacia melanoxylon Anthela guenei o w n  o b se rv a tio n  [b red  in c a p tiv ity ]
M im o sa c e a e Acacia melanoxylon Anthela

nicothoe
V J R o b in so n  ca rd ;
o w n  o b se rv a tio n  [b re d  in c a p tiv ity ]

M im o sa c e a e Acacia melanoxylon Anthela reltoni o w n  o b se rv a tio n  [b red  in c a p tiv ity , b u t 
d ie d  in  f in a l in sta r]

M im o sa c e a e Acacia melanoxylon Anthela
repleta

B e rg  1982;
C o m m o n  1990; 
H e rb iso n -E v a n s  &  C ro ss ley ;
o w n  o b se rv a tio n  [b red  in c a p tiv ity ]

M im o sa c e a e Acacia melanoxylon Anthela
rubicunda

o w n  o b se rv a tio n  [b red  in c a p tiv ity , b u t 
d ied  in fin a l in s ta r]

M im o sa c e a e Acacia melanoxylon Anthela
stygiana

o w n  o b se rv a tio n  [b red  in c a p tiv ity ]

M im o sa c e a e Acacia melanoxylon Anthela
unisigna

o w n  o b se rv a tio n  [b red  in c a p tiv ity ]
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h o st  p la n t  
fa m ily

h ost  p la n t  sp ec ie s an th e l id
sp ec ies

so u r c e

M im o sa c e a e A c a c ia  m e la n o x y lo n A n th e la
x a n th a rc h a

o w n  o b se rv a tio n  [b red  in c a p tiv ity ]

M im o sa c e a e A c a c ia  m e la n o x y lo n N a ta x a
fla v e sc e n s

B erg  1982;
C o u p a r  &  C o u p a r  1992

M im o sa c e a e A c a c ia  sp . (p ro b . 
p e n n in e rv is )

A n th e la
rep le ta

A N IC  c a rd  [N S W , 13 m is  SE  
B ra id w o o d  (N o . 2 0 /1 9 5 7 )]

M im o sa c e a e A c a c ia  p y c n a n th a A n th e la  n. sp. 
n ea r re p le ta

M c F a r la n d  1979

M im o sa c e a e A c a c ia  p y c n a n th a A n th e la
n ib e o la

H e rb iso n -E v a n s  &  C ro ss le y

M im o sa c e a e A c a c ia  p y c n a n th a A n th e la
x a n th a rc h a

M c F a r la n d  1979 [b red , p ro b a b ly  A  
x a n th a r c h a ]

M im o sa c e a e A c a c ia  p y c n a n th a P te ro lo c e ra  
sp . 1 (S A )

M c F a r la n d  1979 [re a d ily  sw itc h e d  to  
fro m  o th e r  p la n ts  in  c a p tiv ity ]

M im o sa c e a e A c a c ia  sa lig n a P te ro lo c e ra
e liza b e th a

A N IC  c a rd  [a t W A , B u llb ro o k , 
1 7 .8 .7 5 , M  v .d .B ., de t. IF B C , 1976]; 
B e rg  1980

M im o sa c e a e A c a c ia  sp p . (b ip in n a te ) C h e le p te iy x
c h a le p te iy x

C o m m o n  1990 [in c a p tiv ity ]; 
C o u p a r  &  C o u p a r  1992; 
H e rb is o n -E v a n s  &  C ro ss le y

M im o sa c e a e A c a c ia  sp p . ( " B ro a d le a f  
W a ttle s " )

A n th e la
a s te r ia s

H e rb iso n -E v a n s  &  C ro ss le y

M im o sa c e a e A c a c ia  spp . (" v a rio u s  
b ro a d  le a v e d  w a ttle s" )

A n th e la
n ic o th o e

H e rb is o n -E v a n s  &  C ro ss le y

M im o sa c e a e A c a c ia  spp . A n th e la  a c u ta C o u p a r  &  C o u p a r  1992; 
H e rb iso n -E v a n s  &  C ro ss le y

M im o sa c e a e A c a c ia  spp . A n th e la
c o n n e x a

E llio tt &  de  L ittle  1985

M im o sa c e a e A c a c ia  spp . A n th e la  
ex ce lle n s

C o m m o n  1990

M im o sa c e a e A c a c ia  spp . A n th e la  g u e n e i C o m m o n  1990
M im o sa c e a e A c a c ia  spp . A n th e la

n ic o th o e
H a d lin g to n  1963;
M o o re  1 9 6 3 a , b;
E llio tt &  d e  L ittle  1985; 
C o u p a r  &  C o u p a r  1992

M im o sa c e a e A c a c ia  spp . A n th e la
re p le ta

C o m m o n  1990

M im o sa c e a e A c a c ia  spp . P te ro lo c e ra
iso g a m a

M c G a u ra n  1951; 
H O S T S

M im o sa c e a e A c a c ia  sp A n th e la
p o s tic a

V J R o b in so n  c a rd  [as A  ca llic e s ta ] \  
H O S T S

M im o sa c e a e A c a c ia  sp. A n th e la
a sc isce n s

H O S T S

M im o sa c e a e A c a c ia  sp . A n th e la
e x ce lle n s

V J R o b in so n  ca rd ;
H O S T S ;
H e rb iso n -E v a n s  &  C ro ss le y

M im o sa c e a e A c a c ia  sp . A n th e la  g u e n e i V J R o b in so n  ca rd ; 
H O S T S

M im o sa c e a e A c a c ia  sp. A n th e la
n ic o th o e

V J R o b in so n  ca rd ; 
H O S T S

M im o sa c e a e A c a c ia  sp . A n th e la
rep le ta

V J R o b in so n  ca rd ; 
H O S T S

M im o sa c e a e A c a c ia  sp . A n th e la
s ty g ia n a

H O S T S  [as A  m a g n ific a ]

M im o sa c e a e A c a c ia  sp. A n th e la  v a r ia V J R o b in so n  ca rd
M im o sa c e a e A c a c ia  sp. A n th e la

x a n th a rc h a
C o m m o n  1990; 
H O S T S
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h o st p la n t  
fa m ily

h o st p la n t  sp e c ie s a n th e lid  so u r c e
sp ec ie s

M im o sa c e a e Acacia  sp. Chelepteiyx  C o m m o n  1963;
chalepteryx  V J R o b in so n  ca rd ;

H O S T S
M im o sa c e a e Acacia  sp. Chenuala  V J R o b in so n  ca rd ;

heliaspis H O S T S ;
H e rb is o n -E v a n s  &  C ro ss le y

M im o sa c e a e A c a c ia  sp. N ataxa  V J R o b in so n  c a rd C o m m o n  1963,
flavescens  1 9 9 0 H O S T S H e rb iso n -E v a n s  &

C ro ss le y
M y rta c e a e Angophora costata Chelepteryx R a m ire z  1978

coll es i
M y rta c e a e Angophora  spp . Chelepteiyx  H e rb is o n -E v a n s  &  C ro ss le y

collesi
M y rta c e a e Corymbia torelliana Anthela  H e rb is o n -E v a n s  &  C ro ss le y

canescens
M y rta c e a e Eucalyptus am ygdalina Anthela sp. B a sh fo rd  1990

(T A S )
M y r ta c e a e Eucalyptus andreana Chelepteiyx  V J R o b in so n  ca rd

collesi
M y rta c e a e Eucalyptus blakelyi Anthela varia A N 1C  c a rd  [A C T , C a n b e rra , N JR

M itc h e ll (d e t. E D E ), N o . 4 4 /1 9 7 1 ] ; 
L a n d sb e rg  1988

M y r ta c e a e Eucalyptus botryoides Chelepteiyx  R a m ire z  1978
collesi

M y rta c e a e Eucalyptus
cam aldulensis

Anthela  V J R o b in so n  ca rd
excellens

M y rta c e a e Eucalyptus capitellata Chelepteiyx  R a m ire z  1978
collesi

M y rta c e a e Eucalyptus coiym bosa Chelepteiyx  S tra n d  1925
collesi

M y rta c e a e Eucalyptus fastigata Anthela varia  V J R o b in so n  ca rd
M y rta c e a e Eucalyptus globoidea Chelepteiyx  L ee  1975;

collesi R a m ire z  1978
M y rta c e a e Eucalyptus

haemastoma
Chelepteiyx  F ro g g a tt 1923;
collesi H a d lin g to n  1969;

M c M a u g h  1985
M y r ta c e a e Eucalyptus 

haemastoma  /  
racemosa  /
sclerophvlla  (" S c rib b ly  
G u m ")

Chelepteiyx  A n o n y m o u s  1941
collesi

M y rta c e a e Eucalyptus leucoxylon Anthela varia E d w a rd s  &  W a n ju ra  1989
M y r ta c e a e Eucalyptus

macrorhvncha
Cheleptervx A N IC  c a rd  [A C T , C a n b e rra  (N o .
collesi ’ 4 7 /1 9 5 6 ) ] ;

S o u th c o tt 1978
M y r ta c e a e Eucalyptus m annifera  

maculosa
Chelepteiyx  S o u th c o tt 1978;
collesi o w n  o b se rv a tio n  [f ie ld  o b se rv a tio n ,

n u m e ro u s  c a te rp illa rs  c o m p le tin g  
lifecy c le ]

M y r ta c e a e Eucalyptus obliqua Anthela  A N IC  c a rd  [Anthela sp . n e a r  A.
nicothoe nicothoe  d e fo lia tin g  tre e s  at T A S , N ew

N o rfo lk , 1 8 .1 .7 8 , H . E llio tt (em g  
2 0 .2 .7 8 ; d e t. 1FB C , 1978)]

M y r ta c e a e Eucalyptus obliqua Anthela sp. B a sh fo rd  1990
(T A S )

M y r ta c e a e Eucalyptus obliqua Chenuala  C o u p a r  &  C o u p a r  1992
heliaspis
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h o s t  p la n t  
fa m ily

h o st  p la n t  sp e c ie s a n th e l id
s p e c ie s

so u r c e

M y rta c e a e E u c a ly p tu s  p a u c i f lo r a C h e n u a la
h e lia sp is

A N 1C  ca rd  [A C T , M t. G in g e ra , F eb . 
1957, IF B C  (N o . 8 /1 9 5 7 )];
C o m m o n  1990;
C o u p a r  &  C o u p a r  1992;
o w n  o b se rv a tio n  [b red  in  cap tiv ity ]

M y rta c e a e E u c a ly p tu s  p ip e r i ta C h e le p te ry x
c o lle s i

R a m ire z  1978

M y rta c e a e E u c a ly p tu s  ro b u s ta A n th e la  a c u ta B e u te n m ü lle r  1891
M y rta c e a e E u c a ly p tu s  ro ss ii C h e le p te iy x

c o lle s i
A N 1C  c a rd  [A C T , C a n b e rra  (N o. 
4 7 /1 9 5 6 )]

M y rta c e a e E u c a ly p tu s  s id e ro x y lo n C h e le p te iy x
c o lle s i

R a m ire z  1978

M y rta c e a e E u c a ly p tu s  s te llu la ta C h e le p te ry x
c o lle s i

G le n n  C o c k in g  (A N 1C , p e rs . co m m .) 
[f ie ld  o b se rv a tio n ]

M y rta c e a e E u c a ly p tu s  v im in a lis A n th e la  sp . 
(N S W , A C T )

C h ish o lm  1923; 
R iek  1962

M y rta c e a e E u c a ly p tu s  v im in a lis C h e le p te ry x
c o lle s i

C h ish o lm  1923

M y rta c e a e E u c a ly p tu s  spp .
(" W h ite -s te m m e d
G u m "

C h e le p te ry x
c o lle s i

A n o n y m o u s  1941

M y rta c e a e E u c a ly p tu s  sp p . (a n d  
less  f re q u e n tly  m an y  
o th e r  p la n ts )

A n th e la  a c u ta l l l id g e  1913

M y rta c e a e E u c a ly p tu s  spp . A n th e la
c a n e sc e n s

o w n  o b se rv a tio n  [b red  in  cap tiv ity ]

M y rta c e a e E u c a ly p tu s  spp . A n th e la  v a r ia S co tt 1893 [as A  h a m a ta ];
S tra n d  1925 [as A  h a m a ta ];
T e a k le  1969;
C o m m o n  1990;
H e rb iso n -E v a n s  &  C ro ss le y ; 
o w n  o b se rv a tio n  [b red  in  c a p tiv ity ]

M y rta c e a e E u c a ly p tu s  spp . C h e le p te ry x
c o lle s i

S co tt 1864;
P a lm e r 1885;
M c C o y  1890;
C o m m o n  1963 , 1970, 1990 ; 
H e rb iso n -E v a n s  &  C ro ss le y

M y rta c e a e E u c a ly p tu s  spp . C h e n u a la
h e lia sp is

S c o tt 1 8 9 3 C o m m o n  1970, 
1 9 9 0 H e rb iso n -E v a n s  &  C ro ss le y

M y rta c e a e E u c a ly p tu s  sp . ("B o x  
G u m ")

C h e le p te ry x
c o lle s i

F a n n in g  1913

M y rta c e a e E u c a ly p tu s  sp C h e n u a la
h e lia sp is

M o o re  1 9 6 3 a , b; 
H O S T S

M y rta c e a e E u c a ly p tu s  sp. A n th e la
e x c e lle n s

V J R o b in so n  c a rd

M y rta c e a e E u c a ly p tu s  sp . A n th e la
ru b ic u n d a

L o w e r 1903 [q u o te d  G . B a rn a rd ]

M y rta c e a e E u c a ly p tu s  sp . A n th e la  sp.
(Q L D ,
B risb a n e )

C h ew

M y rta c e a e E u c a ly p tu s  sp. A n th e la  va r ia V J R o b in so n  ca rd ; 
M o n te ith  1995; 
C h ew ;
H O S T S

M y rta c e a e E u c a ly p tu s  sp . C h e le p te ry x
c h a le p te ry x

G a lla rd  1931

M y rta c e a e E u c a ly p tu s  sp . C h e le p te ry x
c o lle s i

H O S T S
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h o s t  p la n t  
fa m ily

h o s t  p la n t  s p e c ie s a n th e l id
s p e c ie s

s o u r c e

M y rta c e a e Eucalyptus sp . Nataxa
flavescens

V J R o b in so n  ca rd

M y rta c e a e Lophostem on confertus Chelepteryx 
coll es i

M c M a u g h  1985; 
H e rb iso n -E v a n s  &  C ro ss le y

M y rta c e a e M elaleuca
quinqueneixia

Chelepteryx
collesi

H e rb is o n -E v a n s  &  C ro ss le y

M y rta c e a e Tristania conferta Chelepteryx
collesi

R a m ire z  1978

P in a c e a e Pinus engelm annii Chenuala
heliaspis

M o o re  1963a, b; 
H O S T S

P in a c e a e Pinus patula Ant he la 
ekeikei

R o b e rts  1987; 
H O S T S

P in a c e a e Pinus patula Chenuala
heliaspis

M o o re  196 3 a , b; 
H O S T S

P in a c e a e Pinus radiata An the la 
excellens

M o o re  1963a, b; 
H O S T S

P in a c e a e Pinus radiata Ant he!a 
nicothoe

H a d lin g to n  1963; 
M o o re  196 3 a , b; 
C o m m o n  1970, 1990; 
C a m p b e ll 1972; 
H O S T S

P in a c e a e Pinus radiata An the! a 
ocellata

M o o re  1963a, b; 
H O S T S

P in a c e a e Pinus radiata Anthela  sp. 
(T A S )

B a sh fo rd  1990

P in a c e a e Pinus radiata Chelepteryx
chalepteryx

M o o re  1963a, b; 
H O S T S

P in a c e a e Pinus radiata Chenuala
heliaspis

M o o re  1963a, b;
A N IC  c a rd  [n r B la y n e y  (d e t. IF B C  
I9 6 0 ) ] ;
C o m m o n  1970, 1990;
H O S T S

P in a c e a e Pinus radiata Anthela
connexa

E llio tt &  d e  L ittle  1985; 
B a sh fo rd  1990

P in a c e a e Pinus radiata Anthela varia M o o re  196 3 a , b
P in a c e a e Pinus spp . Anthela

nicothoe
C o u p a r  &  C o u p a r  1992

P in a c e a e Pinus  spp . Chelepteryx
chalepteryx

C o u p a r  &  C o u p a r  1992; 
H e rb iso n -E v a n s  &  C ro ss le y

P in a c e a e Pinus  spp . Chenuala
heliaspis

C o u p a r  &  C o u p a r  1992

P in a c e a e Pinus  sp . Anthela  sp. 
(T A S )

H a rd y  e ta l.  1979

P in a c e a e Pinus  sp . Chenuala
heliaspis

H O S T S ;
H e rb is o n -E v a n s  &  C ro ss le y

P it to s p o ra c e a e Pittosporum  sp. Chelepteryx
collesi

L ee  1975

P o a c e a e Axonopus affinis Anthela
ocellata

M o o re  1963b

P o a c e a e Boronia  sp. Pterolocera  
sp. 4  (T A S )

M a rty n  1974  [as Pterolocera  
amplicornis]

P o a c e a e Brom us arenaria Anthela
euryphrica

T u rn e r  1936

P o a c e a e Cynodon dactylon Anthela
ocellata

M o o re  1963b
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h o st p la n t  
fa m ily

h o st p la n t sp e c ie s a n th e lid
sp e c ie s

so u rce

P o a c e a e Cynodon dacty’lon Anthela
oressarcha

V J R o b in so n  ca rd  [L I fro m  fem a le  ex  
"T h e  L o n g  P la in "  n e a r  K ia n d ra  
a c c e p te d  "T u rfg ra ss" , 
"B e rm u d a g ra ss " , " P a rra m a tta  G rass" ]

P o a c e a e Danthcmia spicata Pterolocera  
sp. (V IC )

H e rb is o n -E v a n s  &  C ro ss le y  [as 
Pterolocera am plicom is\

P o a c e a e Ehrharta erecta Anthela
ocellata

C o u p a r  &  C o u p a r  1992; 
H e rb is o n -E v a n s  &  C ro ss le y

P o a c e a e Holcus lanatus Pterolocera 
sp. 4  (T A S )

M a rty n  1974 [as Pterolocera  
am plicom is]

P o a c e a e H ordeum  leporinum Anthela
euryphrica

A N IC  c a rd  [ lab e l d a ta  o n  sp e c im e n  
f ro m  N S W , M u rru ru n d i, r e a re d  by  
M id d le to n , 2 6 .5 .3 4 , C S IR O : "F a iry  
G ra ss"  &  "B a rle y  G rass" ]

P o a c e a e Loliw n perenne Anthela
ocellata

M c Q u illa n  &  F o rre s t 1985

P o a c e a e Lolium  perenne Pterolocera  
sp. 4  (T A S )

M a rty n  1974  [as Pterolocera  
am plicom is ]

P o a c e a e Pennisetwn
clandestinum

Anthela
ferruginosa

V J R o b in so n  c a rd

P o a c e a e Phalaris aquatica Pterolocera
elizabetha

A N IC  c a rd  [W A , 4 m ls  E  P in ja rra , 
A u g . 1968 , M .A .M a h o n  (" L a rv a e  fed  
e x p o se d  on  le a v e s  an d  w h e n  su p p ly  
w as e x h a u s te d  fed  re a d ily  on  "P h a la r is  
G ra ss" , p ...ic  an d  rye  g ra s se s  
(8 8 /1 9 6 5 )" ) ]

P o a c e a e Poa bid bos a Pterolocera  
sp. 5 (S A )

[M c F a rla n d  1979 [o c c a s io n a lly , as 
Pterolocera  sp . n e a r  am plicom is]

P o a c e a e Poa  sp. Anthela
oressarcha

V J R o b in so n  c a rd  [leav es  a n d  y o u n g  
sp ik e s  o f  "sn o w g ra s s"  Poa  sp .]

P o a c e a e Poa  sp . (" S n o w g ra s s" ) Pterolocera  
sp. ("m o u n ta in  
fo rm ")

VJ R o b in so n  c a rd

P o a c e a e Saccharum officinarum Anthela acuta H O S T S
P o a c e a e Sporobolus indicus Anthela

oressarcha
V J R o b in so n  ca rd  [L I f ro m  fe m a le  ex  
"T h e  L o n g  P la in "  n e a r  K ia n d ra  
a c c e p te d  "T u rfg ra ss" , 
"B e rm u d a g ra ss " , "P a r ra m a tta  G rass" ]

P o a c e a e Sporobolus caroli Anthela
euryphrica

A N IC  c a rd  [ la b e l d a ta  on  sp e c im e n  
fro m  N S W , M u rru ru n d i, r e a re d  by  
M id d le to n , 2 6 .5 .3 4 , C S IR O : "F airy  
G ra ss"  &  "B a rle y  G rass" ]

P o a c e a e Stenotaphrum
secundatum

Anthela
ferruginosa

V J R o b in so n  c a rd

P o a c e a e Themeda triandra Anthela
ocellata

o w n  o b se rv a tio n  [f ie ld  o b se rv a tio n ; 
c o m p le te d  life  cy c le  on  in tro d u c e d  
g ra s se s  in c a p tiv ity ]

P o a c e a e Triodia irritans Pterolocera  
sp . (N S W , 
C o b a r  a rea )

V J R o b in so n  c a rd

P o a c e a e Triticum aestivum Anthela
euryphrica

H e rb is o n -E v a n s  &  C ro ss le y

P o a c e a e Triticum  sp . ("w h ea t" ) Anthela
euryphrica

C o m m o n  1990

P o a c e a e Triticum  sp. ("w h e a t" ) Anthela
ocellata

A N IC  c a rd  [" p u b lish e d  re c o rd " ]

P o a c e a e to u g h , w iry  p e re n n ia l 
b u n c h -g ra sse s

Pterolocera  
sp. 1 (S A )

M c F a r la n d  1979
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h ost p la n t  
fa m ily

h ost  p la n t  sp e c ie s a n th e l id  s o u r c e
s p e c ie s

P o aceae g ra s se s  (so ft, 
in tro d u c e d  sp e c ie s )

A n th e l a  a d d i ta  o w n  o b se rv a tio n  [b re d  in c a p tiv ity ]

P o aceae g ra s se s  (so ft, 
in tro d u c e d  sp e c ie s )

A n th e l a  o w n  o b se rv a tio n  [b re d  in c a p tiv ity ]
f e r r u g in o s a

P o aceae m ix ed  law n  g ra sse s A n th e l a  M c F a r la n d  1979;
o c e l /a ta  o w n  o b se rv a tio n  [b re d  in c a p tiv ity ]

P o aceae n a tiv e  g ra ss  p a s tu re s P te r o lo c e r a  D ay  e t  a l .  1953 [as P te r o lo c e r a
sp. (A C T ) a n ip l i c o r n i s ]

P o aceae n a tiv e  g ra sse s A n th e l a  o w n  o b se rv a tio n  [b red  in  c a p tiv ity , b u t
c n e c ia s  d ie d  in  f in a l in s ta r]

P o aceae n a tiv e  g ra sse s A n th e l a  o w n  o b se rv a tio n  [b red  in c a p tiv ity , b u t
o r e s s a r c h a  d ied  in L 3]

P o a c e a e n a tiv e  g ra sse s P te r o lo c e r a  A N IC  c a rd  [A C T , C a n b e rra , O c t.
sp. (A C T , 1958 , em g . F eb . 195 9 , N o . 2 3 /1 9 5 8 ] ;
C a n b e rra )  o w n  o b se rv a tio n  [b re d  in c a p tiv ity ]

P o aceae n a tiv e  p a s tu re s P te r o lo c e r a  E d w a rd s  &  F a ire y  1996

spp-
P o aceae n a tu ra liz e d  (a n n u a l)  a n d  

(p e re n n ia l)  n a tiv e  
g ra sse s

P te r o lo c e r a  M c F a r la n d  1979  [p a r tic u la r ly , as
sp. 5 (S A ) P te r o lo c e r a  sp . n e a r  a n ip l i c o r n i s ]

P o a c e a e n a tu ra liz e d  an d  n a tiv e  
g ra s se s  (esp . "so ft"  
an n u a l sp p .)

A n th e l a  n a tu ra liz e d  a n d  n a tiv e  g ra s se s  (esp .
d e n t i c id a ta  " so ft"  a n n u a l sp p .)  [M c F a rla n d  1979]

P o aceae p a s tu re s A n th e l a  L e a c h  1952
o c e l la ta

P o aceae p a s tu re s P te r o lo c e r a  M a rty n  e t al. 197 2 , 1975 , 1977 [as
sp. (T A S ) P te r o lo c e r a  a m p l ic o r n i s \ ,

T e ra u d s  e / a / .  1985 [as P te r o lo c e r a  
a n ip l i c o r n i s ]

P o aceae p a s tu re s P te r o lo c e r a  H a rd y  e t  a l. 1980  [as P te r o lo c e r a
sp . (T A S ) a n ip l i c o r n i s ]

P o aceae v a rio u s  n a tu ra liz e d  
an n u a l g ra sse s

A n th e l a  M c F a r la n d  1979
o c e l la ta

P o aceae v a rio u s  n a tiv e  g ra s se s A n th e l a  M o o re  196 3 b
o c e l la ta

P o aceae v a rio u s  g ra sse s A n th e l a  H e rb is o n -E v a n s  &  C ro ss le y
b a s ig e r a

P o a c e a e v a rio u s  g ra sse s A n th e l a  H e rb is o n -E v a n s  &  C ro ss le y
d e n t i c id a ta

P o aceae v a rio u s  g ra s se s A n th e l a  F re n c h  1911;
o c e l la ta  B re w s te r  e t al. 1920 ;

V J R o b in so n  c a rd ;
A N IC  c a rd  [C a n b e rra , N o . 2 6 /1 9 5 6 ] ; 
C o m m o n  1963 , 1990;
M c Q u il la n  &  F o rre s t 1985

P o aceae v a rio u s  g ra sse s A n th e l a  H e rb is o n -E v a n s  &  C ro ss le y
o r e s s a r c h a

P o aceae v a rio u s  g ra sse s P te r o lo c e r a  sp . E v a n s  1943 [as P te r o lo c e r a
a n i p l i c o r n i s ^ }  R o b in so n  c a rd  [as 
P te r o lo c e r a  a n ip l i c o r n i s ]

P o aceae ^ g ra s s e s  (a n y  so f t sp .) A n th e l a  a c u ta  H a in e s  1963
P o aceae g ra sse s A n th e l a  a c u ta  V J R o b in so n  c a rd ;

H e rb is o n -E v a n s  &  C ro ss le y
P o aceae g ra sse s A n th e l a  M c Q u illa n  &  F o rre s t  1985

b a s ig e r a
P o aceae g ra sse s A n th e l a  C o m m o n  1990

d e n t i c id a t a

-  580 -



h o s t  p la n t  
fa m ily

h o st  p la n t  sp ec ies a n th e l id
sp e c ie s

so u r c e

P o a c e a e g ra s s e s Anthela
eunp h rica

C o m m o n  1 9 9 0

P o a c e a e g ra s s e s Anthela
ferruginosa

C o m m o n  1 9 9 0

P o a c e a e g ra s s e s C helepteiyx
chaleptervx

G a lla r d  1931  [o c c a s io n a l ly ]

P o a c e a e g ra s s e s Pterolocera  sp . C o m m o n  1 9 9 0

P o a c e a e g ra s s e s Pterolocera  
sp . 3 (W A )

M c F a r la n d  1 9 7 9

P o a c e a e g ra s s Anthela  
dent icu lata

A n d e r s o n  1 8 9 2 ; H O S T S

P o a c e a e g ra s s Anthela
ew yphrica

H O S T S

P o a c e a e g ra s s Anthela
ferruginosa

H O S T S ;
H e rb is o n - E v a n s  &  C ro s s le y

P o a c e a e g ra s s Anthela
ocellata

H O S T S

P o a c e a e g ra s s Anthela
oressarcha

C o m m o n  1 9 9 0  [b r e d  in  c a p t iv i ty ] ;  

H O S T S
P o a c e a e g ra s s Anthela ostra H O S T S
P o a c e a e g ra s s Pterolocera  sp . A n d e r s o n  1 8 9 2  [as  Pterolocera  

amplicornis]',
C o m m o n  1 9 6 3 , 1 9 7 0  [a s  Pterolocera  
amplicornis];
H O S T S  [a s  Pterolocera am plicornis]

[P o a c e a e ] c ro p s Anthela
denticulata

E d w a r d s  &  F a ir e y  1 9 9 6

[ P o a c e a e ] c r o p s Anthela
eunphrica

E d w a r d s  &  F a ir e y  1 9 9 6

[ P o a c e a e ] c ro p s Anthela ostra E d w a r d s  &  F a ir e y  1 9 9 6
P r o te a c e a e Banksia m arginata Pterolocera  

sp . 2  (W A )
M c F a r la n d  1 9 7 9  [ a c c e p te d  in  
c a p t iv i ty ]

P r o te a c e a e Banksia sphaerocarpa Pterolocera  
sp . 2 (W A )

M c F a r la n d  1 9 7 9

P r o te a c e a e Banksia  s p p . Pterolocera  
sp. (WA)

o w n  o b s e r v a t io n  [ f ie ld  o b s e r v a t io n ;  
fo u n d  o n  Banksia  s p .,  c o m p le te d  life  
c y c le  o n  v a r io u s  Banksia  s p p . in 
c a p t iv i ty ]

P r o t e a c e a e Grevillea  sp . Anthela varia H e r b is o n - E v a n s  &  C ro s s le y
P r o te a c e a e Hakea (l)m uelleriana Pterolocera  

sp . 1 (S A )
M c F a r la n d  1 9 7 9

P r o te a c e a e Hakea rostrata Pterolocera  
sp . 1 (S A )

M c F a r la n d  1 9 7 9

P r o te a c e a e Hakea sericea Anthela acuta  
(? )

M o o r e  1 9 6 4

P r o te a c e a e M acadamia integrifolia Anthela varia H e r b is o n - E v a n s  &  C ro s s le y
P r o t e a c e a e M acadamia tetraphylla Anthela varia T e a k le  1 9 6 9 ; 

H O S T S
P ro te a c e a e M acadamia  sp . Anthela varia I r o n s id e  1 9 7 3 , 1 9 8 0 , 1 9 8 1 , 1 995
P ro te a c e a e Stenocarpus  sp . Anthela varia H e r b is o n - E v a n s  &  C ro s s le y

P r o t e a c e a e Xylom elum  pyriform  e Chelepteryx
collesi

C h is h o lm  1 9 2 5

R o s a c e a e Primus armeniaca Anthela varia T e a k le  1 9 6 9

S a l ic a c e a e Salix  sp . Anthela varia C o m m o n  1 9 9 0 ; 

H O S T S
S a n ta la c e a e Choretrum candollei Chelepteryx

chaleptervx
C o m m o n  1 9 9 0 ;
C o u p a r  &  C o u p a r  1 9 9 2 ; 

H e r b is o n - E v a n s  &  C ro s s le y
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h ost p la n t h o st p la n t  sp ec ie s a n th e lid so u rce
fam ily sp e c ie s

S an ta laceae Choretrum spicatum Pterolocera  
sp . 1 (S A )

M c F a r la n d  1979

S an ta laceae Choretrum  sp. C heleptetyx
chaleptetyx

H O S T S

S an ta laceae Exocarpos
cupressiformis

C heleptetyx
cha/epteryx

C o m m o n  1990;
C o u p a r  &  C o u p a r  1992; 
H e rb is o n -E v a n s  &  C ro ss ley ; 
o w n  o b se rv a tio n  [b red  in c a p tiv ity , 
c a te rp il la rs  d ie d  in  L 2 /L 3 ]

S an ta laceae Exocarpos  sp. Cheleptetyx
chaleptetyx

A N 1C  c a rd  [V IC , R ed  H ill (D .R . 
H o lm e s  p e rs . co m m .)];
H O S T S

S an ta laceae Exocarpos  sp. Nataxa
flavescens

V J R o b in so n  c a rd

S ap in d ace ae (? )  Atalaya hemiglauca A n the! a varia A N IC  c a rd  [n ea r L o n g re a c h  so m e  fra ss  
a p p a re n tly  k ille d  o u tr ig h t (Q . D ep . 
A g ric . E n t.): "W h itew o o d "]

S o lan ace ae Solanum cunninghamii An the!a 
callixantha

A N IC  sp e c im e n  lab e l [c a te rp illa rs  
fo u n d  on  S. cunninghamii]

S o lan aceae Solanum ellipticum Anthela
callixantha

A N IC  sp e c im e n  lab e l [c a te rp illa rs  
fo u n d  o n  S. ellipticum , b re d  on  S. 
elaeagnifolium]

X a n th o rrh o e a c e
ae

Xanthorrhoea preissii Pterolocera
elizabetha

A N IC  c a rd  [W A , 4 m ls  E P in ja rra , 
A u g . 196 8 , M .A .M a h o n  ("L a rv a e  fed  
e x p o se d  o n  leav e s  an d  w h en  su p p ly  
w a s  e x h a u s te d  fed  re a d ily  on  " P h a la r is  
G ra ss" , p ...ic  an d  ry e  g ra sse s  
(8 8 /1 9 6 5 )" ) ]

lo w -g ro w in g  sh ru b s Pterolocera  sp. C o m m o n  1990
w o o d y  sh ru b s Pterolocera  

sp . 1 (S A )
M c F a r la n d  1979

v a rio u s  g a rd e n  p lan ts Pterolocera  
sp . (T A S )

T e ra u d s  et al. 1986 [as Pterolocera  
am plicom is]
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APPENDIX D

PARASITOIDS OF ANTHELIDAE

p a r a s ito id  fa m ily p a ra s ito id
sp ec ie s

a n th e lid  h o st sp e c ie s so u rce

H y m e n o p te ra :
Ic h n e u m o n id a e

R h y ss a  s e m ip u n c ta ta A n th e la  d e n tic u la ta  [p u p a ] F ro g g a tt 1910

H y m e n o p te ra :
Ic h n e u m o n id a e

E c h tro m o r p h a  
in tr ic a to r ia  [as 
P h n p la  in tr ic a to r ia ]

A n t h e  la  d e n tic u la ta  [p u p a ] F ro g g a tt 1910

H y m e n o p te ra :
Ic h n e u m o n id a e

T h ero n ia
tu b e rc u lic o llis

A n th e la  n i c o t  h o e  [p u p a] M o o re  1963b

H y m e n o p te ra :
Ic h n e u m o n id a e

L is so p im p la  sp. A n th e la  n ic o th o e  [p u p a] M o o re  1963b

H y m e n o p te ra :
Ic h n e u m o n id a e

E c h th ro m o r p h a
in tr ic a to r ia

A n th e la  v a r ia  [p u p a] M o o re  1963b

H y m e n o p te ra :
Ic h n e u m o n id a e

G o tra  g ilb e r ti A n th e la  v a r ia  [p u p a] M o o re  1963b

H y m e n o p te ra :
Ic h n e u m o n id a e

C y a n o x o r id e s  sp. A n th e la  v a r ia  [p u p a] M o o re  1963b

H y m e n o p te ra :
Ic h n e u m o n id a e

N e te lia  p r o d u c ta C h e le p te iy x  c o lle s i  [p u p a ] R a m ire z  1978

H y m e n o p te ra :
Ic h n e u m o n id a e

E n ic o sp ilu s  sp. A n th e la  sp . [p u p a] R iek  1962

H y m e n o p te ra :
B ra c o n id a e

A p a n te le s  sp. A n th e la  sp . [p u p a] R iek  1962

H y m e n o p te ra :
B ra c o n id a e

- A n th e la  a c u ta C o u p a r  &  C o u p a r  1992

H y m e n o p te ra :
C h a lc id o id e a

P te ro m a lid a e  sp. C h e le p te ry x  c o lle s i  [eg g ] R a m ire z  1978

D ip te ra : T a c h in id a e - A n th e la  e x c e l le n s  [c a te rp illa r] M o o re  1963b

D ip te ra : S a rc o p h a g id a e T a y lo r im y ia  io ta A n th e la  n ic o th o e  [p u p a] M o o re  1963b

D ip te ra : C h lo ro p id a e L io sc in e lla
a u s tra lie n s is

C h e le p te iy x  c o lle s i S p e n c e r  1978

D ip te ra - A n th e la  e u ry p h r ic a T u rn e r  1936

A c a rin a : E ry th ra e id a e C h a r le to n ia  fe id e r i P te ro lo c e ra  sp . [y o u n g e r  
C aterp illar]

M c F a r la n d  1979

A c a rin a : E ry th ra e id a e L e p tu s  c h a r o n A n th e la  sp . [c a te rp illa r] S o u th c o tt 1993

A c a rin a - A n th e la  sp . [c a te rp illa r] C o u p a r  &  C o u p a r  1992

n u c le a r -p o ly h e d ro s is
v iru s

"B o rre lin a  a n th e lu s" P te ro lo c e ra  a m p lic o rn is  
[s /c!] [c a te rp illa r]

D ay  e t al. 1953

n u c le a r -p o ly h e d ro s is
v iru s

[u n n am ed  n ew  v irus] A n th e la  v a r ia  [c a te rp illa r ] T e a k le  1969
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A P P E N D IX  E:

COLLECTING LOCALITIES & DATES

# c o lle c t in g  lo c a lity , d a te  an d  lig h t  so u r c e

120
3 5 °  19' 11.1 "S 14 8 ° 5 1 '3 2 .0 "E , A U S T R A L IA , A C T , B r in d a b e lla  R d  n r  C o n d o r  C k , 1. M A R  2 0 0 2 , 
M V -la m p

121
3 5 °2 0 '4 0 .5 "S  1 4 8 °4 9 '2 3 .8 "E , A U S T R A L IA , A C T , N a m a d g i N P , 2 .7 k m  N E  P ic c a d illy  C ircu s , 7. 
M A R  2 0 0 2 , M V -la m p

122
3 5 °2 0 '3 3 .8 "S  1 4 8 °4 9 '3 2 .7 "E , A U S T R A L IA , A C T , N a m a d g i N P , 3 k m  N E  P ic c a d illy  C irc u s , 10. 
M A R  2 0 0 2 , M V -la m p

125
3 5 ° 2 8 .4 0 5 'S  1 4 8 °4 6 .1 4 8 'E , A U S T R A L IA , A C T , N a m a d g i N P , M t. A g g ie , 1400m , 17. M A R  
2 0 0 2 , M V -lam p

126
3 5 ° 3 1 .5 9 7 'S  1 4 8 °4 6 .7 4 3 'E , A U S T R A L IA , A C T , N a m a d g i N P , M t. G in in i, 165 0 m , 18. M A R  
2 0 0 2 , M V -la m p

127
2 8 °  1 1 .590 'S  153° 1 1 .4 0 2 'E , A U S T R A L IA , Q L D , L a m in g to n  N P , B in n a  B u rra , b e llb ird  c le a rin g , 
2 5 .-2 7 . M A R  2 0 0 2 , M V -la m p

128
2 8 °  1 1 .590 'S  153° 1 1 .40 2 'E , A U S T R A L IA , Q L D , L a m in g to n  N P , B in n a  B u rra , b e llb ird  c lea rin g , 
2 5 .-2 7 . M A R  2 0 0 2 , M V -la m p

129
2 8 °0 3 .2 1 8 'S  1 5 2 °2 2 .7 6 8 'E , A U S T R A L IA , Q L D , M a in  R a n g e  N P , C u n n in g h a m 's  G a p , re s t-a re a , 
28 . M A R  2 0 0 2 , M V -la m p

130
2 6 °4 3 .3 7 2 'S  1 5 3 °0 4 .5 6 6 'E , A U S T R A L IA , Q L D , M o o lo o la h  R iv e r N P , h e a th la n d , 29 . M A R  2 0 0 2 , 
M V -la m p

131
2 8 °0 2 .9 5 3 'S  1 5 2 °2 3 .6 8 0 'E , A U S T R A L IA , Q L D , M a in  R a n g e  N P , C u n n in g h a m 's  G a p , ra in fo re s t 
tra c k , 30. M A R  2 0 0 2 , M V -la m p

132
2 8 °0 4 .8 3 8 'S  1 5 2 °2 5 .1 4 7 'E , A U S T R A L IA , Q L D , M a in  R a n g e  N P , S p ic e r 's  G ap , M o ss 's  W e ll, 31 . 
M A R  2 0 0 2 , M V -la m p

133
2 8 °0 3 .2 1 8 'S  1 5 2 °2 2 .7 6 8 'E , A U S T R A L IA , Q L D , M a in  R a n g e  N P , C u n n in g h a m 's  G ap , re s t-a re a , 1. 
A P R  2 0 0 2 , M V -lam p

134
2 5 °4 8 .8 1 5 'S  1 4 8 °1 5 .6 5 8 'E , A U S T R A L IA , Q L D , rd  In ju n e  to  M t. M o ffa t (C a rn a rv o n  N P ) [dry 
s c le ro p h y ll b u sh e s ] , 3. A P R  2 0 0 2 , M V -la m p

135
2 4 °5 9 .3 9 7 'S  1 4 7 °5 8 .4 0 9 'E , A U S T R A L IA , Q L D , C a rn a rv o n  N P , M t. M o ffa t sec t., M a r lo n g  P la in  
[n a tiv e  g rass , C a su a rin a  &  E u c a ly p tu s ] , 4. A P R  2 0 0 2 , M V -la m p

136
2 4 ° 5 9 .3 9 7 ’S 1 4 7 °5 8 .4 0 9 'E , A U S T R A L IA , Q L D , C a rn a rv o n  N P , M t. M o ffa t sec t., w e ll 4 k m  N 
ra n g e rs t. [n a tiv e  g ra ss  &  E u c a ly p tu s] , 5. A P R  2 0 0 2 , M V -la m p

137
2 5 °3 9 .5 0 9 'S  1 4 8 °0 8 .4 9 T E , A U S T R A L IA , Q L D , rd  In ju n e  to  M t. M o ffa t (C a rn a rv o n  N P ) [d ry  
s c le ro p h y ll b u sh e s ] , 6. A P R  2 0 0 2 , M V -la m p

138
2 5 °0 3 .2 8 1 'S  1 4 8 °1 3 .5 9 2 'E , A U S T R A L IA , Q L D , C a rn a rv o n  N P , C . G o rg e , 3 rd  cr. c ro s s in g , 7. 
A P R  2 0 0 2 , M V -la m p

139
2 5 °0 3 .1 3 8 'S  148° 12.81 l 'E ,  A U S T R A L IA , Q L D , C a rn a rv o n  N P , C . G o rg e , 7 th -8 th  cr. c ro s s in g , 8. 
A P R  2 0 0 2 , M V -la m p

140
2 5 °0 3 .1 'S  1 4 8 °1 2 .8 'E , A U S T R A L IA , Q L D , C a rn a rv o n  N P , C . G o rg e , M o ss  G a rd e n , 8. A P R  2 0 0 2 , 
U V -flt lig h ttrap

141
2 3 °2 7 .6 4 8 'S  1 4 8 °0 8 .8 3 1 'E , A U S T R A L IA , Q L D , ~ 1 0 k m  N  E m e ra ld , p o w e rlin e , 9. A P R  2 0 0 2 , 
M V -la m p

142 2 1 °0 8 .7 'S  1 4 8 °2 9 .4 'E , A U S T R A L IA , Q L D , E u n g e lla  N P , D ig g in g s  R d ., 10. A P R  2 0 0 2 , M V -la m p

143
2 1 °0 9 .15 0 'S  1 4 8 °3 0 .1 4 5 'E , A U S T R A L IA , Q L D , E u n g e lla  N P , w a lk in g  track , 11. A P R  2 0 0 2 , M V - 
lam p

144
1 9 °0 0 .5 1 0 'S  1 4 6 °1 2 .9 5 5 'E , A U S T R A L IA , Q L D , P a lu m a  R a n g e  N P , re fo re s t , site  n r  W in d y  
C o m e r , 12. A P R  2 0 0 2 , M V -la m p

145
1 7 °3 5 .9 2 3 'S  1 4 5 °4 5 .5 4 0 'E , A U S T R A L IA , Q L D , P a lm e rs to n  H w y , H e n r ie t ta  C k  c a m p g r ., 3 5 0 m , 
13. A P R  2 0 0 2 , M V -la m p

146
1 7 °2 8 .6 4 5 'S , 1 4 5 °2 2 .1 8 2 'E , A U S T R A L IA , Q L D , o ld  R a v e n s h o e -H e rb e r to n  rd , ~ 5 k m  S 
H e rb e rto n , 9 0 0 m , 14. A P R  2 0 0 2 , M V -la m p

147
1 8 °0 6 .5 4 0 'S  1 4 4 °4 9 .5 3 3 'E , A U S T R A L IA , Q L D , F o rty  M ile s  S c ru b  N P , w a lk in g  tra c k , 7 8 0 m , 15. 
A P R  2 0 0 2 , M V -la m p

148
1 7 °0 0 .5 9 4 'S  1 4 5 °3 4 .9 4 8 'E , A U S T R A L IA , Q L D , D a v ie s  C k  N P , rd  a t fa lls , 6 3 0 m , 16. A P R  2 0 0 2 , 
M V -la m p
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149 16° 14.311 'S  1 4 5 °2 5 .9 5 9 'E , A U S T R A L IA , Q L D . D a in tre e  N P , J in d a lb a , 17. A P R  2 0 0 2 , M V -la m p

151
1 6 °0 3 .7 6 3 'S  1 4 5 °2 7 .7 2 6 'E , A U S T R A L IA , Q L D , D a in tre e  N P , C ap e  T r ib u la tio n , 3 k m  N 
ra n g e rs ta tio n , 18. A P R  2 0 0 2 , M V -la m p

152
1 7 °1 9 .9 0 3 'S  1 4 5 °2 5 .1 2 7 'E , A U S T R A L IA , Q L D , H e rb e rto n , B a ld y  S F ,~ 1 1 0 0 m , 20. A P R  2 0 0 2 , 
M V -lam p

153
1 7 °4 4 .4 6 1 'S  1 4 5 °3 2 .0 1 7 'E , A U S T R A L IA , Q L D , R a v e n sh o e  SF , c le a r in g  at rd  to  T u lly  F a lls , 
~ 8 0 0 m , 21 . A P R  2 0 0 2 , M V -la m p

154 1 6 °3 5 .0 6 0 'S  145° 1 6 .2 1 5 'E , A U S T R A L IA , Q L D , M t. L ew is , ~~900m, 22 . A P R  2 0 0 2 , M V -la m p

155
17° 19 .9 0 3 ’S 1 4 5 °2 5 .1 2 7 'E , A U S T R A L IA , Q L D , H e rb e rto n , B a ld y  S F , ~ 1 1 0 0 m , 23 . A P R  2 0 0 2 , 
M V -lam p

156
19 ° 0 0 .5 10 ’S 1 4 6 °1 2 .9 5 5 'E , A U S T R A L IA , Q L D , P a lu m a  R an g e  N P , re fo re s t, s i te  n r w in d y  c o m e r , 
24 . A P R  2 0 0 2 , M V -la m p

157
2 6 °3 0 .4 8 6 'S  1 4 7 °0 7 .4 4 4 'E , A U S T R A L IA , Q L D , T re g o le  N P  n ea r M o rv e n  [o o lin e , b e la h  o p e n  
fo re s t] , ~ 5 0 0 m , 26. A P R  2 0 0 2 , M V -la m p

158
2 6 °2 0 .1 5 3 'S  1 4 6 °1 7 .7 2 2 'E , A U S T R A L IA , Q L D , ~ 1 0 k m  N C h a rle v ille , d ry  r iv e rb e d  [ta ll 
E u c a ly p tu s , A c a c ia , g ra s s ] , 27 . A P R  2 0 0 2 , M V -la m p ,

159
2 9 °1 4 .8 9 2 'S  1 4 5 °5 1 .4 1 6 'E , A U S T R A L IA , N S W , ~ 1 0 k m  N E n n g o n ia , r id g e  o f  w e ll in 
b u sh /fa rm la n d , 28 . A P R  2 0 0 2 , M V -la m p

160
3 0 °3 0 .1 0 5 'S  1 4 6 °1 7 .1 6 4 'E , A U S T R A L IA , N S W , 2 1 k m  N W  B y ro ck , N ig h tv a le  S ta tio n  [A. a n e u r a  
&  E . p o p u ln e a ], 29 . A P R  2 0 0 2 , M V -la m p

161
162

3 0 ° 4 0 .3 9 6 'S  1 4 6 °2 4 .8 7 2 'E , A U S T R A L IA , N S W , 1 .6 5 k m  SE  B y ro c k , 3. A U G  2 0 0 2 , M V -la m p  
3 0 °3 6 .1 5 7 'S  1 4 6 °2 1 .1 3 2 'E , A U S T R A L IA , N S W , 8 .2 1 k m  N W  B y ro c k , 4. A U G  2 0 0 2 , M V -la m p

163 3 0 ° 4 0 .3 9 6 'S  1 4 6 °2 4 .8 7 2 'E , A U S T R A L IA , N S W , 1 .6 5 k m  SE  B y ro c k , 13. S E P  2 0 0 2 , M V -la m p
164 3 0 °3 6 .1 5 7 'S  1 4 6 °2 1 .1 3 2 'E , A U S T R A L IA , N S W , 8 .2 1km  N W  B y ro c k , 14. S E P  2 0 0 2 , M V -la m p

165
3 5 ° 1 9 T 1 .1 " S  1 4 8 °5 1 '3 2 .0 "E , A U S T R A L IA , A C T , B r in d a b e lla  R d  n r  C o n d o r  C k , 25 . S E P  2 0 0 2 , 
M V -la m p

166
3 8 °3 4 .0 8 5 'S  1 4 3 °4 4 .9 5 5 'E , A U S T R A L IA , V IC , O tw a y  SF , N o o n d a y  T k , 12. O C T  2 0 0 2 , M V - 
lam p

167
3 5 °2 6 .2 7 8 'S  1 4 8 °4 9 .5 8 9 'E , A U S T R A L IA , A C T , N a m a d g i N P , B e n d o ra  R d  n r  B e n d o ra  D am , 
7 5 0 m , 29 . O C T  2 0 0 2 , M V -la m p

168
3 5 °2 1 .3 4 3 'S  1 4 8 °5 0 .1 5 9 'E , A U S T R A L IA , A C T , N a m a d g i N P , B lu n d e lls  C k  R d , 9 0 0 m , 1. N O V  
2 0 0 2 , M V -la m p

169
3 5 °3 1 .5 9 7 'S  1 4 8 °4 6 .7 4 3 'E , A U S T R A L IA , A C T , N am ad g i N P , M t. G in in i, 1 6 5 0 m , 6. N O V  2 0 0 2 , 
M V -la m p

170 34°1 1 .585 'S  1 4 6 °1 5 .8 2 7 'E , A U S T R A L IA , N S W , B in y a  S F , 8. N O V  2 0 0 2 , M V -la m p

171
3 4 °0 5 .3 1 7 'S  1 4 6 °1 2 .4 9 5 'E , A U S T R A L IA , N S W , C o c o p a rra  N P , W o o lsh e d  C k  v a lley , 9. N O V  
2 0 0 2 , M V -la m p

172
3 4 °0 7 .2 4 8 'S  1 4 6 °1 4 .0 7 2 'E , A U S T R A L IA , N S W , C o c o p a rra  N P , M t. B in g a r, 10. N O V  2 0 0 2 , M V - 
lam p

173
3 5 °2 6 .2 7 8 'S  1 4 8 °4 9 .5 8 9 'E , A U S T R A L IA , A C T , N a m a d g i N P , B e n d o ra  R d  n r  B e n d o ra  D am , 
7 5 0 m , 19. N O V  2 0 0 2 , M V -la m p

174
3 6 °2 2 .2 4 9 'S  1 4 8 °2 8 .3 4 9 'E , A U S T R A L IA , N S W , K o sc iu sz k o  N P , S m ig g in  H o le s  v ie . (S E  
G u th e g a ) , 20 . N O V  2 0 0 2 , M V -la m p

175
3 6 °3 1 .5 3 7 'S  148° 1 1 .6 1 6 'E , A U S T R A L IA , N S W , K o sc iu sz k o  N P , L e a th e rb a rre l  C k , 21 . N O V  
2 0 0 2 , M V -la m p

176
3 5 °2 5 .5 0 6 'S  1 4 8 °4 9 .9 5 5 'E , A U S T R A L IA , A C T , N a m a d g i N P , B e n d o ra  R d , 7 5 0 m , 2 6 . N O V  
2 0 0 2 , M V -la m p

177
3 6 °0 2 .7 7 9 'S  1 4 9 °3 2 .1 6 8 'E , A U S T R A L IA , N S W , B a d ja  S w am p  N R  N E  N u m e ra lla , 1 0 4 0 m , 2. 
D E C  2 0 0 2 , M V -la m p

178
3 5 °3 8 .3 0 0 'S  1 5 0 °0 0 .3 7 8 'E , A U S T R A L IA , N S W , M o n g a  N P , rd  to  “ C o rn  T ra il"  b a se , ~ 3 5 0 m , 4 . 
D E C  2 0 0 2 , M V -la m p

179
3 5 °3 1 .5 9 7 'S  1 4 8 °4 6 .7 4 3 'E , A U S T R A L IA , A C T , N a m a d g i N P , M t. G in in i, 1 6 5 0 m , 14. D E C  2 0 0 2 , 
M V -la m p

180
3 5 °3 1 .3 9 1 'S  1 4 8 °4 6 .9 4 5 'E , A U S T R A L IA , A C T , N am ad g i N P , G in in i F la t (sw a m p ), 1 6 0 0 m , 30 . 
D E C  2 0 0 2 , M V -la m p

181 3 5 °4 7 .3 0 0 'S  1 4 8 °4 7 .8 6 5 'E , A U S T R A L IA , N S W , S W  O ld  Y ao u k , 4 . JA N  2 0 0 3 , M V -la m p
182 3 5 °4 7 .3 0 0 'S  1 4 8 °4 7 .8 6 5 'E , A U S T R A L IA , N S W , S W  O ld  Y ao u k , 7. JA N  2 0 0 3 , M V -la m p

183
3 5 °1 1 .7 9 6 'S  1 4 9 °0 7 .8 3 0 'E , A U S T R A L IA , A C T , G u n g a h lin  g ra s s la n d  n r P a lm e rs to n , 20 . F E B  
2 0 0 3 , M V -la m p
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184
3 5 °0 9 .2 3 1 'S  1 4 9 °0 9 .4 0 8 'E , A U S T R A L IA , A C T , M u llig a n 's  F la t N R  N E  G u n g a h lin , 28 . F E B  
2 0 0 3 , M V -lam p

185 3 4 ° 0 8 .7 5 8 'S  1 5 1 °0 1 .8 4 0 'E , A U S T R A L IA , N S W , R o y a l N P , B o la  C k , 4 . M A R  2 0 0 3 , M V -la m p

186
3 5 ° 1 1 .796 'S  1 4 9 °0 7 .8 3 0 'E , A U S T R A L IA , A C T , G u n g a h lin  g ra s s la n d  n r  P a lm e rs to n , 10. M A R  
2 0 0 3 , M V -lam p

2 0 0 -
203

2 °2 7 .9 3 8 'S  3 7 °5 4 .9 8 8 'E , K E N Y A , K ib w ez i, U m an i S p rin g s  C am p , ~ 1 0 5 0 m  asl, 2 2 .-2 7 . M A R  
2 0 0 3 , M V -la m p  &  U V -flt

2 0 4
2 ° 5 2 .3 3 9 'S  3 8 °3 .7 6 8 'E , K E N Y A , T sa v o  W e st N P , s lo p e  ~ 7 k m  N E  C h y u lu  G a te , ~ 9 0 0 m  asl, 28 . 
M A R  2 0 0 3 , U V -flt

205
2 °5 4 .0 0 2 'S  3 7 °3 8 .9 0 0 'E , K E N Y A , rd  T sa v o  W e st N P  to  O lo ito k ito k , r iv e r  b ed , ~ 1 2 0 0 m  asl, 29 . 
M A R  2 0 0 3 , M V -lam p

2 0 6 K E N Y A , A m b o se li N P , c a m p g ro u n d , 30 . M A R  2 0 0 3 , U V -flt

20 7
2 °5 6 .1 2 0 'S  3 7 °3 0 .3 3 9 'E , K E N Y A , O lo ito k ito k , L oi F o re s t (sec . re g ro w th ) , ~ 1 8 0 0 m  asl, 31 . M A R  
2 0 0 3 , M V -la m p

20 8
2 °5 6 .7 2 5 'S  3 7 ° 3 0 .3 5 0 'E , K E N Y A , O lo ito k ito k , L o i F o re s t ( re m n a n ts  o f  p rim , fo re s t) , ~ 1 8 0 0 m  asl, 
1. A P R  2 0 0 3 , M V -la m p  &  U V -flt

2 0 9
3 °2 6 .5 9 9 'S  3 7 ° 3 6 .3 4 8 'E , K E N Y A , T a v e ta , K ito b o  F o re s t, ~ 9 0 0 m  asl, 2. A P R  2 0 0 3 , M V -la m p  &  
U V -flt

21 0
3 °1 9 .8 6 6 'S  3 8 °2 6 .9 1 9 'E , K E N Y A , T a y ta  H ills , M b o lo lo  F o re s t, ~ 1 5 5 0 m  asl, 4 . A P R  2 0 0 3 , M V - 
lam p  &  U V -flt

211
2 1 ° 3 7 ’04 . T 'S  1 1 7 °0 6 ’3 5 .2 "E , A U S T R A L IA , W A , M ills tre a m -C h ic h e s te r  N P , D e e p  R each  
c a m p g rd , 5. M A Y  2 0 0 3 , M V -la m p

212
2 1 °4 0 '3 8 .7 "S  1 1 6 °5 8 '3 0 .4 "E , A U S T R A L IA , W A , 15km  S W  M ills tre a m  ra n g e r  stn , 6. M A Y  2 0 0 3 , 
M V -la m p

213
2 1 °3 5 '4 2 .9 "S  1 1 7 ° 0 4 '0 1 .r 'E ,  A U S T R A L IA , W A , M ills tre a m -C h ic h e s te r  N P , p u m p in g  sta tio n  a t 
ju n c tio n  S n ap p y  G u m  R d  /  P ip e lin e  R d , 7. M A Y  2 0 0 3 , M V -la m p

2 1 4
2 1 °3 4 '3 7 .6 "S  1 1 7 °0 5 '1 1 .8 "E , A U S T R A L IA , W A , M ills tre a m -C h ic h e s te r  N P , F o rte sc u e  R iv e r, 
C ro ss in g  P o o l c a m p g rd . 8. M A Y  2 0 0 3 , M V -lam p

215
2 1 ° 3 4 '4 6 .4 "S  1 1 7 °0 5 '2 9 .9 "E , A U S T R A L IA , W A , M ills tre a m -C h ic h e s te r  N P , P ip e lin e  R d , 6km  
N b y W  ra n g e r  stn , 9. M A Y  2 0 0 3 , M V -lam p

2 1 6
2 1 ° 2 0 '0 0 .0 "S  1 1 7 °1 5 T 8 .2 "E , A U S T R A L IA , W A , M ills tre a m -C h ic h e s te r  N P , B la c k  H ill P o o l, 10. 
M A Y  2 0 0 3 , M V -la m p

2 17
2 1 ° 1 9 '5 7 .7 "S  1 1 7 °1 4 '2 3 .9 "E , A U S T R A L IA , W A , M ills tre a m -C h ic h e s te r  N P , P y th o n  P o o l, 10. 
M A Y  2 0 0 3 , M V -la m p

21 8
2 1 °1 9 '5 7 .7 "S  1 1 7 °1 4 '2 3 .9 "E , A U S T R A L IA , W A , M ills tre a m -C h ic h e s te r  N P , P y th o n  P o o l, 11. 
M A Y  2 0 0 3 , M V -la m p

21 9
2 2 ° 3 3 '5 6 .0 "S  1 1 8 °2 7 T 0 .4 "E , A U S T R A L IA , W A , K a rij in i N P , ju n c t io n  Ju n a  D o w n s  R d  / K a rijin i 
D riv e  (M u lg a ), 13. M A Y  2 0 0 3 , M V -lam p

2 2 0
2 2 °3 5 '4 8 .5 "S  1 1 8 ° 2 7 '0 5 .T 'E , A U S T R A L IA , W A , K a rij in i N P , D ju n a  D o w n s  R d , ~ 2 k m  S R a n g e r  
S tn  (M u lg a ) , 14. M A Y  2 0 0 3 , M V -la m p

221
2 2 °2 5 '0 1 .3 "S  1 1 8 °2 4 ’0 5 .7 "E , A U S T R A L IA , W A , K a rij in i N P , K a la m in a  F a lls , 15. M A Y  2 0 0 3 , 
M V -la m p

222
2 2 ° 3 3 '4 0 .5 "S  1 1 8 °4 3 '0 1 .7 "E , A U S T R A L IA , W A , E o f  K a rij in i N P , F ig  T re e  C ro ss in g , 16. M A Y  
2 0 0 3 , M V -la m p

223
2 2 ° 2 7 '0 1 .2 "S  1 1 8 °2 6 '5 5 .0 "E , A U S T R A L IA , W A , K a rij in i N P , D o u g  F ra n c e s  D riv e  (Jo h n so n  
G o rg e ? ) , 17. M A Y  2 0 0 3 , M V -la m p

2 2 4
2 2 °5 0 '3 1 .3 "S  1 18°31T  1 .2"E , A U S T R A L IA , W A , K a rij in i N P , g o rg e  5 k m  N Ju n a  D o w n s  S tn 
(C a llitr is ) , 18. M A Y  2 0 0 3 , M V -la m p

225
2 2 °1 6 '4 7 .0 "S  1 1 8 °4 4 '4 1 .9 "E , A U S T R A L IA , W A , F o rte sc u e  R iv e r  B a s in  ~ 1 2 k m  N A u sk i R H , 19. 
M A Y  2 0 0 3 , M V -la m p
8 °4 2 '2 3 .7 "N  1 1 7 °3 3 '5 9 .1 "E , P H IL IP P IN E S , P a la w a n , B a ta ra z a , M a lih u d , T a g u rid a , ~ 5 0 0 m  asl, 
25 . JU N  200 3

2 2 6 3 1 °3 9 '4 4 .5 "S  1 2 8 °5 2 '5 5 .4 "E  A U S T R A L IA , W A , E u c la , 29 . O C T  2 0 0 3 , M V -la m p

22 9
3 3 °2 7 '0 7 .2 "S  1 2 3 °2 6 T 6 .2 "E  A U S T R A L IA , W A , C a p e  A rid  N P , tra c k  to  M t. R a g g ed , ~ 2 0 0 m  asl, 
30 . O C T  2 0 0 3 , M V -la m p

2 3 0
3 3 °2 6 '3 9 .7 "S  1 2 3 °2 8 '0 0 .5 "E  A U S T R A L IA , W A , C a p e  A rid  N P , fo o t o f  M t. R a g g e d , ~ 2 0 0 m  asl, 
30 . O C T  2 0 0 3 , M V -la m p

231
32°1 T 0 1 .5 "S  1 2 1 °3 8 '2 9 .5 "E  A U S T R A L IA , W A , W  o f  N o rse m a n  (rd  to  H y d en ), ~ 3 5 0 m  asl, 31 . 
O C T  2 0 0 3 , M V -la m p
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2 3 4
3 3 ° 5 5 '5 2 .3 "S  1 1 9 °5 9 '3 4 .0 "E  A U S T R A L IA , W A , F itz g e ra ld  R iv er N P . H a m m e rs le y  D rv ., 10m  
asl, 1. N O V  2 0 0 3 , M V -la m p

2 3 5
3 4 °2 3 '3 2 .2 "S  1 1 8 °0 3 '4 6 .2 "E  A U S T R A L IA , W A , S tir l in g  R a n g e  N P , W  en d  o f  T o o lb ru n u p  R d, 
~ 3 0 0 m , 2. N O V  2 0 0 3 , M V -la m p

2 3 6
3 4 ° 2 6 ’0 3 .1 "S  1 1 8 °0 4 ’2 3 .8 " E  A U S T R A L IA , W A , S tir l in g  R a n g e  N P , C h e s te r  P a ss  R d , ~ 2 5 0 m , 2. 
N O V  2 0 0 3 , M V -la m p

2 3 7
3 4 °2 6 '0 1 .3 "S  1 1 6 °3 8 '0 4 .1 "E  A U S T R A L IA , W A , T a ll in g  S F , L ak e  M u ir  R d , 2 0 0 m  as l, 3. N O V  
2 0 0 3 , M V -la m p

2 3 8
3 4 °2 7 '4 9 .3 "S  1 1 6 ° 4 1 T 3 .9 " E  A U S T R A L IA , W A , L a k e  M u ir  N R , N a b a g u p  R d , 2 0 0 m  as l, 3. N O V  
2 0 0 3 , M V -la m p

241
3 4 ° 5 1 '3 8 .3 "S  1 16 °1 3 T  1 .8 "E  A U S T R A L IA , W A , D ’E n tre c a s te a u x  N P , 0 .5 k m  E M o o re ’s H u t, 2 5 m  
asl, 4. N O V  2 0 0 3 , M V -la m p

2 4 2
3 4 ° 2 5 '5 9 .8 "S  1 1 5 °4 2 '3 4 .8 "E  A U S T R A L IA , W A , D 'E n tre c a s te a u x  N P , L ak e  Ja s p e r , 
W o o d a rb u r ru p /L a k e  J a s p e r  R d , ~ 5 0 m  asl, 5. N O V  2 0 0 3 , M V -lam p

2 43
3 4 ° 2 5 '4 7 .9 "S  1 1 5 °4 4 ’3 3 .1 "E  A U S T R A L IA , W A , D 'E n tre c a s te a u x  N P , L ak e  J a s p e r , S c o tt R d , 
~ 5 0 m  asl, 5. N O V  2 0 0 3 , M V -la m p

2 45
3 2 °4 9 T  1 .8"S  1 1 6 °0 6 T 2 .6 "E  A U S T R A L IA , W A , L an e  P o o l R e se rv e , Icy  C k , ~ 3 0 0 m , 6. N O V  
2 0 0 3 , M V -la m p

2 4 6
3 5 °0 0 '2 0 .1 "S  1 5 0 °0 9 '0 5 .5 "E  A U S T R A L IA , N S W , M o rto n  N P , ~ 1 1 k m  on  T a lw o n g  R d, 5 5 0 m  asl, 
28 . N O V  2 0 0 3 , M V -la m p

2 4 8
3 5 °3 1 '2 7 .6 "S  1 5 0 °0 2 '0 9 .3 "E  A U S T R A L IA , N S W , B u d a w a n g  N P , ~ 9 k m  on  W e s te rn  D is tr ib u to r  
R d , 4 0 0 m  asl, 1. D E C  2 0 0 3 , M V -la m p

2 4 9
3 5 °3 0 '5 8 .5 "S  1 5 0 °0 3 '3 4 .2 "E  A U S T R A L IA , N S W , B u d a w a n g  N P , W e ste rn  D is tr ib u to r  R d , 
C a rte rs  C k , 2 0 0 m  asl, 1. D E C  2 0 0 3 , M V -la m p

2 5 0
3 5 °2 6 '5 4 .6 "S  1 5 0 °0 5 '3 3 .4 "E  A U S T R A L IA , N S W . B u d a w a n g  N P , ~ 2 5 k m  on  W e s te rn  D is tr ib u to r  
R d, ~ 4 0 0 m  asl, 4. D E C  2 0 0 3 , M V -la m p

251
3 5 ° 1 1 '3 6 .4 "S  1 4 9 °0 8 '0 5 .2 "E  A U S T R A L IA , A C T , G u n g a h lin  g ra s s la n d  E P a lm e rs to n , 10. D E C  
2 0 0 3 , M V -la m p

2 5 2
3 5 ° 3 1 '2 7 .6 "S  1 5 0 °0 2 '0 9 .3 "E  A U S T R A L IA , N S W , B u d a w a n g  N P , ~ 9 k m  on  W e s te rn  D is tr ib u to r  
R d , 4 0 0 m  asl, 14. D E C  2 0 0 3 , M V -la m p

25 3
3 5 °3 0 '5 8 .5 "S  1 5 0 °0 3 '3 4 .2 "E  A U S T R A L IA , N S W , B u d a w a n g  N P , W e ste rn  D is tr ib u to r  R d , 
C a rte rs  C k , 2 0 0 m  as l, 14. D E C  2 0 0 3 , M V -la m p

2 5 4
3 5 ° 5 5 '5 7 .1 "S  1 4 9 ° 3 5 T 0 .8 "E  A U S T R A L IA , N S W , T a lla g a n d a  S F , L ittle  S n o w b a ll C k , n a tiv e  
g ra ss la n d , ~ 8 5 0 m  asl, 19. D E C  2 0 0 3 , M V -la m p

25 5
3 6 °0 2 '4 6 .7 "S  1 4 9 °3 2 T 0 .1 "E  A U S T R A L IA , N S W , B a d ja  S w am p  N R  N E  N u m e ra lla , 1 0 4 0 m , 19. 
D E C  2 0 0 3 , M V -la m p

2 5 6
3 4 °3 8 '0 6 .4 "S  1 5 0 °4 3 '2 2 .4 "E  A U S T R A L IA , N S W , B u d d e ro o  N P , M in a m u rra  F a lls , 2 0 0 m  asl, 30 . 
D E C  2 0 0 3 , M V -la m p

2 5 7
3 5 °3 0 '5 8 .5 "S  1 5 0 °0 3 '3 4 .2 "E  A U S T R A L IA , N S W , B u d a w a n g  N P , W e ste rn  D is tr ib u to r  R d , 
C a rte rs  C k , 2 0 0 m  asl, 25 . JA N  2 0 0 4 , M V -la m p

2 5 8
3 5 °3 3 '3 1 .8 "S  1 5 0 °0 2 '2 6 .4 "E  A U S T R A L IA , N S W , B u d a w a n g  N P , ~ 5 k m  on  W e s te rn  D is tr ib u to r  
R d , 2 0 0 m  asl, 25 . JA N  2 0 0 4 , M V -la m p

2 5 9
3 5 ° 2 5 '4 9 .2 "S  1 4 9 °3 2 '2 1 .7 "E  A U S T R A L IA , N S W , T a lla g a n d a  N P , ~ 3 k m  N o n  N o rth  B la c k  
R a n g e  T ra il , - 1 150m  asl, 3. F E B  2 0 0 4 , M V -la m p

2 6 0
3 5 °5 3 '3 8 .2 "S  1 4 9 ° 3 0 T 7 .7 "E  A U S T R A L IA , N S W , T a lla g a n d a  N P , S la p -U p  R d , ~ 1 3 5 0 m  a s l, 28 . 
F E B  2 0 0 4 , M V -la m p

261
3 5 °5 2 '3 3 .2 "S  1 4 9 °3 3 '0 7 .7 "E  A U S T R A L IA , N S W , T a lla g a n d a  S F , J in d e n  R id g e  R d , ~ 9 5 0 m  asl, 
28 . F E B  2 0 0 4 , M V -la m p

2 6 2
3 5 ° 5 6 '0 4 .9 "S  1 4 9 °3 4 '5 1 .2 "E  A U S T R A L IA , N S W , T a lla g a n d a  S F , L ittle  S n o w b a ll C k , ~ 8 5 0 m  asl, 
28 . F E B  2 0 0 4 , U V -flt

26 3
3 5 ° 5 8 '2 0 .5 "S  1 4 9 °3 1 '0 6 .8 "E  A U S T R A L IA , N S W , T a lla g a n d a  N P , S lap -U p  R d , ~ 1 4 0 0 m  a s l, 28 . 
F E B  2 0 0 4 , U V -flt

2 6 4
3 0 °3 3 '4 4 .3 "S  1 4 8 °4 5 ’0 0 .1 " E  A U S T R A L IA , N S W , P illig a  W est S F , G in e e  B e la h  F R , ~ 2 0 0 m  asl, 
13. M A R  2 0 0 4 , M V -la m p

2 6 5
3 0 ° 3 5 '3 8 .5 "S  1 4 8 °4 8 ’0 0 .9 ”E  A U S T R A L IA , N S W , P illig a  W est S F , W e ste rn  W a y /B -H  L in e , 
~ 2 0 0 m  asl, 13. M A R  2 0 0 4 , M V -la m p

2 6 6
3 0 ° 3 1 '5 7 .4 "S  1 4 9 ° 3 9 T 0 .9 "E  A U S T R A L IA , N S W , P illig a  E a s t SF , 5 k m  on  B o h e n a  C k  R d , ~ 2 0 0 m  
asl, 14. M A R  2 0 0 4 , M V -la m p
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# co l le c t in g  lo ca l i ty ,  d a te  a n d  l ig h t  so u r c e

2 67
3 0 °1 6 '4 7 .3 "S  1 5 0 °1 0 '0 2 .5 "E  A U S T R A L IA , N S W , M t. K a p u ta r  N P , D a w so n  S p rin g , 1350m  asl, 
15. M A R  2 0 0 4 . M V -la m p

2 68
3 0 °1 6 '2 9 .3 "S  1 5 0 °0 9 '5 4 .5 "E  A U S T R A L IA , N S W , M t. K a p u ta r  N P , n r  M t. K a p u ta r  su m m it, 
~  1 4 5 0 m , 15. M A R  2 0 0 4 , M V -lam p

26 9
3 0 °1 7 '2 3 .5 "S  1 5 0 °0 8 '3 0 .5 "E  A U S T R A L IA , N S W , M t. K a p u ta r  N P , n r  B a rk  H u t, 1 150m  asl, 15. 
M A R  2 0 0 4 , M V -la m p

2 7 0
3 0 ° 1 6 '4 4 .1 "S  1 5 0 °0 4 T 0 .9 "E  A U S T R A L IA , N S W , M t. K a p u ta r  N P , M t. N in g a d h u n  b a se , 8 0 0 m  
as l, 15. M A R  2 0 0 4 , M V -la m p

271
3 3 ° 0 9 T 8 .6 " S  1 4 9 ° 1 5 T 5 .0 "E  A U S T R A L IA , N S W , O ra n g e , O p h ir , M ille r 's  C ro ss in g , ~ 6 5 0 m  asl, 
20 . M A R  2 0 0 4 , M V -lam p

272
3 6 °3 9 '2 4 .3 "S  1 5 0 °0 0 T 0 .5 "E , A U S T R A L IA , N S W , M im o sa  R o c k s  N P , G illa rd 's  B e a c h , ~ 1 0 m  asl, 
27 . M A R  2 0 0 4 , M V -la m p

273
A U S T R A L IA , N S W , M im o sa  R o ck s  N P , ~ 3 k m  b e fo re  G illa rd 's  B e a c h , ~ 1 0 0 m  asl, 2 7 . M A R  
2 0 0 4 , M V -la m p

27 4
3 2 °3 7 '4 9 .3 "S  1 4 5 °3 4 '4 2 .6 "E  A U S T R A L IA , N S W , Y a th o n g  N R , n r  a irs tr ip , 150m  as l, 9. A P R  
2 0 0 4 , M V -la m p

275
3 2 °3 5 '1 4 .1 "S  1 4 5 °2 9 '5 6 .5 "E  A U S T R A L IA , N S W , Y a th o n g  N R , ~ 4 k m  W  o n  W e s te rn  R d , 150m  
asl, 10. A P R  2 0 0 4 , M V -la m p

2 7 6
3 1 °3 0 '3 1 .9 "S  1 4 5 °4 7 '0 5 .6 "E  A U S T R A L IA , N S W , ~ 3 k m  W  o f  C o b a r , 2 0 0 m  asl, 11. A P R  2 0 0 4 , 
M V -la m p

278
3 0 ° 4 1 '3 1 .6 "S  1 4 6 °1 7 '2 3 .0 "E  A U S T R A L IA , N S W , p w rln e  1 1 .5km  E N E  B y ro c k , 1 50m  as l, 12. 
A P R  2 0 0 4 , M V -la m p

27 9
3 4 °1 5 '4 6 .6 "S  1 4 7 °2 7 '0 3 .4 "E  A U S T R A L IA , N S W , T e m o ra , B a rm e d m a n  S F , 2 0 0 m  as l, 23 . A P R  
2 0 0 4 , M V -la m p

2 8 0
3 4 °2 1 '2 1 .3 "S  1 4 7 °2 5 '3 9 .3 "E  A U S T R A L IA , N S W , T e m o ra , B ig  B u sh  SF , 2 0 0 m  as l, 23 . A P R  
2 0 0 4 , U V -flt

281
3 5 °3 0 '5 8 .5 "S  1 5 0 °0 3 '3 4 .2 "E  A U S T R A L IA , N S W , B u d a w a n g  N P , W e s te rn  D is tr ib u to r  R d , 
C a rte r s  C k , 2 0 0 m  as l, 30 . A P R  2 0 0 4 , M V -la m p

282
3 5 °3 3 '3 1 .8 "S  1 5 0 °0 2 '2 6 .4 "E  A U S T R A L IA , N S W , B u d a w a n g  N P , ~ 5 k m  on  W e s te rn  D is tr ib u to r  
R d , 2 0 0 m  asl, 30 . A P R  2 0 0 4 , U V -flt

283
2 7 °  17 '5 1,8"S  15 2 ° 4 5 T 4 .0 " E  A U S T R A L IA , Q L D , D 'A g u ila r  N P , M t. G lo rio u s  R d  n r  K o b b le  C k  
(S o u th  B ra n c h ) , ~ 7 0 0 m  asl, 19. A U G  2 0 0 4 , M V -la m p

2 8 4
2 5 ° 5 9 '3 8 .9 "S  1 5 3 °0 4 '2 9 .8 "E  A U S T R A L IA , Q L D , G re a t S a n d y  N P , v ie . R a in b o w  B e a c h , 5 0 0 m  
S E  on  F re sh w a te r  R d , ~ 5 0 m  asl, 21 . A U G  2 0 0 4 , M V -la m p

285
2 6 °0 1 '3 7 .2 "S  1 5 3 °0 1 '3 1 .8 "E  A U S T R A L IA , Q L D , G re a t S an d y  N P , v ie . R a in b o w  B e a c h , ~ 1 .5 k m  
S o n  C o o lo o la h  R d , < 5 0 m  asl, 22 . A U G  2 0 0 4 , M V -la m p

2 8 6
2 8 ° 4 9 '4 1 .1 "S  1 5 1 °5 7 '3 9 .4 "E  A U S T R A L IA , Q L D , G irra w e e n  N P , 2 k m  N E  p a rk  h e a d q u a rte r , 
~ 8 5 0 m  asl, 25 . A U G  2 0 0 4 , M V -la m p

2 87
3 5 °3 0 '5 8 .5 "S  1 5 0 ° 0 3 '3 4 .2 ”E A U S T R A L IA , N S W , B u d a w a n g  N P , W e ste rn  D is tr ib u to r  R d, 
C a rte rs  C k , 2 0 0 m  asl, 22 . S E P  2 0 0 4 , M V -la m p

2 88
3 5 °3 3 '1 5 .2 "S  1 5 0 °0 2 '0 4 .5 "E  A U S T R A L IA , N S W , B u d a w a n g  N P , ~ 5 k m  o n  W e s te rn  D is tr ib u to r  
R d , 2 5 0 m  asl, 22 . S E P  2 0 0 4 , M V -la m p  &  U V -flt

28 9
3 5 °3 0 '5 8 .5 "S  1 5 0 °0 3 '3 4 .2 "E  A U S T R A L IA , N S W , B u d a w a n g  N P , W e s te rn  D is tr ib u to r  R d, 
C a rte rs  C k , 2 0 0 m  asl, 25 . O C T  2 0 0 4 , M V -la m p

2 9 0
3 5 ° 3 3 T 5 .2 " S  1 5 0 °0 2 '0 4 .5 "E  A U S T R A L IA , N S W , B u d a w a n g  N P , ~ 5 k m  o n  W e s te rn  D is tr ib u to r  
R d , 2 5 0 m  asl, 25 . O C T  2 0 0 4 , M V -la m p

291
3 2 °5 7 '3 2 .0 "S  1 4 6 °0 9 '0 5 .3 "E , A U S T R A L IA , N S W , R o u n d  H ill N R , T h e  R o u n d  H ill, ~ 2 5 0 m  asl, 
6. N O V  2 0 0 4 , M V -la m p

292
3 0 ° 5 4 '2 0 .8 "S  1 4 5 °5 4 '0 3 .0 "E , A U S T R A L IA , N S W , p w rln e  ~ 7 0 k m  N C o b a r , ~ 1 5 0 m  asl, 7. N O V  
2 0 0 4 , M V -la m p

293
3 5 °3 1 '4 8 .8 "S  1 5 0 °0 1 '4 2 .7 "E , A U S T R A L IA , N S W , B u d a w a n g  N P , ~ 1 0 k m  o n  W e s te rn  D is tr ib u to r  
R d , ~ 3 5 0 m  asl, 18. N O V  2 0 0 4 , M V -la m p

29 4
3 5 °3 0 '5 8 .5 "S  1 5 0 °0 3 '3 4 .2 "E  A U S T R A L IA , N S W , B u d a w a n g  N P , W e s te rn  D is tr ib u to r  R d , 
C a rte rs  C k , 2 0 0 m  as l, 18. N O V  2 0 0 4 , M V -la m p

295
3 5 °3 0 '5 8 .5 "S  1 5 0 °0 3 ’3 4 .2 "E  A U S T R A L IA , N S W , B u d a w a n g  N P , W e s te rn  D is tr ib u to r  R d, 
C a rte rs  C k , 2 0 0 m  asl, 20 . N O V  2 0 0 4 , M V -la m p

297
3 5 °3 1 '4 8 .8 "S  1 5 0 °0 1 '4 2 .7 "E , A U S T R A L IA , N S W , B u d a w a n g  N P , ~ 1 0 k m  on  W e s te rn  D is tr ib u to r  
R d , ~ 3 5 0 m  asl, 5. D E C  2 0 0 4 , M V -la m p
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# c o lle c t in g  lo c a lity , d a te  an d  lig h t so u r c e

2 9 8
3 5 °3 0 '5 8 .5 "S  1 5 0 °0 3 '3 4 .2 "E  A U S T R A L IA , N S W , B u d a w a n g  N P , W e s te rn  D is tr ib u to r  Rd, 
C a rte rs  C k , 2 0 0 m  asl, 5. D E C  2 0 0 4 , M V -la m p

2 9 9
3 5 °3 0 '4 2 .2 "S  1 5 0 °0 3 '3 0 .9 "E  A U S T R A L IA , N S W , B u d a w a n g  N P , W e s te rn  D is tr ib u to r  R d, 
~ 5 0 0 m  N C a rte rs  C k , 3 0 0 m  asl, 5. D E C  2 0 0 4 , M V -la m p  &  U V -flt

3 0 0
3 5 ° 3 2 '3 5 .7 "S  1 4 9 °5 5 '5 3 .2 "E , A U S T R A L IA , N S W , M o n g a , R iv e r  R d , ~ 6 5 0 m  asl, 5. D E C  2 0 0 4 , 
U V -flt

301
3 5 °5 5 '5 7 .1 "S  1 4 9 ° 3 5 T 0 .8 "E  A U S T R A L IA , N S W , T a lla g a n d a  SF , L ittle  S n o w b a ll C k , n a tiv e  
g ra s s la n d , ~ 8 5 0 m  asl, 10. D E C  2 0 0 4 , M V -la m p  &  U V -flt

3 0 2
3 6 °0 2 '4 6 .7 "S  1 4 9 °3 2 T 0 .1 "E  A U S T R A L IA , N S W , B a d ja  S w a m p  N R  N E  N u m e ra lla , 1040m , 10. 
D E C  2 0 0 4 , M V -la m p  &  U V -flt
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APPENDIX F

GENITALIA PREPARATIONS

fam ily species gen 
der

co llectin g  data p rep ara
tion  #

A n th e lid a e A n th e l a
a c h r o m a ta

m ale 1 1°50'S  142°3 0 'E , A U S T R A L IA , Q L D , D u lh u n ty  
R ., 13km  S W  H e a th la n d s , 21 . M A R  1992

A N IC /A Z
16

A n th e lid a e A n th e l a  a c u ta  m a le A U S T R A L IA , Q L D , B risb a n e , 10. S E P  [1 9 ]3 9 A N IC /A Z
23 9

A n th e lid a e A n th e l a  a c u ta  

(1 )

m a le 2 8 °2 4 'S  153°1 7 'E , A U S T R A L IA , N S W , 1km  E M t. 
W a rn in g , 5 0 0 m , 2 2 . N O V  1976

A N IC /A Z
69

A n th e lid a e A n th e l a  a c u ta  m a le  

(2 )

A U S T R A L IA , Q L D , E u n g e lla  N P , 8 0 0 m , 1. M A R  
1964

A N IC /A Z
74

A n th e lid a e A n th e l a  a c u ta  m a le  
(3 )

17° 14 'S  145°1 l 'E ,  A U S T R A L IA , Q L D , S tan n a ry  
H ills  1 1km  S b y W  M u tc h ilb a , 7 0 0 m , 26 . M A Y  
1977

A N IC /A Z
75

A n th e lid a e A n th e l a  a c u ta  m a le  
(sp.)

A U S T R A L IA , Q L D , 18m ls S G y m p ie , 28 . F E B  
1964

A N IC /A Z
23 8

A n th e lid a e A n th e l a  a c u ta  m a le  

(sp-)
A U S T R A L IA , Q L D , C a rn a rv o n  R a n g e , 29 . M A R  
1957

A N IC /A Z
235

A n th e lid a e A n th e l a  a c u ta  m a le  
(sp .)

A U S T R A L IA , N S W , M t. K e ira . 15. N O V  1960 A N IC /A Z
2 3 6

A n th e lid a e A n th e l a  a c u ta  

(sp.)
m a le A U S T R A L IA , N S W , Y a b b ra  S F , N  Y a b b ra  R d  &  

C a s tle  S p u r  R d , 30 . S E P  1999
A N IC /A Z
2 37

A n th e lid a e A n th e l a  a c u ta  m a le  
(sp .)

A U S T R A L IA , Q L D . B risb a n e , 26 . JU N  [1 9 ]4 0 A N IC /A Z
243

A n th e lid a e A n th e l a  a c u ta  m a le  

(sp .)

A U S T R A L IA , Q L D , B risb a n e , 12. D E C  [1 9 ]3 7 A N IC /A Z
24 2

A n th e lid a e A n t h e l a  a c u ta  m a le  
(sp .)

A U S T R A L IA , Q L D , B risb a n e , 4. S E P  [1 9 ]3 5 A N IC /A Z
2 4 4

A n th e lid a e A n th e l a
a c u ta /a s ta ta

(sp.)

m ale 13°43 'S  1 1 4 3 °1 9 'E , A U S T R A L IA , Q L D , 
M c llw ra ith  R a ., W e a th e r  S tn , 4 2 0 m , 3. JU L  1989

A N IC /A Z  1

A n th e lid a e A n th e l a  
a d d i t a  (A )

m a le 3 5 °4 6 'S  149°3 5 'E , A U S T R A L IA , N S W , L ittle  
S n o w b a ll C k , 9 6 0 m , 17. D E C  1990

A N IC /A Z
45

A n th e lid a e A n th e l a  
a d d i t a  (A )

m a le 4 1 °3 3 'S  1 4 8 T 8 E , A U S T R A L IA , T A S , 6 k m  S 
F a lm o u th , 21 . M A R  1986

A N IC /A Z
2 1 7

A n th e lid a e A n th e l a  
a d d i t a  (A )

m a le A U S T R A L IA , N S W , B o y d  R iv e r, K a n a n g ra  W alls , A N IC /A Z  
25 . JA N  1968 2 1 6

A n th e lid a e A n th e l a  
a d d i ta  (A )

m a le 3 5 °3 2 'S  1 4 8 °4 5 'E , A U S T R A L IA , A C T , M t. G in m i, A N IC /A Z  
1660m , 28 . JA N  1984  215

A n th e lid a e A n th e l a  
a d d i t a  (A )

m a le 3 6 °1 3 'S  1 4 8 °3 4 'E , A U S T R A L IA , N S W , 12km  
S S W  E u c u m b e n e  D a m , 1 3 6 0 m , 12. JA N  1964

A N IC /A Z
2 1 4

A n th e lid a e A n th e l a  
a d d i t a  (A )

m a le 4 2 °1 0 'S  1 4 6 °0 8 'E , A U S T R A L IA , T A S , 9 k m  W S W  
D e rw e n t B rid g e , 21 . JA N  1983

A N IC /A Z
2 1 9

A n th e lid a e A n th e l a  
a d d i t a  (A )

m a le 4 2 °1 0 'S  146°08 'E , A U S T R A L IA , T A S , 9 k m  W S W  
D e rw e n t B rid g e , 21 . JA N  1983

A N IC /A Z
41

A n th e lid a e A n th e l a  
a d d i t a  (A )

m ale A U S T R A L IA , V IC , M o e , 10. D E C  1957 A N IC /A Z
4 2

A n th e lid a e A n th e l a  
a d d i t a  (A )

m ale A U S T R A L IA , T A S , lo o k o u t 2 0 k m  N  L a u n c e s to n , 
15. JA N  200 3

A N IC /A Z
2 2 0

A n th e lid a e A n th e l a  
a d d i t a  (B )

m a le A U S T R A L IA , T A S , M t. W e llin g to n , 8 5 0 ft, 30 . 
A P R  1963

A N IC /A Z
4 4

A n th e lid a e A n th e l a  
a d d i t a  (B )

m a le A U S T R A L IA , V IC , K a llis ta , 19. A P R  1966 A N IC /A Z
4 6

A n th e lid a e A n th e l a  
a d d i t a  (B )

m a le 4 2 °1 0 'S  1 4 6 °0 8 'E , A U S T R A L IA , T A S , 9 k m  W S W  
D e rw e n t B rid g e , 21 . JA N  1983

A N IC /A Z
2 1 8
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f a m ily s p e c ie s g e n 
d e r

c o l le c t in g  d a ta p r e p a r a 
t io n  #

A n th e lid a e A n th e l a  
a d d i ta  (B )

m a le A U S T R A L IA , T A S , T a rra le a h , 22 . A P R  1963 A N IC /A Z
43

A n th e lid a e A n th e l a  
a d d i ta  (B )

m a le A U S T R A L IA , T A S , M t. W e llin g to n , 8 5 0 ft, 30 . 
A P R  1963

A N IC /A Z
2 1 3

A n th e lid a e A n th e l a  
a d d i t a  (B )

m a le A U S T R A L IA , T A S , T a rra le a h , 22 . A P R  1963 A N IC /A Z
211

A n th e lid a e A n th e l a  
a d d i t a  (B )

m a le A U S T R A L IA , N S W , Je n o le a n  S F , 24 . A P R  1968 A N IC /A Z
2 1 2

A n th e lid a e A n th e l a
a d r ia n a

m a le 3 2 °1 5 'S  1 2 5 °3 2 'E , A U S T R A L IA , W A , 5 k m  E N E  
o f  C a ig u n a , 11. A P R  1983

A N IC /A Z
2 8 4

A n th e lid a e A n th e l a
a d r ia n a

m a le [2 2 °1 8 'S  1 3 0 °5 0 'E , A U S T R A L IA , N T ,] 18m i E ast 
o f  V a u g h a n  S p rin g s  H S , 2. JU L  1968

A N IC /A Z
2 8 6

A n th e lid a e A n th e l a
a d r ia n a

m a le A U S T R A L IA , W A , 8m i E o f  C a rn a rv o n , 2 0 . A P R  
1968

A N IC /A Z
2 8 0

A n th e lid a e A n th e l a
a d r ia n a

m ale 2 1 °3 4 'S  1 1 7 °0 3 'E , A U S T R A L IA , W A , 3 k m  
N W b y W  o f  M id s tre a m  H S , 11. A P R  1971

A N IC /A Z
28 3

A n th e lid a e A n th e l a
a d r ia n a

m ale A U S T R A L IA , W A , 10 7 m i S o f  C a rn a rv o n , 21 . 
A P R  1968

A N IC /A Z
281

A n th e lid a e A n th e l a
a d r ia n a

m ale A U S T R A L IA , W A , C a ig itn a , 14. A U G  1963 A N IC /A Z
2 8 2

A n th e lid a e A n th e l a
a d r ia n a

m a le 2 3 °3 6 'S  1 3 3 °3 4 'E  A U S T R A L IA , N T , 3 3 k m  W N W  
o f  A lic e  S p rin g s , 30 . S E P  1978

A N IC /A Z
2 8 5

A n th e lid a e A n th e l a
a r ip r e p e s

m a le A U S T R A L IA , N S W , R o u n d  H ill F a u n a  R e se rv e , 
16. M A R  1969 (e m e rg e d )

A N IC /A Z
129

A n th e lid a e A n th e l a
a s c i s c e n s

m a le A U S T R A L IA , Q L D , D u a rm g a , 2. M A Y  [1 9 ]2 3  
(b re d )

A N IC /A Z
131

A n th e lid a e A n th e l a
a s ta ta

m ale A U S T R A L IA , Q L D , 1km  E K u ra n d a , 11. M A R  
1964

A N IC /A Z
72

A n th e lid a e A n th e l a
a s ta ta

m ale 17° 16 'S  145°5 4 'E , A U S T R A L IA , Q L D , M t. 
B e lle n d e n -K e r, b a se  c a b le w a y , 80m , 31 . O C T  1981

A N IC /A Z
71

A n th e lid a e A n th e l a
a s ta ta

m a le A U S T R A L IA , Q L D , 1km  E K u ra n d a , 11. M A R  
1964

A N IC /A Z
70

A n th e lid a e A n th e l a
a s ta ta

m a le A U S T R A L IA , Q L D , Iro n  R an g e  N P , 7. A P R  1964 A N IC /A Z
73

A n th e lid a e A n th e l a  
a s ta ta  (A )

m a le A U S T R A L IA , V IC , B la irg o w rie , 10. O C T  1978 A N IC /A Z
47

A n th e lid a e A n th e l a  
a s ta ta  (A )

m a le A U S T R A L IA , A C T , N a m a d g i N P , M t. G in in i, 
175 0 m , 8. O C T  2 0 0 2  (b re d )

C A Z S /A Z
21 7

A n th e lid a e A n th e l a  
a s ta ta  (A )

m a le A U S T R A L IA , A C T , M t. G in g e ra , 6 0 0 0 f t„  10. 
O C T  1956  (b re d )

A N IC /A Z
22 2

A n th e lid a e A n th e l a  
a s ta ta  (B )

m a le A U S T R A L IA , N S W , G o sfo rd , 30. N O V  1967 
(b re d )

A N IC /A Z
22 8

A n th e lid a e A n th e l a  
a s ta ta  (B )

m a le A U S T R A L IA , V IC , M o e , 15. F E B  1931 A N IC /A Z
22 3

A n th e lid a e A n th e l a  
a s ta ta  (B )

m a le A U S T R A L IA , N S W , le n d s  B ay , 17. M A R  1956 A N IC /A Z
2 2 7

A n th e lid a e A n th e l a  
a s ta ta  (B )

m a le A U S T R A L IA , N S W , Je rv is  B ay , 7. N O V  1956 A N IC /A Z
22 5

A n th e lid a e A n th e l a  

a s ta ta  (B )
m a le 3 5 °5 1 'S  150°1 l 'E ,  A U S T R A L IA , N S W , B ro u le e , 

29 . D E C  1995
A N IC /A Z
23 3

A n th e lid a e A n th e l a  
a s ta ta  (B )

m a le A U S T R A L IA , N S W , Je rv is  B ay , 7. N O V  1956 A N IC /A Z
2 2 6

A n th e lid a e A n th e l a  
a s ta ta  (B )

m a le 3 5 °3 2 'S  1 4 8 °4 5 'E , A U S T R A L IA , A C T , M t. G in in i, 
1660m , 2 8 . JA N  1984

A N IC /A Z
221

A n th e lid a e A n th e l a  
a s ta ta  (B )

m a le A U S T R A L IA , V IC , M o e , 2. M A R  1931 A N IC /A Z
2 2 4

A n th e lid a e A n th e l a  
a s ta ta  (C )

m a le A U S T R A L IA , V IC , G ra m p ia n s , B a rn e y s  C k , 14. 
N O V  1966

A N IC /A Z
2 2 9

-  592 -



f a m ily s p e c ie s g e n 
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c o l le c t in g  d a ta p r e p a r a 
t io n  #

A n th e lid a e A n th e la  
a s ta ta  (C )

m ale A U S T R A L IA , T A S , N a tio n a l P a rk , 14. D E C  1982 A N IC /A Z
2 3 0

A n th e lid a e A n th e l a
a s ta ta
(P N G 1 )

m ale P A P U A  N E W  G U IN E A , A m a z o n  B ay  a rea , 
D o v e ta , 2 4 0 0 ft, W . W . B ra n d t leg ., 2 4 . JU L  -  11. 
S E P  1962

A N IC /A Z
31

A n th e lid a e A n th e l a
a s ta ta
( P N G la )

m ale P A P U A  N E W  G U IN E A , T e le fo m in  (F e ra m in ) , 
4 7 0 0 ft, W . W . B ra n d t leg ., 2. M A Y  -  18. JU N  
1959

A N IC /A Z
33

A n th e lid a e A n th e l a
a s ta ta
( P N G lb )

m ale P A P U A  N E W  G U IN E A , T e le fo m in  (F e ra m in ) , 
4 7 0 0 ft, 2. M A Y  -  18. JU N  1959

A N IC /A Z
101

A n th e lid a e A n th e l a
a s ta ta
(P N G 2 )

m ale P A P U A  N E W  G U IN E A , A m a z o n  B ay  a rea , 
D o g o n , 2 3 0 0 ft, 13. S E P  -  11. D E C  1962

A N IC /A Z
99

A n th e lid a e A n th e l a
a s ta ta
(P N G 3 )

m ale P A P U A  N E W  G U IN E A , K iu n g a , F ly  R iv e r, W . W . 
B ran d t leg ., 2. JU L  -  31 . O C T  1957

A N IC /A Z
32

A n th e lid a e A n th e l a
a s ta ta /a c u ta

m ale A U S T R A L IA , T A S , H o b a rt, C a m b rid g e , JU N  
1970 (b re d )

A N IC /A Z
231

A n th e lid a e A n th e l a
a s ta ta /a c u ta

m ale A U S T R A L IA , Q L D , M t. T a m b o r in e , N O V  [1 9 ]0 6 A N IC /A Z
241

A n th e lid a e A n th e l a
a s ta ta /a c u ta

m ale A U S T R A L IA , V IC , M t. B e a u ty , D E C  1960 A N IC /A Z
2 3 4

A n th e lid a e A n th e l a
a s ta ta /a c u ta

m ale A U S T R A L IA , T A S , C o ll in sv a le , 11. O C T  1977 A N IC /A Z
2 3 2

A n th e lid a e A n th e l a
a s ta ta /a c u ta

m ale A U S T R A L IA , Q L D , M t. T a m b o r in e , 3. N O V  [19] 
42

A N IC /A Z
2 4 0

A n th e lid a e A n th e l a
a s te r ia s

m ale 2 3 °3 8 'S  133°35 'E , A U S T R A L IA , N T , T o d d  R iv e r  
9 k m  N b y E  A lic e  S p rin g s , 1. O C T  1978

A N IC /A Z
121

A n th e lid a e A n th e l a
b a r n a r d i

m ale A U S T R A L IA , W A , G la d s to n e , 14. A U G  1963 A N IC /A Z
2 6 2

A n th e lid a e A n th e l a
b a s ig e r a

m ale A U S T R A L IA , S A , A d e la id e , 1. A P R  [1 9 ]4 2 A N IC /A Z
2 5 7

A n th e lid a e A n th e l a
b a s ig e r a

m ale 34°2 1 'S  139°31 'E , A U S T R A L IA , S A , B la n c h to w n , 
B ro o k fie ld  C o n s. P k ., 30 . A P R  1992

A N IC /A Z
114

A n th e lid a e A n th e l a
b a s ig e r a

m ale 3 4°21 'S  139°31 'E , A U S T R A L IA , S A , B la n c h to w n , 
B ro o k fie ld  C o n s. P k ., 30 . A P R  1992

A N IC /A Z
2 5 6

A n th e lid a e A n th e l a
c a l / i l e u c a

m ale 2 5 °3 4 'S  149°46 'E , A U S T R A L IA , Q L D , 10km  
N b y W  T a ro o m , 2 3 0 m , 28 . M A R  1994

A N IC /A Z
13

A n th e lid a e A n th e l a
c a l l i s p i la

m ale 3 0 °2 0 ° 'S  1 3 9 2 2 'E , A U S T R A L IA , S A , 3 .5 k m  E S E  
A rk o ro o la  V illa g e , 24 . O C T  1993

A N IC /A Z
26 3

A n th e lid a e A n th e l a
c a l l i x a n th a

m ale 18°27 'S  123°0 3 'E , A U S T R A L IA , W A , 1 01km  
S E b y E  B ro o m e , 2 0 . A U G  1976

A N IC /A Z
124

A n th e lid a e A n th e l a
c a l l i x a n th a

m ale 24° 1 l ’S 1 3 4 °0 T E , A U S T R A L IA , N T , 5 6 k m  S b y E  
A lic e  S p rin g s , 3. O C T  1978

A N IC /A Z
17

A n th e lid a e A n th e l a
c h a r o n

m ale P A P U A  N E W  G U IN E A , T e le fo m in  (E lip ta m in ) , 
4 5 0 0 -5 5 0 0 f t, W . W . B ra n d t leg ., 19. JU N  -  14. 
S E P  1959

A N IC /A Z
29

A n th e lid a e A n th e l a
d e m e n t i

fem a le 2 1 °1 4 'S  1 1 9 °1 6 'E , A U S T R A L IA , W A , Ju n c tio n  
S h aw  R. &  H o n e y e a te r  C k , 2 9 . A P R  1995

A N IC /A Z
291

A n th e lid a e A n th e l a
d e m e n t i

m ale 2 2 °1 6 '4 7 .0 "S  1 1 8 °4 4 '4 1 ,9 "E , A U S T R A L IA , W A , 
F o rte sc u e  R iv e r B a s in  ~ 1 2 k m  N A u sk i R H , 19. 
M A Y  2 0 0 3

A N IC /A Z
251

A n th e lid a e A n th e l a
d e m e n t i

m ale 2 1 °3 6 'S  1 17°07 'E , A U S T R A L IA , W A , 4 k m  E S E  
M ills tre a m , 18. A P R  1971

A N IC /A Z
118

A n th e lid a e A n th e l a
d e m e n t i

m ale 2 2 °3 5 '4 8 .5 "S  118 ° 2 7 ’0 5 .1 ”E , A U S T R A L IA , W A , 
K arijin i N P , D ju n a  D o w n s  R d , ~ 2 k m  S R a n g e r  S tn  
[M u lg a l, 14. M A Y  2 0 0 3

A N IC /A Z
2 4 7

-  593 -



f a m ily s p e c ie s g e n -  c o l le c t in g  d a ta
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A n th e lid a e A n th e la
c o n n e x a

m ale  A U S T R A L IA , T A S , C u v ie r  R „  2 5 0 0 ft, 22 . D E C  
r 19152

A N IC /A Z
50

A n th e lid a e A n th e la
c o n n e x a

m ale  A U S T R A L IA , V IC , M o e , 15. JA N  1937 A N IC /A Z
68

A n th e lid a e A n th e l a
c o n n e x a

m ale  A U S T R A L IA , V IC , M o e , 6. JA N  [ 19 ]3 9 A N IC /A Z
51

A n th e lid a e A n th e l a
d e n t i c u la ta

m ale  A U S T R A L IA , N S W , B en i S F  N E  D u b b o , 2 0 . A P R  
1966

A N IC /A Z
255

A n th e lid a e A n th e la
d e n t i c u la ta

m ale  A U S T R A L IA , N S W , T ra n g ie , 3. A P R  1979 A N IC /A Z
253

A n th e lid a e A n th e la
d e n t i c u la ta

m ale  3 2 °3 7 'S  1 4 8 °5 6 'E , A U S T R A L IA , N S W , 
W e llin g to n  C av es , 2 2 .-2 6 . A P R  1990

A N IC /A Z
2 5 4

A n th e lid a e A n th e l a
d e n t i c u la ta

m ale  A U S T R A L IA , V IC , B ra y b ro o k , 25 . M A R  1945 A N IC /A Z
115

A n th e lid a e A n th e l a
d e n t i c u la ta

m ale  A U S T R A L IA , N S W , T ra n g ie , M itc h e ll L ab ., 5. 
A P R  1953

A N IC /A Z
2 5 2

A n th e lid a e A n th e la
e u n > p h r ic a

m ale  3 2 °3 7 'S  1 4 8 °5 6 'E , A U S T R A L IA , N S W , 
W e llin g to n  C av es , 2 2 .-2 6 . A P R  1990

A N IC /A Z
178

A n th e lid a e A n th e l a
e x c e l le n s

m ale  3 5 °3 0 'S  15 0 °2 4 'E , A U S T R A L IA , N S W , B a w le y  
P o in t, 9. M A R  1998

A N IC /A Z  2

A n th e lid a e A n th e la
e x c e l le n s

m ale  A U S T R A L IA , N S W , N a ra ra , 25 . F E B  1948 A N IC /A Z
92

A n th e lid a e A n th e la  
e x c e l le n s  (A )

m a le  A U S T R A L IA , Q L D , M t. E d ith  18m i N E  A th e rto n , 
3 4 0 0 ft, 17. M A R  1964

A N IC /A Z
93

A n th e lid a e A n th e la  
e x c e l le n s  (A )

m ale  A U S T R A L IA , Q L D , M t. L e w is  8m i N W  M t. 
M o lly , 3 2 0 0 ft, 18. A P R  1964

A N IC /A Z
9 4

A n th e lid a e A n th e la  
e x c e l le n s  (B )

m a le  A U S T R A L IA , Q L D , 4 k m  E T o o w o o m b a , 3 4 0 m , 
27 . F E B  1984

A N IC /A Z
95

A n th e lid a e A n th e la
e x o le ta

m ale  A U S T R A L IA , W A , 8 m i E C a rn a rv o n , 2 0 . A P R  
1968

A N IC /A Z
116

A n th e lid a e A n th e la
f e r r u g in o s a

fem a le  A U S T R A L IA , N S W , B a rr in g to n  T o p s  [L en  W illan  
leg .] , 2 0 0 4

C A Z S /A Z
2 3 4

A n th e lid a e A n th e la
fe r r u g in o s a

m ale  A U S T R A L IA , A C T , B la c k  M tn , 28 . M A R  1966 A N IC /A Z
35

A n th e lid a e A n th e l a
f e r r u g i n o s a

m ale  A U S T R A L IA , A C T , B la c k  M tn , 21 . M A R  1966 A N IC /A Z
201

A n th e lid a e A n th e la
f e r r u g i n o s a

m ale  A U S T R A L IA , Q L D , T o o w o o m b a , 6. O C T  1970 A N IC /A Z
39

A n th e lid a e A n th e la
f e r r u g in o s a

m ale  A U S T R A L IA , T A S , R ic h m o n d , 17. M A R  1985 A N IC /A Z
38

A n th e lid a e A n th e la
fe r r u g in o s a

m ale  A U S T R A L IA , A C T , B la c k  M tn , 12. M A R  1968 A N IC /A Z
2 0 2

A n th e lid a e A n th e la
fe r r u g in o s a

m ale  A U S T R A L IA , A C T , B la c k  M tn , 19. M A R  1969 A N IC /A Z
2 03

A n th e lid a e A n th e la
fe r r u g in o s a

m ale  2 4 °  15 'S  151 °3 0 'E , A U S T R A L IA , Q L D , 1 k m  S S W  
B o ro re n , 12. O C T  1988

A N IC /A Z
2 0 6

A n th e lid a e A n th e l a
f e r r u g in o s a

m ale  A U S T R A L IA , A C T , B la c k  M tn , 12. A P R  1965 A N IC /A Z
198

A n th e lid a e A n th e la
fe r r u g in o s a

m ale  A U S T R A L IA , A C T , B la c k  M tn , 21 . M A R  1966 A N IC /A Z
199

A n th e lid a e A n th e l a
f e r m g i n o s a

m ale  A U S T R A L IA , N S W , G ra f to n , 20 . N O V  1958 A N IC /A Z
36

A n th e lid a e A n th e la
fe r r u g in o s a

m ale  A U S T R A L IA , V IC , M a ry  v a le , JA N  1970 A N IC /A Z
37

A n th e lid a e A n th e la
f e r r u g i n o s a

m ale  2 4 ° 5 9 .3 9 7 'S  1 4 7 °5 8 .4 0 9 'E , A U S T R A L IA ,
C a rn a rv o n  N P , M t. M o ffa t sec t., M a r lo n g  P la in , 4 . 
A P R  20 0 2

A N IC /A Z
2 0 9

-  5 9 4 -
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A n th e lid a e A n th e l a  m a le
f e r r u g in o s a

A U S T R A L IA , A C T , B lack  M tn , 21 . M A R  1966 A N IC /A Z
2 0 0

A n th e lid a e

_ I
A n th e la  m a le
fe r r u g in o s a

A U S T R A L IA , N S W , P illig a  S F , T e le p h o n e  lin e  R d  A N 1 C /A Z  
&  W a n g a  R d s, 21 . A P R  1993 2 0 7

A n th e lid a e A n th e l a  m a le
fe r r u g in o s a

A U S T R A L IA , N S W , R o ck y  H ill, 17. O C T  1977 A N IC /A Z
2 1 0

A n th e lid a e A n th e la  m a le
f e r m g i n o s a  
ssp . A

31 ° 18'S 1 19°38 'E , A U S T R A L IA , W A , 2 k m  W b y S  
o f  Y e llo w d in e , 4 . M A Y  1983

A N IC /A Z
4 0

A n th e lid a e A n th e l a  m a le
f e r r u g in o s a  
ssp . A

A U S T R A L IA , W A , K o jo n u p , 11. A P R  1963 A N IC /A Z
2 0 4

A n th e lid a e A n th e l a  m a le
f e r r u g in o s a
ssp . A

3 2 °1 5 'S  1 2 5 °3 2 'E , A U S T R A L IA , W A , 5 k m  E N E  
C a ig u n a , 8. M A Y  1983

A N IC /A Z
20 5

A n th e lid a e A n th e l a  m a le
f e r m g i n o s a
ssp . B (o r  A ?)

3 5 °5 7 'S  141 ° 5 1 'E , A U S T R A L IA , V IC , L ak e  
H in d m arsh  1 5km  W S W  R a in b o w , 26 . A P R  2001

A N IC /A Z
2 0 8

A n th e lid a e A n th e l a  m a le
g u e n e i

A U S T R A L IA , Q L D , M illm e rra n , 2. N O V  [1 9 ]2 9 A N IC /A Z
11

A n th e lid a e A n th e l a  m a le
h a b r o p t i l a  
[ o c e l la ta  (3)]

3 4 °2 2 'S  139°2 7 'E , A U S T R A L IA , S A , B la n c h to w n , 
B ro o k fie ld  C o n s. P k ., 30. A P R  1992

A N IC /A Z
112

A n th e lid a e A n th e l a  m a le
h a e m o p te r a

A U S T R A L IA , S A , B lack w o o d , "K u rlg e " , 8 5 0 ft, 
20 . M A Y  1969

A N IC /A Z
4 9

A n th e lid a e A n th e l a  m a le
h e l io p a

A U S T R A L IA , N T , B ro o k  C re e k  B u rn s id e , 8. F E B  
1932

A N IC /A Z
126

A n th e lid a e A n th e l a  m a le
h y p e r y th r a

A U S T R A L IA , N T , P. D a rw in , N O V  [1 9 ]0 8 A N IC /A Z
123

A n th e lid a e A n th e l a  m a le
l im o n e a

A U S T R A L IA . Q L D , C ap e  Y o rk  P e n ., S ilv e r  P la in s  
H o m e ste a d , 26 . A P R  1963

A N IC /A Z
7 7

A n th e lid a e A n th e l a  m a le
l im o n e a  ssp.

A U S T R A L IA , N T , M a ta ra n k a  H sd , W a te rh o u se  
R iv e r, 2 3 . D E C  1986

A N IC /A Z
78

A n th e lid a e A n th e l a  m a le
l im o n e a /a s ta t  
a  (A )

1 6 °3 l'S  125°1 6 'E , A U S T R A L IA , W A , S y n n o t C k , 
17 .-20 . JU N  1988

A N IC /A Z
79

A n th e lid a e A n th e l a  m a le
l im o n e a /a s ta t
a ( B )

15°44 'S  129°0 7 'E , A U S T R A L IA , N T , K e e p  R . N P , 
6 k m  N E b y N  Ja rm a rm , 31 . M A Y  2001

A N IC /A Z
81

A n th e lid a e A n th e l a  m a le
s t v g ia n a

A U S T R A L IA , Q L D , 2 5 m i N  E m e ra ld , 20 . A P R  
1955

A N IC /A Z
130

A n th e lid a e A n th e l a  n. sp. m a le  
(n sp -A )
[o c e l la ta  (5)]

2 3 °4 8 'S  132°2 1 'E , A U S T R A L IA , N T , 3 m i N E  
G o sse s  B lu ff , 13. M A Y  1969

A N IC /A Z
12

A n th e lid a e A n th e l a  n. sp. m a le  
(n sp -B )

A U S T R A L IA , W A , 107m i S S E  C a rn a rv o n , 21 . 
A P R  1968

A N IC /A Z
19

A n th e lid a e A n th e l a  n. sp . m a le  
(n sp -C )

14°17 'S  126°1 6 'E , A U S T R A L IA , W A , K a lu m b u ru  
M iss io n  [s a n d s to n e ] , 24. M A Y  1993

A N IC /A Z
8 0

A n th e lid a e A n th e l a  n. sp. m a le  
(n sp -D )

2 1 °1 2 'S  1 19°15 'E  (G P S ), A U S T R A L IA , W A , 5 0 k m  A N IC /A Z  
W  M a rb le  B a r, 2 6 .-2 7 . A P R  1995 117

A n th e lid a e A n th e l a  n. sp. m a le  
n e a r  c h a r o n

P A P U A  N E W  G U IN E A , T e le fo m in  (E lip ta m in ) , 
4 5 0 0 -5 5 0 0 R , W . W . B ra n d t leg ., 19. JU N  -  14. 
S E P  1959

A N IC /A Z
28

A n th e lid a e A n th e l a  n. sp. m a le  
(n sp -E ) [A. 
s t v g ia n a  
g ro u p ]

2 2 °5 0 '3 1 .3 "S  1 18°31T  1 .2"E , A U S T R A L IA , W A , 
K arijin i N P , g o rg e  5km  N Ju n a  D o w n s  S tn  
[C a llitr is ] , 18. M A Y  2003

A N IC /A Z
2 5 0
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f a m ily s p e c ie s g e n 
d e r

c o l le c t in g  d a ta p r e p a r a 
t io n  #

A n th e lid a e A n th e l a
n e u r o s p a s ta

m ale 12° 19 ’S 133°19 'E , A U S T R A L IA , N T , N a b a rle k , 
23 . N O V  1983

A N 1C /A Z
15

A n th e lid a e A n th e l a
n ic o th o e

fem a le  A U S T R A L IA , A C T , 3 m i N M t. C o re e , 3 0 0 0 ft ., 6. 
F E B  1957

A N IC /A Z
144

A n th e lid a e A n th e l a m ale A U S T R A L IA , Q L D , S ta n th o rp e  [ex  p u p a ? ] , 15. A N IC /A Z
n ic o th o e M A R  [1 9 ]4 8 66

A n th e lid a e A n th e l a
n ic o th o e

m ale A U S T R A L IA , V IC , M o e  (ex  o v o ) , 1. F E B  1932 A N IC /A Z
62

A n th e lid a e A n th e la
n ic o th o e

m ale A U S T R A L IA , V IC , M o e , 9. M A R  1918 A N IC /A Z
65

A n th e lid a e A n th e l a
n ic o th o e

m ale A U S T R A L IA , V IC , M o e  (ex  o v o ), 1. F E B  1932 A N IC /A Z
63

A n th e lid a e A n th e la
n ic o th o e

m ale 3 6 °2 0 'S  148°29 'E , A U S T R A L IA , N S W , K o sc iu sk o  
N P , D a n e ra  G ap , 2 2 . JA N  1987

A N IC /A Z
64

A n th e lid a e A n th e l a
o c e l la ta

fem a le  A U S T R A L IA , V IC , M o rw e ll, 1. A P R  1922 A N IC /A Z
295

A n th e lid a e A n th e la  
o c e l la ta  (1 )

m ale A U S T R A L IA , V IC , M a ry v a le , 16. M A R  1969 A N IC /A Z
10

A n th e lid a e A n th e la  
o c e l la ta  (2 )

m ale A U S T R A L IA , Q L D , In g h am , 21 . A P R  1961 A N IC /A Z
111

A n th e lid a e A n th e l a  
o r e s s a r c h a  
[(o c e l la ta  (4 )]

m ale 3 6 °2 3 'S  148°25 'E , A U S T R A L IA , N S W , K o sc iu sk o  
N P , S ad d le  2 k m  N W  S m ig g in  H o le s , 16 8 0 m , 23 . 
JA N  1987

A N IC /A Z
113

A n th e lid a e A n th e l a  o s t r a m ale A U S T R A L IA , N T , T o rti lla  F la ts  (ex  r ic e ) , 2 7 . JA N  
1987

A N IC /A Z
146

A n th e lid a e A n th e la
p h a e o d e s m a

m ale A U S T R A L IA , Q L D , 10km  W  K u ra n d a , 20 . M A R  
1984

A N IC /A Z
125

A n th e lid a e A n th e la
p h a e o d e s m a

m ale P A P U A  N E W  G U IN E A , W e ste rn  D is tr ic t , R o u k u , 
M o re h e a d  R iv e r, 19. M A R - 2 8 .  M A Y  1962

A N IC /A Z
96

A n th e lid a e A n th e la
p h o e n ic i a s

m ale A U S T R A L IA , Q L D , S ta n n a ry  H ills , A N IC /A Z
273

A n th e lid a e A n th e la
p h o e n ic i a s

m ale A U S T R A L IA , Q L D , M a re e b a , 31 . JA N  1963 A N IC /A Z
119

A n th e lid a e A n th e la
p h o e n ic ia s

m ale 2 5 °3 5 'S  1 5 1°57 'E , A U S T R A L IA , Q L D , 5 .5 k m  
S W b y S  o f  M t. B ig g e n d e n , 11. O C T  1984

A N IC /A Z
27 8

A n th e lid a e A n th e la m ale 2 6 °5 5 'S  1 4 6 °0 5 'E , A U S T R A L IA , Q L D , 5 k m  E N E A N IC /A Z
p h o e n ic i a s o f  Y a n n a , 9. M A Y  1973 2 7 7

A n th e lid a e A n th e la
p h o e n ic i a s

m ale 15° 18'S  1 4 5 °0 0 'E , A U S T R A L IA , Q L D , Is a b e lla  
C k  3 2 k m  N W b y W  o f  C o o k to w n , 2 2 . M A Y  1977

A N IC /A Z
2 7 0

A n th e lid a e A n th e la
p h o e n ic ia s

m ale A U S T R A L IA , Q L D , M a re e b a , 31 . D E C  1962 A N IC /A Z
271

A n th e lid a e A n th e l a
p h o e n ic ia s

m ale A U S T R A L IA , Q L D , C a p e  Y o rk  P e n ., S ilv e r  
P la in s , C h e s te r  R ., 4 . D E C  1961

A N IC /A Z
2 7 2

A n th e lid a e A n th e la
p h o e n ic i a s

m ale 1 2°37 'S  1 4 1 °5 5 'E , A U S T R A L IA , Q L D , D in a h  C k , 
17. F E B  1994

A N IC /A Z
2 7 4

A n th e lid a e A n th e la
p h o e n ic i a s

m ale A U S T R A L IA , V IC , M o e , 7. D E C  1912 A N IC /A Z
2 7 6

A n th e lid a e A n th e la
p h o e n ic ia s

m ale A U S T R A L IA , Q L D , 7m i S W  o f  M t. G a rn e t, 20 . 
A P R  1969

A N IC /A Z
275

A n th e lid a e A n th e la
p o s t i c a

m ale A U S T R A L IA , N S W , W ilto n , C S IR O  E x p . F m „  19. 
M A R  1968 (e m e rg e d )

A N IC /A Z
52

A n th e lid a e A n th e la
p o s t i c a

m ale A U S T R A L IA , V IC , M o e , 30. M A R  1915 A N IC /A Z
53

A n th e lid a e A n th e la
p r o t o c e n t r a

m ale A U S T R A L IA , N S W , B la c k h e a th , 6. D E C  1917 A N IC /A Z
59

A n th e lid a e A n th e la
p u d ic a

m ale 2 2 °5 6 'S  1 14°45’E , A U S T R A L IA , W A , 2 3 k m  W S W  
B a rra d a le , 28 . A P R  1971

A N IC /A Z
120
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fa m ily sp ec ie s g e n 
d er

c o lle c t in g  d a ta p r e p a r a 
tio n  #

A n th e lid a e A n th e la  
p u d ic a  (X )

m a le A U S T R A L IA , N T , V ic to r ia  H w y , 5 2 k m  E 
K u n u n u rra , 22 . JA N  1998

C A Z S /A Z
2 1 2

A n th e lid a e A n th e la  
p u d ic a  (X )

m a le A U S T R A L IA , W A , K im b e r le y s , 6 k m  b e fo re  El 
Q u e s tro  S ta tio n , 23 . JA N  1998

C A Z S /A Z
21 3

A n th e lid a e A n th e la
r e l to n i

m ale 2 6 °4 3 'S  146°0 8 'E , A U S T R A L IA , Q L D , 3 5 k m  S S W  A N 1 C /A Z  
C h a rle v ille , 13. M A R  1990  122

A n th e lid a e A n th e la
r e p le ta

m ale A U S T R A L IA , Q L D , M a in  R a n g e  N P , 
C u n n in g h a m 's  G a p , 8 0 0 m , 15. A P R  1955

A N IC /A Z
27

A n th e lid a e A n th e la
r e p le ta

m ale A U S T R A L IA , V IC , M o e , 1. S E P  1950 A N IC /A Z
58

A n th e lid a e A n th e la
r e p le ta

m ale 3 6 °3 0 'S  148°1 9 'E , A U S T R A L IA , N S W , K o sc iu sk o  
N P , T h re d b o , 1 400m , 22 . JA N  1989

A N IC /A Z
57

A n th e lid a e A n th e l a  
r e p le ta  s sp .

m ale A U S T R A L IA , T A S , P o t H ill 1km  W  C h im n ey , 
3 7 0 m , 19. O C T  1980

A N IC /A Z
55

A n th e lid a e A n th e la
r u b ic u n d a

m ale 2 1 °3 5 'S  1 17°04 'E , A U S T R A L IA , W A , 1km  N 
M ills tre a m  H S , 9. A P R  1971

A N IC /A Z
14

A n th e lid a e A n th e l a
r u b ic u n d a

m ale 2 2 °3 5 '4 8 .5 "S  118 ° 2 7 '0 5 .1 ”E , A U S T R A L IA , W A , 
K arijin i N P , D ju n a  D o w n s  R d , ~ 2 k m  S R a n g e r  S tn  
[M u lg a ], 14. M A Y  2 0 0 3

A N IC /A Z
2 45

A n th e lid a e A n th e la
r u b ic u n d a

m ale 2 5 °4 6 'S  1 3 3 °1 7 'E , A U S T R A L IA , N T , 8 k m  N 
K u lg e ra , 21 . S E P  1978

A N IC /A Z
2 6 6

A n th e lid a e A n th e l a
r u b ic u n d a

m ale 2 4 °1 5 'S  1 3 3 °2 6 'E , A U S T R A L IA , N T , Jam e s  
R an g es , 22 . S E P  1978

A N IC /A Z
2 6 7

A n th e lid a e A n th e l a
r u b ic u n d a

m ale 2 1 °3 5 'S  1 1 7 °0 4 'E , A U S T R A L IA , W A , 1km  N 
M ills tre a m , 8. A P R  1971

A N IC /A Z
2 6 9

A n th e lid a e A n th e la
r u b ic u n d a

m ale A U S T R A L IA , S A , lm i E S E  O o ld e a , 3. O C T  1968 A N IC /A Z
2 6 4

A n th e lid a e A n th e l a
r u b ic u n d a

m ale 2 1 °3 5 'S  1 1 7 °0 4 'E , A U S T R A L IA , W A , 1km  N E  
M ills tre a m  H S ., 4 . A P R  1971

A N IC /A Z
2 6 8

A n th e lid a e A n th e l a
r u b ic u n d a

m ale 3 2 °5 1 'S  1 4 1 °3 7 'E , A U S T R A L IA , N S W , 100km  
S b y E  B ro k e n  H ill, 2. O C T  1988

A N IC /A Z
2 65

A n th e lid a e A n th e l a  sp. 
n e a r  a d r ia n a

m ale 2 2 °3 5 '4 8 .5 "S  1 1 8 °2 7 '0 5 .1 "E , A U S T R A L IA , W A , 
K arijin i N P , D ju n a  D o w n s  R d , ~ 2 k m  S R a n g e r  S tn  
[M u lg a ], 14. M A Y  2 0 0 3

A N IC /A Z
2 4 6

A n th e lid a e A n th e l a  sp . 
n e a r
a s c i s c e n s

m ale A U S T R A L IA , W A , 2 8 m i W  M a d u ra , 30 . A P R  
1968

A N IC /A Z
132

A n th e lid a e A n th e l a  sp . 
n e a r  h a s  ip e r  a

m a le A U S T R A L IA , W A , 1 1km  N  G e ra lto n , D ru m m o n d  
C o v e , 30 . A P R  1973

A N IC /A Z
2 5 9

A n th e lid a e A n th e l a  sp. 
n e a r  b a s ig e r a  
o r  A .
b a s ig e r a  ssp .

m a le A U S T R A L IA , W A , 1 1km  N G e ra lto n , D ru m m o n d  
C o v e , 2. M A Y  1973

A N IC /A Z
177

A n th e lid a e A n th e l a  sp. 
n e a r  d e m e n t i

m ale 2 1 °1 9 '5 7 .7 "S  1 1 7 ° 1 4 '2 3 .9 "E , A U S T R A L IA , W A , 
M ills tre a m -C h ic h e s te r  N P , P y th o n  P o o l, 11. M A Y  
200 3

A N IC /A Z
2 4 8

A n th e lid a e A n th e l a  sp . 
n e a r
d e n t i c u la ta

m ale 3 2 °1 5 'S  1 2 5 °3 2 'E , A U S T R A L IA , W A , 5 k m  E N E  
C a ig u n a , 11. A P R  1983

A N IC /A Z
2 5 8

A n th e lid a e A n th e l a  sp. 
n e a r
d e n t i c u la ta  o r  
A . d e n t ic u la ta  
ssp .

m a le 3 2 °1 5 'S  1 2 5 °3 2 'E , A U S T R A L IA , W A , 5 k m  E N E  
C a ig u n a , 11. A P R  1983

A N IC /A Z
176

A n th e lid a e A n th e l a  sp. 
n e a r  n ic o th o e

m ale A U S T R A L IA , T A S , lO m i E  M a rra w a h , 15. F E B  
1963

A N IC /A Z
67
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f a m ily s p e c ie s g e n 
d e r

c o l le c t in g  d a ta p r e p a r a 
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A n th e lid a e A n t h e l a  sp. 
n e a r
p h o e n ic i a s

m ale 2 1°56 'S  1 1 5 °3 9 'E , A U S T R A L IA , W A , 17km  N b y E  
o f  C a n e  R iv e r H S , 27 . A P R  1971

A N IC /A Z
2 7 9

A n th e lid a e A n th e l a  sp . 
n e a r  r e p /e ta

m ale A U S T R A L IA , N S W , B a rren  G ro u n d s , F a u n a  R es ., 
2 . F E B  1971

A N IC /A Z
54

A n th e lid a e A n th e l a
s t y g ia n a

m ale A U S T R A L IA , W A , M a d u ra . 20 . M A R  1968 A N IC /A Z
193

A n th e lid a e A n th e l a
s h ’g ia n a

m ale A U S T R A L IA , S A , 6m i W  Iron  Kmob, 16. M A R  
1968

A N IC /A Z
192

A n th e lid a e A n th e l a
te t r a p h r i c a

m ale 3 1°04 'S  121°0 3 'E , A U S T R A L IA , W A , 1 6km  S W  
o f  C o o lg a rd ie , 12. M A R  1996

A N IC /A Z  3

A n th e lid a e A n th e l a  

t e t r a p h r i c a  

(A ) _

m ale 2 9 °5 4 'S  12 1 °0 7 ’E , A U S T R A L IA , W A , 2 5 k m  S 
M e n z ie s , 5. M A Y  1984

A N IC /A Z
133

A n th e lid a e A n th e l a
te t r a p h r i c a
(B )

m ale 2 9 °5 4 'S  121°0 7 'E , A U S T R A L IA , W A , 2 5 k m  S 
M e n z ie s , 5. M A Y  1984

A N IC /A Z
134

A n th e lid a e A n th e l a
u n is ig n a

m ale 2 1 ° 3 4 '4 6 .4 " S  1 1 7 °0 5 '2 9 .9 "E , A U S T R A L IA , W A , 
M ills tre a m -C h ic h e s te r  N P , P ip e lin e  R d , 6 k m  
N b y W  ra n g e r  s tn , 0 9 . M A Y  2 0 0 3

A N IC /A Z
2 4 9

A n th e lid a e A n th e l a  v a r ia fe m a le  A U S T R A L IA , A C T , B la c k  M tn , 9. JA N  1964 A N IC /A Z
145

A n th e lid a e A n th e l a  v a r ia  
(A )

m ale 2 3 °4 6 'S  1 3 3 °4 7 'E , A U S T R A L IA , N T , 12km  
S W b y W  A lic e  S p rin g s , R o e  C r., 9 . O C T  1978

A N IC /A Z
22

A n th e lid a e A n th e l a  v a r ia  
(A )

m ale 2 1 °3 7 'S  1 17°06 'E , A U S T R A L IA , W A , 5 k m  S E  
M ills tr e a m  H S , 12. A P R  1971

A N IC /A Z
23

A n th e lid a e A n th e l a  v a r ia  

(A )
m ale 15°28 'S  145 °1 3 ’E , A U S T R A L IA , Q L D , 4 k m  W b y S  

C o o k to w n , 2 1 . M A Y  1977
A N IC /A Z
85

A n th e lid a e A n th e l a  v a r ia  
(A )

m ale A U S T R A L IA , Q L D , A th e rto n  T a b le la n d , 
M ills tre a m  F a lls , 3. D E C  1967

A N IC /A Z
21

A n th e lid a e A n th e l a  v a r ia  
( B l )

m ale A U S T R A L IA , A C T , B lack  M tn , 18. N O V  1959 A N IC /A Z
82

A n th e lid a e A n th e l a  v a r ia  

(B 2 )
m ale A U S T R A L IA , N S W , W ilto n , C S IR O , E x p . F m ., 

30 . D E C  1973
A N IC /A Z
84

A n th e lid a e A n th e l a  v a r ia  
(B 2 )

m ale A U S T R A L IA , V IC , M o e , 20 . F E B  1939 A N IC /A Z
83

A n th e lid a e A n th e l a  v a r ia

(B 3 )

m ale 3 1 °4 9 'S  1 4 1°12 'E , A U S T R A L IA , N S W , 9 k m  N N W  
S ilv e r to n , U m b e ru m b e rk a  R e se rv o ir , 1. M A Y  1976

A N IC /A Z
86

A n th e lid a e A n th e l a  v a r ia  

(B 4 )
m ale 2 3 °4 6 'S  1 3 3 °4 6 'E , A U S T R A L IA , N T , R o e  C k  

1 2 k m  S W b y W  o f  A lic e  S p rin g s , 27 . S E P  1978
A N IC /A Z
87

A n th e lid a e A n th e l a  v a r ia  
(C )

m ale 3 1°22'S  1 3 1 °4 7 'E , A U S T R A L IA , SA , 14km  N N W  
Y a la ta  M iss io n , 9. A P R  1983

A N IC /A Z
91

A n th e lid a e A n th e l a  v a r ia  

(C )
m ale A U S T R A L IA , W A , P e rth , 4 . M A R  [1 9 ]0 2 A N IC /A Z

90
A n th e lid a e A n th e l a  v a r ia  

(C )
m ale A U S T R A L IA , W A , 2 8 m i W  M a d u ra , 30 . A P R  

1968
A N IC /A Z
89

A n th e lid a e A n th e l a  v a r ia  
(P N G 2 )

m ale P A P U A  N E W  G U IN E A , W e s te rn  H ig h la n d s , 
K a n d e p , 8 0 0 0 -8 5 0 0 f t,  23 . D E C  1961 -  14. F E B  
1962

A N IC /A Z
97

A n th e lid a e A n th e l a  v a r ia  
(P N G 3 )

m ale P A P U A  N E W  G U IN E A , W e ste rn  D is tr ic t , R o u k u , 
M o re h e a d  R iv e r, 19. M A R - 2 8 .  M A Y  1962

A N IC /A Z
98

A n th e lid a e A n th e l a  v a r ia  
(P N G 4 )

m ale P A P U A  N E W  G U IN E A , P o rt M o re sb y  (M t. L aw e , 
1 3 0 0 ft), 5. M A R  -  12. M A Y  1963

A N IC /A Z
100

A n th e lid a e A n th e l a  v a r ia  
(sp .)

m ale 15°58 'S  1 2 9 °3 3 'E  (G P S ), A U S T R A L IA , N T , 
P in k e r to n  R a n g e , 3. A P R  1995

A N IC /A Z
127

A n th e lid a e A n th e l a
v a r ia /a s ta ta
(sp .)

m ale A U S T R A L IA , T A S , C o llin sv a le , 11. O C T  1977 A N IC /A Z
56
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A n th e lid a e A n t  h e la  
v a r ia /a s ta ta /a  
c u ta  ( Z 1)

m ale A U S T R A L IA , Q L D . 9m i W  P a lu m a , 8 3 0 m , 15. 
A P R  1969

A N IC /A Z
76

A n th e lid a e A n t  h e la  

v a r ia /a s ta ta /a  
c u ta  (Z 2)

m ale 13°44 'S  14 3 °2 0 ’E , A U S T R A L IA , Q L D , M c llw ra ith  A N 1 C /A Z  
R a ., G o ld e n  N u g g e t C k  C a m p  S ite , 2. JU L  1989 88

A n th e lid a e A n t  h e la  
v i r e s c e n s

m ale A U S T R A L IA , Q L D , S p rin g b ro o k , 11. F E B  43 A N IC /A Z
25

A n th e lid a e A n th e l a
v i r e s c e n s

m ale 28°1 TS 153° 1 E E , A U S T R A L IA , Q L D , L a m in g to n  A N 1 C /A Z  
N P , B in n a  B u rra , 7 0 0 m , 1. M A Y  1989  26

A n th e lid a e A n th e l a
v i r e s c e n s

m ale A U S T R A L IA , N S W , T o o lo o m  S c ru b , 26 . M A R  
[19]41

A N IC /A Z
2 4

A n th e lid a e A n th e l a
x a n th a r c h a

m ale A U S T R A L IA , N S W , Y a n c o , M A R  1970 A N IC /A Z
18

A n th e lid a e A n th e l a
x a n th o c e r a

m ale A U S T R A L IA . Q L D , M illm e rra n , 12. JA N  1938 A N IC /A Z
48

A n th e lid a e C h e le p te r y ’x
c h a le p t e t y x

fem a le A U S T R A L IA , V IC , M o e , 7. A P R  1927 A N IC /A Z
2 8 7

A n th e lid a e C h e J e p te r y x
c h a le p t e t y x

m ale 3 5 °4 0 'S  150°13 'E , A U S T R A L IA , N S W , 6 .5 k m  N E  
o f  B a te m a n s  B ay , 2 1 . JU N  1980

A N IC /A Z  4

A n th e lid a e C h e le p t e i y x
c o l l e s i

m ale A U S T R A L IA , A C T , B la c k  M tn , 26 . A P R  1968 A N IC /A Z
128

A n th e lid a e C h e n u a la
h e l ia s p i s

fem ale 3 5 °1 3 'S  1 4 8 °3 6 ’E , A U S T R A L IA , N S W , 13km  
S W b y S  W e e  J a sp e r , 8 6 0 m  as l, 18. A P R  1987

A N IC /A Z
2 8 9

A n th e lid a e C h e n u a la
h e l ia s p i s

fem a le A U S T R A L IA , A C T , M t. G in in i, 9. JA N  1957 A N IC /A Z
2 8 8

A n th e lid a e C h e n u a la
h e l ia s p i s

m ale A U S T R A L IA , N S W , 2 .7 k m  N E  Q u e a n b e y a n , 
6 7 0 m , 4 . A P R  1976

A N IC /A Z  8

A n th e lid a e C h e n u a la
h e l ia s p i s

m ale A U S T R A L IA , V IC . M o e , 2 . JA N  1936 A N IC /A Z
186

A n th e lid a e C h e n u a la
h e l ia s p i s

m ale A U S T R A L IA , N S W , A rm id a le , 8. A P R  1956 A N IC /A Z
185

A n th e lid a e A n th e lin a e  n. 
sp .

m ale 17° 16 'S  14 5 ° 5 1 ’E , A U S T R A L IA , Q L D , M t. 
B e lle n d e n  K er, C e n tre  P e a k , 1 5 6 0 m , 15. F E B  1988

A N IC /A Z
2 0

A n th e lid a e C o r t ic o m is
e u p te r o t io id e
s
[H O L O T Y P E

]

m ale IN D O N E S IA , Ir ia n  Jay a , D o o rm a n  to p , 3 5 0 0 m ; 
W .C . v an  H e u m  &  K a p it. v an  A rk e ld o n  leg . (N . 
G u in e a  E x p . 1 920), O C T  1920

R M N H /A Z
3

A n th e lid a e C o r t ic o m is  
s p . (1 )

m ale P A P U A  N E W  G U IN E A , M t. G ilu w e , 1 1 ,0 0 0 ; 
C o o d e  4 3 2 /2 ; w ith  P. W a rd k  &  P. K a tik ; m o ss  
fo re s t/g ra ss , JU N  [1 9 ]6 9

R M N H /A Z
1

A n th e lid a e C o r t ic o m is  
sp . (2 )

m ale IN D O N E S IA , Ir ia n  Ja y a , S te r re n  M tn s , B iv a k  4 2 , 
3 4 0 0 m  (N ie u w  G u in e a  N ed . E x p . 1 959), 26 . JU L  
1959

R M N H /A Z
2

A n th e lid a e G e p h v r o n e u r  
a  c o s m ia

m ale A U S T R A L IA , Q L D , 7m i N N E  R a v e n sh o e , 22 . 
A P R  1969

A N IC /A Z
141

A n th e lid a e G e p h v r o n e u r  
a  c o s m ia

m ale 2 3 °1 8 'S  150°3 2 'E , A U S T R A L IA , Q L D , 8 k m  N N E  
R o c k h a m p to n , 4 . S E P  1980

A N IC /A Z
142

A n th e lid a e M u n v c h t y ia

p e r i c l y t a
m ale 3 4 °0 9 'S  1 15°31 'E , A U S T R A L IA , W A , 3 8 k m  E b y N  A N 1 C /A Z  

K a rr id a le , 23 . A P R  1983 137
A n th e lid a e M u n v c h t y ia

p e r i c l y t a
m ale 3 4 °3 2 'S  1 16°00 'E , A U S T R A L IA , W A , 10km  S b y W  A N IC /A Z  

P e m b e r to n , 22 . A P R  1983 138
A n th e lid a e M u n v c h t y ia

p e r i c l y t a
[P a ra ty p u s l

m ale A U S T R A L IA , W A , M t. S in g le to n , 2 3 0 0 ft , 20 . JU N  A N IC /A Z  
1963 135

A n th e lid a e M u n v c h t y ia
s e n i c u la

fem a le A U S T R A L IA , N S W , St. G e o rg e ’s B a s in , 16. M A R  
1960

A N IC /A Z
2 9 0

-  599 -



f a m ily s p e c ie s g e n 
d e r

c o l le c t in g  d a ta p r e p a r a 
t io n  #

A n th e lid a e M u n y c h i y ia  
s e n i c u la  (A )

m ale 17°39 'S  145°2 7 'E , A U S T R A L IA , Q L D , T h e  
M ills tre a m  F a lls  5 k m  S W  o f  R a v e n sh o e , 8 2 0 m , 25 . 
N O V  1998

A N 1C /A Z
34

A n th e lid a e M u n y c h i y ia  

s e n i c u la  (B )
m ale A U S T R A L IA , V IC , L ittle  D e se rt , 26 . O C T  1946 A N IC /A Z

139
A n th e lid a e M u n y c h i y ia  

s e n i c u la  (B )
m ale A U S T R A L IA , T A S , N o rth d o w n  H e a th , 24 . A P R  

1987
A N IC /A Z
140

A n th e lid a e N . g en . n. sp. 
n e a r
M u n y c h i y i a /
G e p h y r o n e u r
a

m ale A U S T R A L IA , W A , M t. S in g le to n , 2 3 0 0 ft. 29 . 
A U G  1963

A N IC /A Z
136

A n th e lid a e N a ta x a
a m b lo p is

m ale A U S T R A L IA , Q L D , M illm e rra n , 7. S E P  [1 9 ]2 7 A N IC /A Z
107

A n th e lid a e N a ta x a
f la v e s c e n s

fe m a le  A U S T R A L IA , V IC , B la irg o w rie , 3. F E B  1962 A N IC /A Z
2 9 2

A n th e lid a e N a ta x a
f l a v e s c e n s

m ale 2 7 °3 3 'S  1 5 1 °5 9 'E , A U S T R A L IA , Q L D , 
T o o w o o m b a , P r in c e  H e n ry  H e ig h ts , 6 2 0 m , 8. JA N  
1986 (em g d )

A N IC /A Z
191

A n th e lid a e N a ta x a
f l a v e s c e n s

m ale A U S T R A L IA , A C T , B la c k  M tn , 5. F E B  1969 A N IC /A Z  9

A n th e lid a e O m p h a l io d e s  
o b s c u r a  (1 )

m ale 2 4 °2 0 'S  3 1°35 'E , A U S T R A L IA , N T , A m ad eu s  
B a s in , n r  R e e d y  R o c k h o le , 31 . JU L  1962

A N IC /A Z
108

A n th e lid a e O m p h a l io d e s  
o b s c u r a  (1 )

m a le 3 0 °5 9 'S  1 18°5 5 'E , A U S T R A L IA , W A , K a ro lin  
R o c k  18km  W  B u llf in c h , 11. M A Y  1984

A N IC /A Z  5

A n th e lid a e O m p h a l io d e s  
o b s c u r a  (2 )

m ale 3 1 °5 8 'S  1 2 4 °2 8 'E , A U S T R A L IA , W A , 4 9 m i N E  
B a lla d o n ia  H S , 10. O C T  1968

A N IC /A Z
109

A n th e lid a e O m p h a l io d e s  
o b s c u r a  (3 )

m ale A U S T R A L IA , W A , M t. S in g le to n , 2 3 0 0 ft, 29 . S E P  
1948

A N IC /A Z
110

A n th e lid a e P s e u d o d r e a ta
sp.

fem a le P A P U A  N E W  G U IN E A , W e s te rn  H ig h la n d s , M t. 
H a g e n  R a n g e , M u rm u r  P ass , 8 7 0 0  ft., 27 . O C T  -  
20 . D E C  1961

A N IC /A Z
2 9 4

A n th e lid a e P s e u d o d r e a ta
sp.

m a le [ IN D O N E S IA , Ir ian  Jay a ] "5" [K . C e m y  leg ., ex 
co ll. B . P lo e s se l] ,

C A Z S /A Z
190

A n th e lid a e P s e u d o d r e a ta
sp.

m ale P N G , K o d a m a  R a n g e , M t. K a in d i, 4 5 0 0 f t ., 27 . 
F E B  1952

A N IC /A Z
2 6 0

A n th e lid a e P s e u d o d r e a ta  
s p . (1 )

m ale P A P U A  N E W  G U IN E A , A m a z o n  B ay  area , 
R o m a n ia , 3 4 0 0 ft, W . W . B ra n d t leg ., 11. -  26 . 
N O V  1962

A N IC /A Z
30

A n th e lid a e P s e u d o d r e a ta

sp- (2 )
m ale P A P U A  N E W  G U IN E A , F in is te re  R a n g e , N 

F re y b e rg  P a ss , 8 5 0 0 ft, 1 . - 2 2 .  O C T  1958
A N IC /A Z
102

A n th e lid a e P s e u d o d r e a ta  

sp. (3 )
m ale P A P U A  N E W  G U IN E A , W e s te rn  H ig h la n d s , Jim i 

R iv e r, 4 7 0 0 f t ,  16. JU L  -  21 . S E P  1961
A N IC /A Z
103

A n th e lid a e P s e u d o d r e a ta  
sp. (4 )

m a le P A P U A  N E W  G U IN E A , T e le fo m in  (F e ra m in ) , 
4 7 0 0 ft , 2. M A Y  -  18. JU N  1959

A N IC /A Z
104

A n th e lid a e P s e u d o d r e a ta  
sp. (5 )

m a le P A P U A  N E W  G U IN E A , E a s te rn  H ig h la n d s , M t. 
W ilh e lm , P e n g a l R iv e r, 9 2 0 0 ft, 16. M A Y  -  9. JU N  
1963

A N IC /A Z
105

A n th e lid a e P s e u d o d r e a ta  
sp. (6 )

m a le P A P U A  N E W  G U IN E A , W e s te rn  H ig h lan d s , 
K a n d e p , 8 0 0 0 -8 5 0 0 f t,  23 . D E C  1961 -  14. F E B  
1962

A N IC /A Z
106

A n th e lid a e P s e u d o d r e a ta

sp- (6)
m ale P A P U A  N E W  G U IN E A , K o d a m a  R a n g e , M t. 

K a in d i, 4 5 0 0 f t . ,  1951
A N IC /A Z
190

A n th e lid a e P s e u d o d r e a ta  

sp- (7)
m ale P A P U A  N E W  G U IN E A , M o ro b e  D „  M t. K ain d i, 

9. JU L  1976
C P M B /A Z  1

A n th e lid a e P te r o lo c e r a
a m p l ic o r n i s

m ale 3 5 °1 9 'S  149°0 8 'E , A U S T R A L IA , A C T , B arto n , 
Y o rk  P ark , 13. M A R  1985

A N IC /A Z  7

- 6 0 0 -



fa m ily s p e c ie s  g e n 
d e r

c o l le c t in g  d a ta p r e p a r a 
t io n  #

A n th e lid a e P te r o lo c e r a  m ale  
e / i z a b e th a  (?)

31 ° 4 1 'S 1 15°48 'E , A U S T R A L IA , W A , N e e ra b u p , 
F ly n n  D riv e , 19. M A R  1996

A N IC /A Z  6

A n th e lid a e P te r o lo c e r a  m a le  
i s o g a m a

A U S T R A L IA , W A , E ast Y u n a  [“ B u n y a  B u n y a"], 
JU N  1949

A N IC /A Z
172

A n th e lid a e P te r o lo c e r a  m a le  
le u c o c e r a

A U S T R A L IA , N S W , W ilto n , C S IR O , E x p . F m ., 8. 
M A R  1971

A N IC /A Z
167

A n th e lid a e P te r o lo c e r a  n. m a le  
sp . n e a r  
i s o g a m a

3 1 °0 1 'S  120°5 l 'E , A U S T R A L IA , W A , 2 k m  W b y S  
B u lla b u llin g , 6. M A Y  1984

A N IC /A Z
147

A n th e lid a e P te r o lo c e r a  m a le

j P i l l

4 3 ° 2 5 'S  1 4 6 °0 9 'E , A U S T R A L IA , T A S , M e la le u c a , 
28 . N O V  1991

A N IC /A Z
168

A n th e lid a e P te r o lo c e r a  m a le  
sp  (2 )

3 5 °0 5 'S  1 7 7 °5 4 'E , A U S T R A L IA , W A , 7 k m  S b y E  
A lb a n y , 18. A P R  1983

A N IC /A Z
169

A n th e lid a e P te r o lo c e r a  m a le  
sp  (3 )

A U S T R A L IA , T A S , T a m a r R iv e r, E x e te r , 13. JU N  
1963

A N IC /A Z
170

A n th e lid a e P te r o lo c e r a  m a le  
sp  (4 )

A U S T R A L IA , W A , 1 1km  N G e ra lto n , D ru m m o n d  
C o v e , 8. JU N  1973

A N IC /A Z
171

A n th e lid a e P te r o lo c e r a  m a le  
s p ( 5 )

A U S T R A L IA , V IC , E ast M a lv e rn , M A R  1957 A N IC /A Z
173

A n th e lid a e P te r o lo c e r a  m a le  
sp  (6 )

A U S T R A L IA , V IC  (S E ), M an n 's  B e a c h , 2. M A R  
1957

A N IC /A Z
174

B o m b y c id a e A n d r a c a  n. m a le
sp.

8 °4 3 '5 4 "N  1 1 7 °3 4 '0 4 "E , P H IL IP P IN E S , P a la w a n , 
B a ta ra z a , M a lih u d , p rim , fo re s t 6 k m  N , h illto p , 
7 3 0 m , 02 . JU N  2 0 0 0

C A Z S /A Z
231

B o m b y c id a e G a s tr id io ta  m a le  
a d o x im a

2 7 °3 3 'S  1 5 1°59 'E , A U S T R A L IA , Q L D , 
T o o w o o m b a , P r in c e  H e n ry  H e ig h ts , 6 2 0 m , 3. 
M A Y  1989 (e m g d )

A N IC /A Z
150

B o m b y c id a e M u s t i l ia  fem a le
g e r o n t ic a

T H A IL A N D , v ie . P a k  C h o n g , K h a o  Y ai N P , 4 .-2 2 . 
S E P  1998

C A Z S /A Z
2 3 8

B o m b y c id a e M u s t i l ia  m a le
g e r o n t i c a

T A IW A N , N a n to u  P ro v ., P u li P re f ., 2 5 .-2 8 . F E B  
1998

C A Z S /A Z
23 2

B o m b y c id a e P r is m o s t ic ta  m a le  
t i r e t ta

IN D O N E S IA , S u m a tra  B a ra t, M t. S in g g a la n g , 
2 1 0 0 m , n e a r  P a d a n g  P a n ja n g , 10 .-11 . F E B  1996

C A Z S /A Z
23 3

B o m b y c id a e Q u e n ta l ia  m a le
e p h o n ia

E L  S A L V A D O R , S a n  S a lv a d o r , 3. S E P  1951 C A Z S /A Z
2 2 7

B o m b y c id a e :
A p a te lo d in a e
B ra h m a e id a e

O lc e c lo s te r a  m a le  
s e r a p h ic a

U S A , T e x a s , V a l V e rd e  C o . m a le  x  J e f f  D av is  
C o u n ty  fem a le ; b re d , em g d . Ju ly  1994

C A Z S /A Z
22 6

B r a h m o p h th a  m a le  
Im a  h e a r s e y i

IN D O N E S IA , S u m a tra , N W  o f  P e m a ta n g  S ian ta r, 
T in g g i R a ja , 3 5 0 m , 15. F E B  1996

C A Z S /A Z
215

C a rth a e id a e C a r th a e a  m a le
s a tu r n io id e s

3 3 °2 7 '0 7 .2 "S  1 2 3 ° 2 6 T 6 .2 "E  A U S T R A L IA , W A , 
C a p e  A rid  N P , tra c k  to  M t. R a g g e d , ~ 2 0 0 m  asl, 30 . 
O C T  2 0 0 3

C A Z S /A Z
2 2 4

E n d ro m id a e E n d r o m is  fem a le
v e r s ic o lo r a

C Z E C H IA  (? )  [b red ], 9. M A R  1991 (em g .) C A Z S /A Z
2 3 7

E n d ro m id a e E n d r o m is  m a le
v e r s ic o lo r a

C Z E C H IA , B o h e m ia , C h o m lito n  [b red ], 14. A P R  
1992

C A Z S /A Z
2 1 6

E u p te ro tid a e E u p te r o t e  m a le
s t v x  (? )

N ew  G u in ea , A ra b o e b iv a k  (N ie u w  G u in e a  E xp . 
K .N .A .G . 1 9 3 9 ), 1. N O V  1939

R M N H /A Z
4

E u p te ro tid a e E u p te ro tid a e  m ale  
sp ., n o t 
P h ia l a  sp .?

Z IM B A B W E  [?], K a sa n g e ji , 1 4 .x i.1 9 9 9 C A Z S /A Z
189

E u p te ro tid a e M e l a n e r g o n  m a le  

sp-

P A P U A  N E W  G U IN E A , E a s t S e p ik  P ., B ag i 
(G a v ie n ) , 5 0 m , 3. JU L  1975

C P M B /A Z  2

E u p te ro tid a e P a n a c e la  m a le
n y c t r o p a

A U S T R A L IA , N S W , C o ffs  H a rb o u r , 16. M A Y  
1966

A N IC /A Z
61

E u p te ro tid a e P a n a c e la  m a le
s y n t r o p h a

A U S T R A L IA , Q L D , lm i E  K u ra n d a , 22 . M A R  
1964

A N IC /A Z
60

-601 -



fa m ily sp e c ie s g e n 
d er

c o lle c t in g  d a ta p r e p a r a 
tion  #

E u p te ro tid a e P h ia la  

a r r e c ta  (? )

m ale Z IM B A B W E , H a lfa ra g , h o u se , 2 9 .i. 1998 C A Z S /A Z
187

E u p te ro tid a e P h ia la  sp. m ale R E P . S O U T H  A F R IC A , M k u z i-R e se rv e , 1 6 .i.2 0 0 0 C A Z S /A Z
93

E u p te ro tid a e P h ia la  sp. m ale Z IM B A B W E , N r. C h im a n im a n i N P , H a y fie ld  B , 
2 0 °0 1 'S  3 2 °5 8 'E , 9 2 0 m , 9 .-2 5 .i. 1998

C A Z S /A Z
188

E u p te ro tid a e P r e p to s  sp. m ale M E X IC O , V e ra  C ru z , ro a d  C o sc o m a te p e c  to  
T e te lc ln g o , km  14, 1 8 5 0 m , 02 . A U G  1992

C R O C /A Z  1

G e o m e tr id a e P a r a la e a
j a r r a h
[P a ra ty p e ]

m ale 3 4 °5 8 'S  1 16°5 6 'E , A U S T R A L IA , W A , 2 k m  W S W  
B o w  R iv e r B rid g e , 20 . A P R  1983

A N IC /A Z
189

G e o m e tr id a e P a r a la e a
p o r p h v r in a r ia

m ale A U S T R A L IA , A C T , B la c k  M tn , 8. M A Y  195 0 A N IC /A Z
188

L a s io c a m p id a e A r t  a c e  
c r ib r a r ia

m ale U S A , T e x a s , H u n tsv ille , 18 .v. 1992 C A Z S /A Z
186

L a s io c a m p id a e A r t  a c e  sp. m ale B O L IV IA , Y u n g a s  la P az , U n d u a v i/C o ro ic o , 
2 5 0 0 m , 19/23. N O V  1984

A N IC /A Z
166

L a s io c a m p id a e C h io n o p s y c h e
m o n ta n a

m ale K E N Y A , U m an i S p rin g s , 1050m , 0 2 ° 2 8 ’S 3 7 ° 5 5 'E , 
2 6 .-2 8 .iv .1 9 9 7

C A Z S /A Z
49

L a s io c a m p id a e C h o n d r o s te g a
sp.

m ale T U R K E Y , A d a n a , 1 400m , 0 9 .ix .1 9 9 2 C A Z S /A Z
50

L a s io c a m p id a e C r in o c r a s p e d  
a  to r r id a

m ale [T H A IL A N D ] "1 3 .9 . T B "  [ex  co ll. S w en  L o e ff le r , 
2 0 0 3 ],

C A Z S /A Z
2 1 8

L a s io c a m p id a e E r e m a e a
c o r a l l i p h o r a

m ale 31 ° 17 'S  142°18 'E , A U S T R A L IA , N S W , 
M o o tw in g e e  N P , H o m e s td  G o rg e , 6. O C T  1988

A N IC /A Z
151

L a s io c a m p id a e E r e m a e a  n. 
sp.

m ale 2 9 °5 4 'S  121°07 'E , A U S T R A L IA , W A , 2 5 k m  S 
M e n z ie s , 5. M A Y  1984

A N IC /A Z
153

L a s io c a m p id a e E r io g a s te r
la n e s tr i s

m ale [b red , ex  p u p a ], v .1 9 9 1 C A Z S /A Z
183

L a s io c a m p id a e E u g ly p h i s  sp. m ale B O L IV IA , Y u n g a s  la  P az , C ia c u a ta /C a ju a ta , 
2 4 0 0 m , 3 /5 . D E C  1984

A N IC /A Z
165

L a s io c a m p id a e G e n d u a r a

f o l a

m ale 2 1 °3 5 'S  1 1 7 °0 4 'E , A U S T R A L IA , W A , 1km  N 
M id s tre a m , 1. N O V  1970

A N IC /A Z
179

L a s io c a m p id a e M a c r o m p h a l i  
a  sp.

m ale C H IL E , E. P u e rto  M o u n tt, C o rre n to so , 
H o m o h u in c o , 3 /5 . M A R  1984

A N IC /A Z
164

L a s io c a m p id a e M a c r o m p h a l i  

a  sp.
m ale [C H IL E ,] S an  S e b a s tia n , 14. F E B  [19]61 A N IC /A Z

162
L a s io c a m p id a e M a c r o m p h a l i  

a  sp.
m ale [C H IL E ] T e rm a  d. R io  B la n c o  (C a u tin ) , 1 2 0 0 m , 

14. F E B  [1 9 ]6 4
A N IC /A Z
163

L a s io c a m p id a e M a c r o th y la c i  
a  r u b i

fem a le G E R M A N Y , H o h e n fe ls , au tu m n  1984 C A Z S /A Z
2 3 6

L a s io c a m p id a e M a la c o s o m a
n e u s t r ia

m ale [G R E A T  B R IT A IN ,]  P o rtc h e s te r , H a n ts , 2. A U G  
1911 (b re d )

A N IC /A Z
195

L a s io c a m p id a e O p s ir h in a  
a l  b ig u t  ta

m ale 3 5 °3 2 'S  1 4 8 °3 4 'E , A U S T R A L IA , A C T , M t. G in in i, 
1 660m , 28 . JA N  1984

A N IC /A Z
182

L a s io c a m p id a e O p s ir h in a
a lp h a e a

m ale 12°5 2 'S  1 3 2 °5 0 'E , A U S T R A L IA , N T , 1 5 k m  E  M t. 
C ah ill, K o o n g a rra , 8. M A R  1973

A N IC /A Z
184

L a s io c a m p id a e O p s ir h in a
le c h r io d e s

m ale A U S T R A L IA , A C T , B la c k  M tn , 17. A P R  1963 A N IC /A Z
183

L a s io c a m p id a e P a r a r g u d a
r u fe s c e n s

fem a le 3 5 ° 3 3 '1 5 .2 "S  1 5 0 °0 2 '0 4 .5 "E , A U S T R A L IA , N S W , 
B u d a w a n g  N P , ~ 5 k m  on  W e s te rn  D is tr ib u to r  R d , 
2 5 0 m  asl, 22 . S E P  2 0 0 4

C A Z S /A Z
23 5

L a s io c a m p id a e P e r n a t t ia
b r e v ip e n n is

m ale A U S T R A L IA , Q L D , C a rn a rv o n  G o rg e , 3 1 . M A R  
1957

A N IC /A Z
180

L a s io c a m p id a e P e r n a t t ia
c h lo r o p h r a g
m a

m ale 31 °4 7 'S  13 6 ° 2 1 'E , A U S T R A L IA , S A , N o o lta n a  C k  
13km  N W b y N  H a w k e r, 16. S E P  1978

A N IC /A Z
181
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fa m ily s p e c ie s g e n 
d e r

c o l le c t in g  d a ta p r e p a r a 
t io n  #

L a s io c a m p id a e P e m a t t i a
p u s i l l a

m ale A U S T R A L IA , A C T , B la c k  M tn , 24 . M A R  1960 A N 1C /A Z
143

L a s io c a m p id a e P in a r a  c a n a m ale  A U S T R A L IA , A C T , M a c q u a r ie , 15. D E C  1989 
(b red )

A N IC /A Z
196

L a s io c a m p id a e P o e c i lo c a n ip  
a  p o p u p

m ale C Z E C H IA , B o h e m ia , C h o m u to v , 2 0 .x . 1990 C A Z S /A Z
182

L a s io c a m p id a e T r ic h iu r a
c r a ta e g i

m ale G E R M A N Y , B o n n , K o tte n fo rs t , 5 ,ix . 1986 C A Z S /A Z
194

L e m o n iid a e S a b  a l ia  
p i c  a r  in  a

m ale 2 °5 4 .0 0 2 'S  3 7 ° 3 8 .9 0 0 'E , K E N Y A , rd  T sa v o  W est C A Z S /A Z  
N P  to O lo ito k ito k , r iv e r  b e d , ~  1 2 0 0 m  asl, 29 . M A R  2 2 0  
2003

L im a c o d id a e P s e u d a n a p a e  

a  tr a n s v e s t i ta
m ale A U S T R A L IA , A C T , B la c k  M tn , 10. M A R  1957 A N IC /A Z

175
L y m a n tr iid a e A r o a

c o m e ta r i s
m ale IN D O N E S IA , S o lo m o n  Is la n d s , G u d a lc a n a l Is l., 

B e tik am a  R iv e r, 6. A U G  -  2. O C T  1960
A N IC /A Z
261

L y m a n triid a e E u p r o c t i s
b a l io la l i s

m ale A U S T R A L IA , N S W , W o llo n g o n g , A P R  1953 A N IC /A Z
149

M e g a lo p y g id a e M e g a lo p y g e
o p e r c u la r is

m ale U S A , T e x a s , H u n tsv ille , 1 l.v .1 9 9 2 C A Z S /A Z
185

M im a llo n id a e M im a l lo  
a m  il ia

m ale B R A Z IL , S o u th , C A Z S /A Z
2 2 9

M im a llo n id a e T r o g o p te r a
a l th o r a

fem a le E L  S A L V A D O R , S an  S a lv a d o r , 14. A U G  1951 C A Z S /A Z
2 2 8

M irin id a e M ir in a  
c h r i s  to p h i

m ale R U S S IA , S. P rim o ry e , 2 0 k m  S E  U ssu riisk , 
G o rn o ta y o z h n o e , 1 4 .-2 2 .JU N  1995

C A Z S /A Z
2 3 0

O e n o sa n d rid a e D is c o p h le b ia
c a to c a l in a

m ale A U S T R A L IA , A C T , B la c k  M tn , 4 . JA N  1958 A N IC /A Z
159

O e n o sa n d rid a e O e n o s a n d r a
b o is d u v a l i i

fem a le A U S T R A L IA , V IC , M o e , 27 . M A R  1941 A N IC /A Z
293

O e n o sa n d r id a e O e n o s a n d r a
b o is d u v a l i i

m ale A U S T R A L IA , A C T , B la c k  M tn , 4 . M A R  1955 A N IC /A Z
158

P y ra lid a e :
P h y c itin a e

I n d o m y r la e a
a u c h m o d e s

m ale 10°12 'S  1 4 5 °4 9 'E , A U S T R A L IA , Q L D , S ue 
(W a rra b e r)  Is la n d , 12. JA N  1978

A N IC /A Z
187

S a tu m iid a e E a c le s
im p e r ia l i s
im p e r ia l i s

m ale U S A , F lo r id a , O rla n d o , 26 . S E P  1937 A N IC /A Z
154

S a tu m iid a e O p o d ip h th e r a
e u c a ly p t i

m ale A U S T R A L IA , Q L D , M a re e b a , 31 . D E C  1962 A N IC /A Z
197

S a tu m iid a e R h o d in ia
f u g a x

fem a le O C T  [1 9 ]5 9 C A Z S /A Z
2 3 9

S a tu m iid a e S y n th e r a ta
ja n e t ta

m ale A U S T R A L IA , Q L D , Ju la tte n , 20 . N O V  1979 A N IC /A Z
148

S a tu m iid a e :
A rse n u rin a e

A r s e n u r a
c io c o la t in a

m ale P E R U  (N O ), (A m a z o n a s a b h a e n g e ) , D ep o t. 
A m a z o n a s , S tre c k e  B a g u a -C h ic a -N a z a re th , 7 0 0 - 
1 100m , O c t-D e z . 1998

C A Z S /A Z
22 3

S a tu m iid a e :
C e rc o p h a n in a e

C e r c o p h a n a
v e n u s ta

m ale C H IL E , C o lim a , S a n tia g o , P e n a , 3. M A Y  [1 9 ]7 9 C A Z S /A Z
2 22

S a tu m iid a e :
O x y te n in a e

T h e r in ia
b u c k le y i

m ale B O L IV IE N , D ep t. S ta  C ru z , P ro v . C h a p a re , A lto  
P a lm a r, 1 0 0 0 -1200m , H a e n d le rm a te r ia l c /o  L am p e , 
A P R  1992

C A Z S /A Z
221

S a tu m iid a e :
S a tu m iin a e

L o e p a
d iv e r s io c e l la t
a

m ale 16°10 'N  1 0 7 °5 4 'E , V IE T N A M , B a c h -m a  N P , 
1 200m , 26 . JU L  -  6. A U G  1996

C A Z S /A Z
225

S p h in g id a e A g r iu s
c o n v o lv u l i

fem a le 1 1°58 'S  1 4 2 °5 5 'E , A U S T R A L IA , Q L D , H a n n e r  
C k , r iv e r in e  fo re s t, 22 . M A Y  1993

A N IC /A Z
2 9 6

S p h in g id a e C o e n o te s
e r e m o p h i la e

m ale A U S T R A L IA , Q L D , E m e ra ld , 2. JA N  [1 9 ]2 0 A N IC /A Z
155
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fa m ily sp ec ie s g e n 
d er

c o l le c t in g  d a ta p r e p a r a 
tion  #

S p h in g id a e H o p l io c n e m a
b r a c h v c e r a

m a le 2 4 °  1 l 'S  1 3 4 °0 1 'E , A U S T R A L IA , N T , 5 6 k m  S b y E  
o f  A lice  S p rin g s . 3. O C T  1978

A N IC /A Z
157

S p h in g id a e M a r io n  b a  
t ig r in a

m a le P H IL IP P IN E S , P a la w a n , M a lih u d , 18 .ix .-1 .x . 1998 C A Z S /A Z
123

S p h in g id a e S m e r in th u s
ja m a ic e n s i s

m a le C A N A D A , O n ta r io , D u n n v ille , 4. JU N  1958 A N IC /A Z
194

S p h in g id a e S y n o e c h a
m a r m o r a ta

m a le A U S T R A L IA , Q L D , In ju n e , 3. F E B  [1 9 ]3 7 A N IC /A Z
156

S p h in g id a e X e n o s p h in g i a
ja n s e i

m a le 18°03 'S  2 2 ° 1 T E , S O U T H  W E S T  A F R IC A , O m e g a  
m il. b a se , C a p riv i, 1000m , 05 . F E B  1985

C R O C /A Z  2

T h y rid id a e A g la o p u s
p y r r h a ta

m ale A U S T R A L IA , A C T , B la c k  M tn , 20. JA N  1969 A N IC /A Z
160
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A P P E N D I X  G

WHOLE SPECI MEN P R E P A R A T I O N S

f a m ily s p e c ie s g e n 
d e r

c o ll ,  lo c a l i ty p r e p a r a 
t io n  #

A n th e lid a e A n th e l a  a c u ta  g rp . m a le A U S T R A L IA , Q L D , B r is b a n e , M t. C o o -th a , 
S la u g h te r  F a lls

C A Z S /A Z  
w h o le  5

A n th e lid a e A n t  h e  la  a d r ia n a m ale 2 1 ° 3 4 '4 6 .4 "S  1 1 7 °0 5 '2 9 .9 "E , A U S T R A L IA , 
W A , M ills tre a m -C h ic h e s te r  N P , P ip e lin e  R d , 
6 k m  N b y  W  ra n g e r  stn

C A Z S /A Z  
w h o le  4

A n th e lid a e A n th e l a  v i r e s c e n s m ale A U S T R A L IA , Q L D , T o o lo o m  S cru b C A Z S /A Z  
w h o le  11

A n th e lid a e C h e le p te r y x m ale A U S T R A L IA , N S W , 13m i N  D u n g o g C A Z S /A Z
c h a le p t e r y x w h o le  10

A n th e lid a e M u n y c h r y ia  s e n i c u la m ale A U S T R A L IA , N S W , St. G e o rg e 's  B a s in C A Z S /A Z  
w h o le  9

A n th e lid a e P te r o lo c e r a  sp. fem al
e

A U S T R A L IA , A C T , C a n b e rra , G u n g a h lin  
G ra ss la n d  n r  P a lm e rs to n ; ex  la rv a

C A Z S /A Z  
w h o le  18

B o m b y c id a e A p  a t  e l  o d e s  sp. m a le P E R U , S ie r ra  de  D io s C A Z S /A Z  
w h o le  3

B o m b y c id a e B o m b y x  m o r i m a le [b red ] C A Z S /A Z  
w h o le  2

B o m b y c id a e O c in a r a  f i c i c o l a m a le 2 °2 7 .9 3 8 'S  3 7 ° 5 4 .9 8 8 'E , K E N Y A , K ib w e z i, 
U m an i S p rin g s  C am p , ~ 1 0 5 0 m  asl

C A Z S /A Z  
w h o le  15

B o m b y c id a e O c in a r a  n. sp. m a le P H IL IP P IN E S , P a la w a n , M a lih u d  M tn s , h o u se  
o f  C e d in g

C A Z S /A Z  
w h o le  14

E u p te ro tid a e E u p te r o t e  sp. m a le P H IL IP P IN E S , S am ar, M t. C a p o to a n , 6 0 0 m C A Z S /A Z  
w h o le  7

E u p te ro tid a e G a n is a  p la n a m ale P H IL IP P IN E S , P a la w a n , S a la k o t F a lls , ro a d , 
3 0 0 m  asl

C A Z S /A Z  
w h o le  17

L a s io c a m p id
ae

C h io n o p s y c h e
m o n ta n a

m a le 3 °2 6 .5 9 9 'S  3 7 ° 3 6 .3 4 8 'E , K E N Y A , T a v e ta , 
K ito b o  F o re s t, ~ 9 0 0 m  asl

C A Z S /A Z  
w h o le  8

L a s io c a m p id
ae

P o e c i lo c a m p a  p o p u l i m a le G E R M A N Y , B e rg -L a n d , D h u e n n -T a l, B o x b e rg  C A Z S /A Z
w h o le  1

L e m o n iid a e L e m o n ia  d u m i m ale [no  da ta] C A Z S /A Z  
w h o le  13

S a tu rn iid a e A g l i a  ta u m ale [b red ] C A Z S /A Z  
w h o le  6

S p h in g id a e D a p h n u s a  o c e l la r i s m a le P H IL IP P IN E S , P a la w a n , S a la k o t F a lls , ro a d , 
3 0 0 m  asl

C A Z S /A Z  
w h o le  16

S p h in g id a e L a o th o e  p o p u l i m a le G E R M A N Y , H e sse , S c h litz  [b red ] C A Z S /A Z  
w h o le  12
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A P P E N D I X  H

SEM P R E P A R A T I O N S

fa m ily sp ec ie s in 
s ta r

o b jec t n otes c o lle c t in g  lo c a lity p r e p a r a 
tio n  #

A n th e lid a e A n  th e  la  
n tb i c u n d a

L I en tire
sp e c im e n

c p d A U S T R A L IA , W A , 
M ills tre a m -C h ic h e s te r  N P , 
P ip e lin e  R d, 6 k m  N b y W  ra n g e r  
stn

S E M /A Z
27

A n th e lid a e A n t  h e i  a
p h o e n ic i a s
g ro u p
[A N 1C /A Z
119]

I
[m ale]

left
a n te n n a

a ir  d ried A U S T R A L IA , Q L D , M a re e b a S E M /A Z
32

A n th e lid a e A n th e l a
a s ta ta
[A N IC /A Z

711

I
[m ale]

left
an te n n a

a ir  d ried A U S T R A L IA , Q L D , M t. 
B e lle n d e n -K e r, b a se  c a b le w a y

S E M /A Z
31

A n th e lid a e A n th e la
c a n e s c e n s

L I en tire
sp ec im en ,
d o rsa l

c p d A U S T R A L IA , W A , M ills tre a m  S E M /A Z  6 
N P

A n th e lid a e A n th e l a
c a n e s c e n s

L I h ead , A 1 0 c p d A U S T R A L IA , W A , M ills tre a m  S E M /A Z  7 
N P

A n th e lid a e A n th e l a
c a n e s c e n s

L I en tire
sp ec im en .
la te ra l

cp d A U S T R A L IA , W A , M ills tre a m  S E M /A Z  5 
N P

A n th e lid a e A n th e l a
f e r r u g in o s a
[A N IC /A Z
35]

1
[m ale ]

left
an te n n a

a ir  d ried A U S T R A L IA , A C T , B la c k  M t. S E M /A Z
33

A n th e lid a e A n th e l a  n. sp. 
n e a r  a d d i ta

L I en tire
sp ec im en

cp d A U S T R A L IA , Q L D , M t. 
L ew is

S E M /A Z
21

A n th e lid a e A n th e l a  n. sp. 
n e a r a d d i ta

L2 en tire
sp ec im en

c p d A U S T R A L IA , Q L D , M t. 
L ew is

S E M /A Z
22

A n th e lid a e A n th e l a
n e u r o s p a s ta

L I 3 en tire  
sp e c im e n s

a ir  d ried A U S T R A L IA , Q L D , C ap e  
Y o rk

S E M /A Z
30

A n th e lid a e A n th e l a
n ic o th o e

L m an ten n a ,
m ax illa e ,
lab iu m ,
sp in n e re t

c p d A U S T R A L IA , A C T , N a m a d g i 
N P , M t. G in in i

S E M /A Z  1

A n th e lid a e A n th e l a
n ic o th o e
[A N IC /A Z
63]

I
[m ale]

left
an te n n a

a ir  d ried A U S T R A L IA , V IC , M o e  (ex  
o v o )

S E M /A Z
34

A n th e lid a e C h e le p t e ty x
c h a le p t e r y x

I
[m ale]

fo re  w in g  
c ro ss -fo ld

a ir  d ried A U S T R A L IA , N S W , 
B u d a w a n g  N P , C a rte r 's  C k

S E M /A Z
52

A n th e lid a e C h e le p t e ty x  
c o l i  e s  i 
[A N IC /A Z  
128]

I
[m ale]

left
an te n n a

a ir  d ried A U S T R A L IA , A C T , B la c k  M t. S E M /A Z
37

A n th e lid a e C h e n u a la
h e l ia s p i s

L I ,  E en tire
sp e c im e n ,
eg g s

c p d A U S T R A L IA , A C T , M t. 
A g g ie

S E M /A Z
26

A n th e lid a e M u n y c h r y ia  
n. sp. n e a r  
s e n i c u la

L I en tire
sp ec im en

cp d A U S T R A L IA , Q L D , o ld  
R a v e n s h o e -H e rb e r to n  rd , 
~ 5 k m  S H e rb e rto n

S E M /A Z
23
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fa m ily  sp e c ie s  in - o b je c t n o tes
sta r

c o lle c t in g  lo c a lity p r e p a r a 
tion  #

A n th e lid a e  M u n y c h y i a  I r ig h t a ir  d ried
s e n i c u la  [m ale] a n te n n a ,

le ft
a n te n n a  
fo r  c ro ss  
se c tio n

A U S T R A L IA , N S W , St. 
G e o rg e  B asin

S E M /A Z  9

A n th e lid a e  N a ta x a  L I & e n tire  cp d
f l a v e s c e n s  E  sp e c im e n

A U S T R A L IA , N S W , L ittle  
S n o w b a ll C k

S E M /A Z
4 7

A n th e lid a e  O m p h a l io d e s  1 le ft a ir  d rie d
o b s c u r a  [m ale] a n te n n a
[A N IC /A Z  
108]

A U S T R A L IA , N T , A m a d e u s  
B asin , n r  R eed y  R o c k h o le

S E M /A Z
35

A n th e lid a e  P s e u d o d r e a ta  I le f t a ir  d rie d
sp. [A N IC /A Z  [m ale] a n te n n a  
102]

P A P U A  N E W  G U IN E A , 
F in is te re  R an g e , N  F re y b e rg  
P ass

S E M /A Z
36

A n th e lid a e  P te r o lo c e r a  1 r ig h t a ir  d rie d
sp. n e a r  [m ale] a n te n n a ,
a m p l ic o r n i s  le ft

a n te n n a  
fo r  c ro ss  
se c tio n

A U S T R A L IA , A C T , C a n b e rra , 
Y o rk  P a rk

S E M /A Z  8

A n th e lid a e  P te r o lo c e r a  L m  h e a d c a p su  m a z e rra te d
sp. n e a r le , cp d
a m p l ic o r n is

A U S T R A L IA , A C T , C a n b e rra , 
G u n g a h lin  g ra s s la n d

S E M /A Z  3

A n th e lid a e  P te r o lo c e r a  L m  la b ru m , cp d
sp. n e a r m a x illa e ,
a m p l ic o r n is  lab iu m ,

sp in n e re t

A U S T R A L IA , A C T , C a n b e rra , 
G u n g a h lin  g ra s s la n d

S E M /A Z  2

B o m b y c id a e  A n d r a c a  n. 1 a n te n n a  a ir  d rie d
sp . [m ale]
[C A Z S /A Z
2 31]

P H IL IP P IN E S , P a la w a n , 
M a lih u d , p r im a ry  fo re s t 6 k m  N

S E M /A Z
55

B o m b y c id a e  M u s t i l ia  I a n te n n a  a ir  d rie d
g e r o n t ic a  [m ale]

T A IW A N , N a n to u  P ro v ., P u li 
P re f .

S E M /A Z
56

B ra h m a e id a e  B r a h m o p h th a  I le f t a ir  d ried
Im a  h e a r s e y i  [m ale] a n te n n a

IN D O N E S IA , S u m a tra , N W  o f  
P e m a ta n g  S ian ta r , T in g g i R a ja

S E M /A Z
43

B ra h m a e id a e  S p ir a m io p s is  L I  e n tire  cp d
c o m m a  sp e c im e n

S W A Z IL A N D , M b a b a n e S E M /A Z
48

B ra h m a e id a e  S p ir a m io p s is  L m  h e a d c a p su  cp d
c o m m a  le , le ft

fro n ta l 
“ h o rn "

S W A Z IL A N D , M b a b a n e S E M /A Z
49

C a rth a e id a e  C a r th a e a  1 le ft a ir  d rie d
s a tu r n io id e s  [m ale] a n te n n a

A U S T R A L IA , W A , C a p e  A rid  
N P , M t. R a g g e d

S E M /A Z
4 6

C a rth a e id a e  C a r th a e a  L I e n tire  cp d
s a tu r n io id e s  sp e c im e n

A U S T R A L IA , W A , 
R a v e n s th o rp e

S E M /A Z
24

C a r th a e id a e  C a r th a e a  L m  h e a d c a p su  cp d
s a tu r n io id e s  le

A U S T R A L IA , W A , 
R a v e n s th o rp e

S E M /A Z
25

D re p a n id a e  H y p s id ia  I a n te n n a  a ir  d rie d
n ip h o s e m a  [m ale]

A U S T R A L IA , W A , K o jo n u p S E M /A Z
54

E u p te ro tid a e  G a n is a  p l a n a  I le f t a ir  d rie d
[m ale] a n te n n a

M A L A Y S IA , B o rn e o , S a b ah , 
M t. K in a b a lu  N P

S E M /A Z
39

E u p te ro tid a e  P a n a c e la  L m  h e a d c a p su  cp d
l e w in a e  le , lab ia l

p a lp u s

A U S T R A L IA , N S W , M t. 
K e ira

S E M /A Z
19

E u p te ro tid a e  P a n a c e la  L m  le g s  cp d
le w in a e

A U S T R A L IA , N S W , M t. 
K e ira

S E M /A Z
2 0
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fa m ily sp ec ie s in 
sta r

o b jec t n o tes c o lle c t in g  lo c a lity p r e p a r a 
tio n  #

E u p te ro tid a e  P o lo m a  

a n g u la ta
L m h e a d c a p su

le
cp d [A F R IC A ] S E M /A Z

50
H e p ia lid a e O n c o p e r a

a lb o g u t ta ta
L m  (? ) legs cp d A U S T R A L IA , N S W , G u y ra S E M /A Z

18
H e p ia lid a e O n c o p e r a

a lb o g u t ta ta
L m  (? ) h e a d c a p su  

le
cp d A U S T R A L IA , N S W , G u y ra S E M /A Z

17
E lep ia lid ae T r ie  te n  a  

a r g y r o s t i c h a
I
[m ale]

left
a n te n n a

a ir  d rie d A U S T R A L IA , Q L D , 
C a rn a rv o n  N P , C a rn a rv o n  
G o rg e

S E M /A Z
38

L a s io c a m p id
ae

C h io n o p s y c h  
e  m o n ta n a

I
rm a le l

lab ia l
p a lp u s

m a z e rra te d  K E N Y A , T a v e ta , K ito b o  
, cp d  F o res t

S E M /A Z
15

L a s io c a m p id
ae

C h io n o p s y c h  

e  m o n ta n a
L I c a te rp illa r .

eg g

cp d K E N Y A , T a v e ta , K ito b o  
F o re s t

S E M /A Z
14

L a s io c a m p id
ae

E n to m e ta  sp. 1
[m ale]

r ig h t
an ten n a ,
le ft
a n te n n a  
fo r c ro ss  
se c tio n

a ir  d rie d A U S T R A L IA , W A , K a rij in i 
N P

S E M /A Z
10

L a s io c a m p id
ae

O p s ir h in a
a lb ig u t ta

L I p ro le g s ,
leg s ,
m o u th
p a rts

cp d A U S T R A L IA , A C T , N a m a d g i 
N P , M t. G in in i

S E M /A Z
13

L a s io c a m p id
ae

T r a b a la
v is h n o u

L I en tire
sp ec im en

cp d IN D IA S E M /A Z
29

L e m o n iid a e L e m o n ia
ta r a x a c i

I
[m ale]

left
an te n n a

a ir d rie d S W IT Z E R L A N D , St. G o tth a rd  
P ass

S E M /A Z
4 4

L e m o n iid a e S a b a l ia
p i c a r in a

I
[m ale]

r ig h t
an te n n a

a ir d ried K E N Y A , rd  T sa v o  W e st N P  to 
O lo ito k ito k , r iv e r  b ed

S E M /A Z
45

L y m a n triid a e L y m a n tr ia
n e p h r o g r a p h
a

I
[m ale]

left
a n te n n a

a ir  d rie d A U S T R A L IA , N S W , T o o lo o m  S E M /A Z
41

N o c tu id a e A p in a  c a l l is to L m h e a d c a p su
le

m a z e rra te d  
i, cp d

A U S T R A L IA , A C T , C a n b e rra , 
G u n g a h lin  g ra s s la n d

S E M /A Z  4

N y m p h a lid a e D a n a u s
p le x ip p u s

L m h e a d c a p su
le

cp d A U S T R A L IA , Q L D , 
B e e n lie g h , B a h r 's  S c ru b

S E M /A Z
16

O e n o sa n d rid
ae

O e n o s a n d r a
b o is d u v a l i i

I
[m ale]

an te n n a a ir d ried A U S T R A L IA , N S W , 
B u d a w a n g  N P , C a rte r 's  C k

S E M /A Z
58

S a tu m iid a e B a th y p h le b ia
e m in e n s

I
[m ale]

a n te n n a a ir  d rie d S E M /A Z
53

S a tu m iid a e P e r ig a  sp. I
[m ale]

left
an te n n a

a ir  d ried P E R U , D ep . P iu ra , A b ra  
P o rcu lla

S E M /A Z
4 0

S a tu m iid a e L u d ia  sp. L I 2 en tire  
sp e c im e n s

cp d K E N Y A , rd  T sa v o  W e st N P  to 
O lo ito k ito k , r iv e r  b ed

S E M /A Z
28

S a tu m iid a e O p o d ip h th e r a
h e le n a

L I h e a d c a p su  
le , m o u th  
p a rts

cp d A U S T R A L IA , A C T , N a m a d g i 
N P , B lu n d e lls  C k  R d

S E M /A Z
12

S a tu m iid a e O p o d ip h th e r a
h e le n a

L I p ro le g s ,
legs

cp d A U S T R A L IA , A C T , N a m a d g i 
N P , B lu n d e lls  C k  R d

S E M /A Z
11

S p h in g id a e S m e r in th u s
c e r i s y i

I
[m ale]

an te n n a a ir  d ried U S A , U tah , B o x  E ld e r  C o ., 
C le a r C k

S E M /A Z
57

S p h in g id a e S m e r in th u s
ja m a ic e n s i s

I
[m ale]

left
a n te n n a

a ir  d ried C A N A D A , O n ta r io , D u n n v ille S E M /A Z
42
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A P P E N D I X  I

D N A  E X T R A C T I O N S

f a m ily  s p e c ie s in 
s ta r

c o l le c t in g  d a ta p r e s e r 
v a t io n

p r e p a r a 
t io n  #

A n th e lid a e  A n th e l a  a c u ta I 3 5 ° 2 6 '5 4 .6 "S  1 5 0 °0 5 '3 3 .4 "E  
A U S T R A L IA , N S W , B u d a w a n g  N P , 
~ 2 5 k m  on  W este rn  D is tr ib u to r  R d , 
~ 4 0 0 m  asl, 4. D E C  2 0 0 3

E tO H  ab s. D N A /A Z
19

A n th e lid a e  A n th e l a  a d r ia n a 1 2 2 ° 3 3 '5 6 .0 "S  1 1 8 °2 7 T 0 .4 "E , 
A U S T R A L IA , W A , K a rij in i N P , 
ju n c t io n  J u n a  D o w n s  R d  / K a rijin i 
D riv e  (M u lg a ) , 13. M A Y  200 3

E tO H  abs. D N A /A Z
151

A n th e lid a e  A n th e la  a s ta ta I 1 6 °0 3 .7 6 3 'S  1 4 5 °2 7 .7 2 6 'E , 
A U S T R A L IA , Q L D , D a in tre e  N P , 
C a p e  T rib u la tio n , 3 k m  N 
ra n g e rs ta tio n , 18. A P R  2 0 0 2

E tO H  abs. D N A /A Z
51

A n th e lid a e  A n th e la  a s te r ia s 1 3 0 ° 3 0 .1 0 5 'S  1 4 6 °1 7 .1 6 4 'E , 
A U S T R A L IA , N S W , 2 1 k m  N W  
B y ro c k , N ig h tv a le  S ta tio n  [A. a n e u r a  
&  E . p o p u ln e a ], 29 . A P R  2 0 0 2

E tO H  ab s. D N A /A Z
45

A n th e lid a e  A n th e la  b a s ig e r a L 3 /4 A U S T R A L IA , SA , L e rg u so n  
C o n se rv a tio n  P a rk  n r  A d e la id e

E tO H  abs. D N A /A Z
155

A n th e lid a e  A n th e la  c le m e n t i 1 [A U S T R A L IA , W A , K a rij in i N P ]
17 .2 k m  W  o f  ra n g e r  t/o  20 . A P R  2 0 0 3

E tO H  abs. D N A /A Z
127

A n th e lid a e  A n th e l a  c le m e n t i 1 2 1 ° 1 9 '4 "S  1 1 7 °1 4 '3 4 "E , 
A U S T R A L IA , W A , M ills tre a m - 
C h ic h e s te r  N P , n r  P y th o n  P o o l, 3 .-7 . 
M A Y  2 0 0 3  [m a la ise  tra p  M IL 3 ]

9 5 %
E tO H

D N A /A Z
128

A n th e lid a e  A n th e la  c n e c ia s I 3 6 ° 0 2 '4 6 .7 " S  1 4 9 ° 3 2 T 0 . r E  
A U S T R A L IA , N S W , B a d ja  S w am p  
N R  N E  N u m e ra lla , 1 0 4 0 m , 19. D E C  
2 0 0 3

9 5 %
E tO H

D N A /A Z  4

A n th e lid a e  A n th e l a  e w y p h r i c a I 3 3 ° 0 9 T 8 .6 " S  1 4 9 °1 5 T 5 .0 "E  
A U S T R A L IA , N S W , O ra n g e . O p h ir , 
M ille r 's  C ro ss in g , ~ 6 5 0 m  asl, 20 . 
M A R  2 0 0 4

E tO H  abs. D N A /A Z
156

A n th e lid a e  A n th e l a  e x c e l le n s 1 3 4 °0 8 .7 5 8 'S  1 5 1 °0 1 .8 4 0 'E , 
A U S T R A L IA , N S W , R o y a l N P , B o la  
C k , 4 . M A R  20 0 3

E tO H  abs. D N A /A Z
16

A n th e lid a e  A n th e l a  f e r m g i n o s a 1 A U S T R A L IA , N S W , B u d d e ro o  N P , 
o f f  B u d d e ro o  P la teau  R d  o n  ab u se d  
track

9 5 %
E tO H

D N A /A Z
154

A n th e lid a e  A n th e l a  n ic o th o e I 3 5 ° 3 1 .5 9 7 'S  1 4 8 °4 6 .7 4 3 'E , 9 5 %
A U S T R A L IA , A C T , N a m a d g i N P , M t. E tO H  
G in in i, 1 650m , 18. M A R  2 0 0 2

D N A /A Z
29

A n th e lid a e  A n th e l a  o c e l la ta 1 A U S T R A L IA , A C T , C a n b e rra , A c to n , 
A N U  (B o Z o  b ld g )

9 5 %
E tO H

D N A /A Z
27

A n th e lid a e  A n th e l a  p h o e n ic i a s 1 2 4 °5 9 .3 9 7 'S  1 4 7 °5 8 .4 0 9 'E , 
A U S T R A L IA , Q L D , C a rn a rv o n  N P , 
M t. M o ffa t sec t., M a r lo n g  P la in  
[n a tiv e  g ra ss , C a s u a r in a  &  
E u c a ly p t u s ], 4 . A P R  2 0 0 2

E tO H  ab s. D N A /A Z  
68

- 611  -



fa m ily sp e c ie s  in -  c o lle c t in g  d ata
sta r

p r e se r 
v a tio n

p r e p a r a 
tio n  #

A n th e lid a e A n th e l a  a d d i ta  1 3 5 °5 5 '5 7 .1 "S  1 4 9 ° 3 5 T 0 .8 "E
A U S T R A L IA , N S W , T a lla g a n d a  SF , 
L ittle  S n o w b a ll C k , n a tiv e  g ra s s la n d , 
~ 8 5 0 m  asl, 19. D E C  200 3

9 5 %
E tO H

D N A /A Z  1

A n th e lid a e A n th e l a  r e p /e ta  I 2 5 °0 3 .1 3 8 ’S 148°12 .81  l 'E ,
A U S T R A L IA , Q L D . C a rn a rv o n  N P , 
C . G o rg e , 7 th -8 th  cr. c ro ss in g , 8. A P R  
2 0 0 2

E tO H  abs. D N A /A Z
57

A n th e lid a e A n th e l a  r u b i c u n d a  1 [A U S T R A L IA , W A . K a rijin i N P ]
17km  W  o f  ra n g e r  t/o  20 . A P R  2 0 0 3

9 5 %
E tO H  
(p a r tly  
d r ie d  o u t)

D N A /A Z
120

A n th e lid a e A n th e l a  s t y g ia n a  I 2 6 °3 0 .4 8 6 ’S 1 4 7 °0 7 .4 4 4 ’E,
A U S T R A L IA , Q L D , T re g o le  N P  n e a r 
M o rv e n  [o o lin e , b e la h  o p en  fo re s t] , 
~ 5 0 0 m , 26 . A P R  2 0 0 2

E tO H  ab s. D N A /A Z
35

A n th e lid a e A n th e l a  s t y g ia n a  I 2 6 ° 3 0 .4 8 6 ’S 1 4 7 °0 7 .4 4 4 'E ,
A U S T R A L IA , Q L D , T re g o le  N P  n ea r 
M o rv e n  [o o lin e , b e la h  o p en  fo re s t] , 
~ 5 0 0 m , 26 . A P R  2 0 0 2

E tO H  abs. D N A /A Z
49

A n th e lid a e A n th e l a  t e t r a p h r i c a  I 2 2 ° 1 6 '4 7 .0 "S  1 1 8 °4 4 '4 1 ,9 "E ,
A U S T R A L IA , W A , F o rte sc u e  R iv e r 
B asin  ~ 1 2 k m  N A u sk i R H , 19. M A Y  
2 0 0 3

E tO H  abs. D N A /A Z
150

A n th e lid a e A n th e l a  u n i s ig n a  I 2 1 °3 7 '0 4 .1 "S  1 1 7 °0 6 '3 5 .2 "E ,
A U S T R A L IA , W A , M ills tre a m - 
C h ic h e s te r  N P , D e e p  R each  c a m p g rd , 
5. M A Y  20 0 3

E tO H  abs. D N A /A Z
152

A n th e lid a e A n th e l a  v a r ia  1 A U S T R A L IA , A C T , G u n g a h lin
g ra s s la n d  E P a lm e rs to n

E tO H  abs. D N A /A Z
149

A n th e lid a e A n th e l a  v ir e s c e n s  1 2 8 °0 3 .2 1 8 ’S 1 5 2 °2 2 .7 6 8 ’E ,
A U S T R A L IA , Q L D , M a in  R a n g e  N P , 
C u n n in g h a m 's  G a p , re s t a rea , 1. A P R  
2 0 0 2

E tO H  abs. D N A /A Z
70

A n th e lid a e A n th e l a  x a n th a r c h a  I 2 1 ° 3 7 '0 4 .1 "S  1 1 7 °0 6 '3 5 .2 "E ,
A U S T R A L IA , W A , M ills tre a m - 
C h ic h e s te r  N P , D e e p  R each  c a m p g rd , 
5. M A Y  200 3

E tO H  abs. D N A /A Z
153

A n th e lid a e C h e le p t e r y x  I 2 8 °0 4 .8 3 8 'S  1 5 2 °2 5 .1 4 7 'E ,
c h a le p t e r y x  A U S T R A L IA , Q L D , M a in  R a n g e  N P ,

S p ice r 's  G a p , M o ss 's  W e ll, 31 . M A R  
2 0 0 2

E tO H  abs. D N A /A Z
80

A n th e lid a e C h e le p t e r y x  c o l l e s i  I A C T , H a w k e r E tO H  ab s. D N A /A Z
162

A n th e lid a e C h e n u a la  h e l ia s p i s  I 3 5 ° 2 8 .4 0 5 'S  1 4 8 °4 6 .1 4 8 'E ,
A U S T R A L IA , A C T , N a m a d g i N P , M t. 
A g g ie , 1 4 0 0 m , 17. M A R  2 0 0 2

E tO H  abs. D N A /A Z
28

A n th e lid a e A n th e lin a e  n. sp . I 1 7 °4 4 .4 6 1 'S  1 4 5 °3 2 .0 1 7 'E ,
A U S T R A L IA , Q L D , R a v e n sh o e  SF , 
c le a r in g  a t rd  to  T u lly  F a lls , ~ 8 0 0 m , 
21 . A P R  2 0 0 2

E tO H  abs. D N A /A Z
38

A n th e lid a e G e p h y r o n e u r a  I 1 7 °1 9 .9 0 3 'S  1 4 5 °2 5 .1 2 7 'E ,
c o s m ia  A U S T R A L IA , Q L D , H e rb e rto n , B a ld y

S F , ~ 1 1 0 0 m , 20 . A P R  2 0 0 2  [2 0 :4 5  
o 'c lo ck ]

E tO H  abs. D N A /A Z
4 0

- 6 1 2 -



fa m ily  sp ec ies in 
sta r

c o lle c t in g  d a ta p r e se r 
v a tio n

p r e p a r a 
tion  #

A n th e lid a e  M u n y c h r y ia  

p e r i c l y t a
I 3 3 °2 7 '0 7 .2 "S  1 2 3 °2 6 T 6 .2 "E  

A U S T R A L IA , W A , C a p e  A rid  N P , 
tra c k  to  M t. R a g g ed , ~ 2 0 0 m  asl, 30 . 
O C T  2 0 0 3

E tO H  abs. D N A /A Z
158

A n th e lid a e  M u n y c h r y ia  s e n i c u la  

(A )
1 1 7 °2 8 .6 4 5 'S , 1 4 5 °2 2 .1 8 2 'E , 

A U S T R A L IA , Q L D , o ld  R a v e n s h o e -  
H e rb e rto n  rd , ~ 5 k m  S H e rb e rto n , 
9 0 0 m , 14. A P R  2 0 0 2

E tO H  abs. D N A /A Z
52

A n th e lid a e  N a ta x a  f l a v e s c e n s L I 3 5 °2 6 .2 7 8 'S  1 4 8 ° 4 9 .5 8 9 ’E, 
A U S T R A L IA , A C T , N a m a d g i N P , 
B e n d o ra  R d  n r  B e n d o ra  D am , 7 5 0 m , 
19. N O V  2 0 0 2

E tO H  abs. D N A /A Z
24

A n th e lid a e  O m p h a l io d e s  
o b s c u r a  (A )

I 3 2 °1 5 .0 4 8 'S  1 2 0 °2 0 .9 1 0 'E , 9 5 %
A U S T R A L IA , W A , E o f  H y d en , 1 .-17 . E tO H  
N O V  2 0 0 3 , m a la is e  trap

D N A /A Z
10

A n th e lid a e  O m p h a l io d e s  
o b s c u r a  (B )

1 3 0 °3 6 .1 5 7 'S  1 4 6 °2 1 .1 3 2 'E , 
A U S T R A L IA , N S W , 8 .2 1 k m  N W  
B y ro ck , 14. S E P  2 0 0 2

E tO H  ab s. D N A /A Z  
25

A n th e lid a e  P s e u d o d r e a ta  sp. 1 [P A P U A  N E W  G U IN E A ] "P N G 3  sp ." d ried ,
p a p e re d

D N A /A Z
193

A n th e lid a e  P te r o lo c e r a  sp . (A ) 1 3 3 °0 9 '2 1 "S  1 4 9 ° 1 5 'H " E , 
A U S T R A L IA , N S W , G irra la n g  N R  
2 0 .6 k m  N E  O ra n g e , n r  L ew is  P o n d s  
C k , 15 .-18 . M A R  2 0 0 2

9 5 %
E tO H

D N A /A Z
11

A n th e lid a e  P te r o lo c e r a  sp . (B ) 1 3 5 °1 1 .7 9 6 'S  1 4 9 °0 7 .8 3 0 'E , 
A U S T R A L IA , A C T , G u n g a h lin  
g ra s s la n d  n r P a lm e rs to n , 10. M A R  
2 0 0 3

E tO H  ab s. D N A /A Z  
15

A p a te lo d in a e  A p a te lo d e s  
p u d e fa c t a

I U S A , A Z , P im a  C o , S a n ta  R ita  M tn s , 
5 6 0 0  ft S an ta  R ita  M ts , M a d e ra  
C a n y o n , U p p e r  P a rk in g  L o t, 31 . JU L  
2 0 0 3 , B . W a lsh  leg .

9 5 %
E tO H

D N A /A Z
159

B o m b y c id a e  O c in a r a f i c i c o la 1 2 °2 7 .9 3 8 'S  3 7 ° 5 4 .9 8 8 'E , K E N Y A , 
K ib w e z i, U m an i S p rin g s  C am p , 
~ 1 0 5 0 m  asl, 2 2 .-2 7 . M A R  200 3

E tO H  abs. D N A /A Z
147

B o m b y c id a e  O c in a r a  sp. I 8 °4 2 '2 3 .7 "N  1 1 7 °3 3 '5 9 .1 "E , 
P H IL IP P IN E S , P a la w a n , B a ta ra z a , 
M a lih u d , T a g u rid a , ~ 5 0 0 m  asl, 25 . 
JU N  2 0 0 3

9 5 %
E tO H

D N A /A Z
176

B ra h m a e id a e  B r a h m a e a  ta n c r e i L 2 /3 [b red ; o rig in  u n k n o w n ] 9 5 %
E tO H

D N A /A Z
191

B ra h m a e id a e  D a c ty lo c e r a s  sp . 1 2 °5 6 .7 2 5 'S  3 7 ° 3 0 .3 5 0 'E , K E N Y A , 
O lo ito k ito k , L o i F o re s t ( re m n a n ts  o f  
p rim , fo re s t) , ~  1 8 0 0 m  asl, 1. A P R  
200 3

E tO H  abs. D N A /A Z
132

C a rth a e id a e  C a r th a e a
s a tu r n io id e s

I 3 3 °2 7 '0 7 .2 "S  1 2 3 °2 6 T 6 .2 "E  
A U S T R A L IA , W A , C a p e  A rid  N P , 
tra c k  to  M t. R a g g e d , ~ 2 0 0 m  asl, 30 . 
O C T  2 0 0 3

9 5 %
E tO H

D N A /A Z
185

C a rth a e id a e  C a r th a e a
s a tu r n io id e s

1 3 3 °2 7 '0 7 .2 "S  1 2 3 °2 6 T 6 .2 "E  
A U S T R A L IA , W A , C a p e  A rid  N P , 
track  to  M t. R a g g e d , ~ 2 0 0 m  asl, 30 . 
O C T  200 3

E tO H  ab s. D N A /A Z
184

C a rth a e id a e  C a r th a e a
s a tu r n io id e s

1 3 3 °2 7 '0 7 .2 "S  1 2 3 °2 6 T 6 .2 "E  
A U S T R A L IA , W A , C a p e  A rid  N P , 
tra c k  to  M t. R a g g e d , ~ 2 0 0 m  asl, 30 . 
O C T  2 0 0 3

9 5 %
E tO H

D N A /A Z
183

- 613 -



fa m ily sp e c ie s in 
sta r

c o lle c t in g  d a ta p r e se r 
v a tio n

p r e p a r a 
tion  #

E n d ro m id a e E n d r o m is
v e r s ic o lo r a

P C Z E C H IA 9 6 %
E tO H

D N A /A Z
181

E n d ro m id a e E n d r o m is
v e r s ic o lo r a

P C Z E C H IA 9 5 %
E tO H

D N A /A Z
187

E u p te ro tid a e C o ta n a  s e r r a n o ta ta 1 1 7 °0 0 .5 9 4 'S  1 4 5 °3 4 .9 4 8 ’E , 
A U S T R A L IA . Q L D , D a v ie s  C k  N P , rd  
a t fa lls , 6 3 0 m , 16. A P R  2 0 0 2

E tO H  abs. D N A /A Z
58

E u p te ro tid a e E u p te r o t e  sp . n ea r 
p a l l i d a

I 8 °4 2 '2 3 .7 "N  1 1 7 ° 3 3 '5 9 .1 "E , 
P H IL IP P IN E S , P a la w a n , B a ta ra z a , 
M a lih u d , T a g u rid a , ~ 5 0 0 m  asl, 25 . 
JU N  20 0 3

9 5 %
E tO H

D N A /A Z
167

E u p te ro tid a e G a n is a  p la n a I 8 °4 2 '2 3 .7 "N  1 1 7 °3 3 '5 9 .1 "E , 
P H IL IP P IN E S , P a la w a n , B a ta ra z a , 
M a lih u d , T a g u rid a , ~ 5 0 0 m  asl, 25 . 
JU N  20 0 3

9 5 %
E tO H

D N A /A Z
168

E u p te ro tid a e H o p lo ja n a  sp . n ea r 
r h o d o p te r a

1 2 ° 2 7 .9 3 8 ’S 3 7 ° 5 4 .9 8 8 'E , K E N Y A , 
K ib w e z i, U m an i S p rin g s  C am p , 
~ 1 0 5 0 m  asl, 2 2 .-2 7 . M A R  200 3

E tO H  abs. D N A /A Z
144

E u p te ro tid a e P a n a c e la  le w in a e I 2 6 °4 3 .3 7 2 'S  1 5 3 °0 4 .5 6 6 'E , 
A U S T R A L IA , Q L D , M o o lo o la h  R iv e r 
N P , h e a th la n d , 29 . M A R  2 0 0 2

E tO H  abs. D N A /A Z
69

L a s io c a m p id
ae

A lo m p r a  r o e p k e i  
p e l l a

1 8 °4 2 '2 3 .7 "N  1 1 7 °3 3 '5 9 .1 "E , 
P H IL IP P IN E S , P a la w a n , B a ta ra z a , 
M a lih u d , T a g u rid a , ~ 5 0 0 m  asl, 25 . 
JU N  2 0 0 3

E tO H  abs. D N A /A Z
180

L a s io c a m p id
ae

E u th r i x  la e ta  
a u s t r in a

1 8 °4 2 '2 3 .7 "N  1 1 7 ° 3 3 '5 9 .1 "E , 
P H IL IP P IN E S , P a la w a n , B a ta ra z a , 
M a lih u d , T a g u rid a , ~ 5 0 0 m  asl, 25 . 
JU N  200 3

9 5 %
E tO H

D N A /A Z
171

L a s io c a m p id
ae

G a s tr o p a c h a  n. sp. I 8 °4 2 '2 3 .7 "N  1 1 7 °3 3 '5 9 .1 "E , 
P H IL IP P IN E S , P a la w a n . B a ta ra z a , 
M a lih u d , T a g u rid a , ~ 5 0 0 m  asl, 25 . 
JU N  2 0 0 3

9 5 %
E tO H

D N A /A Z
170

L a s io c a m p id
ae

K u n u g ia
a u s t r o p la c id a

I 8 °4 2 '2 3 .7 "N  1 1 7 °3 3 '5 9 .1 "E , 
P H IL IP P IN E S , P a la w a n , B a ta ra z a , 
M a lih u d , T a g u rid a , ~ 5 0 0 m  asl, 25 . 
JU N  2 0 0 3

E tO H  abs. D N A /A Z
179

L a s io c a m p id
ae

O d o n e s t i s  e r e c t i l in e a  I 8 °4 2 '2 3 .7 "N  117 ° 3 3 ’5 9 .1 "E , 
P H IL IP P IN E S , P a la w a n , B a ta ra z a , 
M a lih u d , T a g u rid a , ~ 5 0 0 m  asl, 25 . 
JU N  2 0 0 3

9 5 %
E tO H

D N A /A Z
175

L a s io c a m p id
ae

P a r a le b e d a  c r in o d e s  
u n i fo r m is

1 8 °4 2 '2 3 .7 "N  1 1 7 °3 3 '5 9 .1 "E , 
P H IL IP P IN E S , P a la w a n , B a ta ra z a , 
M a lih u d , T a g u rid a , ~ 5 0 0 m  asl, 25 . 
JU N  200 3

9 5 %
E tO H

D N A /A Z
174

L a s io c a m p id
ae

P o e c i lo c a m p a  p o p u l i  P G E R M A N Y 9 6 %
E tO H

D N A /A Z
182

L a s io c a m p id
ae

T o ly p e  a n s t e l l a I U S A , A Z , S a n ta  C ru z  C o , P e n a  B la n c a  
C y n , A ta sc o sa  h ig h la n d s , 4 0 0 0 ft., 22 . 
A U G  2 0 0 3 , B. W a lsh  leg .

9 5 %
E tO H

D N A /A Z
160

L a s io c a m p id
ae:
C h io n o p sy c h
inae

C h io n o p s y c h e
m o n ta n a

1 2 °2 7 .9 3 8 'S  3 7 ° 5 4 .9 8 8 'E , K E N Y A , 
K ib w e z i, U m an i S p rin g s  C a m p , 
~ 1 0 5 0 m  asl, 2 2 .-2 7 . M A R  2 0 0 3

E tO H  ab s. D N A /A Z
100

L e m o n iid a e L e tn o n ia  d u m i L I C Z E C H IA 9 5 %
E tO H

D N A /A Z
190
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fa m ily sp ec ie s in 
star

c o lle c t in g  d a ta p r e se r 
v a tio n

p r e p a r a 
tion  #

L e m o n iid a e S a b a l ia  p i c a r in a

_________________

2 °5 4 .0 0 2 'S  3 7 ° 3 8 .9 0 0 'E , K E N Y A , rd  
T sa v o  W e s t N P  to  O lo ito k ito k , r iv e r  
bed , ~  1 2 0 0 m  asl, 2 9 . M A R  2 0 0 3

EtO H  abs. D N A /A Z
131

L y m a n tr iid a e  L e p to c n e r ia  r e d u c ta I 2 5 °4 8 .8 1 5 'S  1 4 8 °1 5 .6 5 8 'E , 
A U S T R A L IA , Q L D , rd  In ju n e  to  M t. 
M o ffa t (C a rn a rv o n  N P ) [d ry  
sc le ro p h y ll b u sh e s ] , 3. A P R  2 0 0 2

E tO H  ab s . D N A /A Z  
66

L y m a n tr iid a e  L y m a n tr ia
n e p h r o g r a p h a

I 2 8 ° 1 1 .5 9 0 ’S 153° 1 1 .40 2 'E , 
A U S T R A L IA , Q L D , L a m in g to n  N P , 
B in n a  B u rra , b e llb ird  c le a rin g , 2 5 .-2 7 . 
M A R  2 0 0 2

E tO H  ab s. D N A /A Z  
90

O e n o sa n d rid
ae

O e n o s a n d r a
b o is d u v a l i i

1 3 3 ° 0 9 T 8 .6 " S  1 4 9 ° 1 5 T 5 .0 "E  
A U S T R A L IA , N S W , O ra n g e , O p h ir , 
M ille r 's  C ro ss in g , ~ 6 5 0 m  asl, 20 . 
M A R  2 0 0 4

E tO H  abs. D N A /A Z
157

S a tu rn iid a e A g / i a  ta n 1 A U S T R IA 9 5 %
E tO H

D N A /A Z
186

S a tu rn iid a e A r s e n u r a  a r m  id a L I V E N E Z U E L A 9 5 %
E tO H

D N A /A Z
189

S a tu rn iid a e A t ta c u s  l e m a ir e i 1 8 °4 2 '2 3 .7 "N  1 1 7 ° 3 3 '5 9 .1 ”E, 
P H IL IP P IN E S , P a la w a n , B a ta ra z a , 
M a lih u d , T a g u rid a , ~ 5 0 0 m  asl, 25 . 
JU N  2 0 0 3

E tO H  ab s. D N A /A Z
178

S a tu rn iid a e C r ic u la  t r i f e n e s tr a ta  
t r e a d a w a y i

I 8 °4 2 '2 3 .7 "N  1 1 7 °3 3 '5 9 .1 "E , 
P H IL IP P IN E S , P a la w a n , B a ta ra z a , 
M a lih u d , T a g u rid a , ~ 5 0 0 m  asl, 25 . 
JU N  2 0 0 3

9 5 %
E tO H

D N A /A Z
165

S a tu rn iid a e E a c le s  im p e r ia l  is  
o p a c a

L I A R G E N T IN IA , M iss io n e s 9 6 %
E tO H

D N A /A Z
161

S a tu rn iid a e G o o d ia  k a n tz e i I 2 ° 2 7 .9 3 8 'S  3 7 ° 5 4 .9 8 8 'E , K E N Y A , 
K ib w e z i, U m an i S p rin g s  C am p , 
~ 1 0 5 0 m  asl, 2 2 .-2 7 . M A R  2 0 0 3

E tO H  ab s. D N A /A Z
146

S a tu rn iid a e G v  a  a n  is  a  sp . I 2 °5 4 .0 0 2 'S  3 7 ° 3 8 .9 0 0 'E , K E N Y A , rd  
T sa v o  W e st N P  to  O lo ito k ito k , r iv e r  
b e d , ~ 1 2 0 0 m  asl, 2 9 . M A R  2 0 0 3

E tO H  ab s. D N A /A Z
135

S a tu rn iid a e O p o d ip h th e r a
e u c a ly p t i

I 3 5 °5 5 '5 7 .1 "S  1 4 9 °3 5 T 0 .8 "E  
A U S T R A L IA , N S W , T a lla g a n d a  S F , 
L ittle  S n o w b a ll C k , n a tiv e  g ra s s la n d , 
~ 8 5 0 m  asl, 19. D E C  2 0 0 3

9 5 %
E tO H

D N A /A Z  8

S a tu rn iid a e A u r iv i l l iu s  f u s c u s 1 2 °2 7 .9 3 8 'S  3 7 ° 5 4 .9 8 8 'E , K E N Y A , 
K ib w e z i, U m an i S p rin g s  C am p , 
~ 1 0 5 0 m  asl, 2 2 .-2 7 . M A R  2 0 0 3

E tO H  abs. D N A /A Z
141

S a tu rn iid a e U sta  a n g u la ta I 2 °2 7 .9 3 8 'S  3 7 ° 5 4 .9 8 8 'E , K E N Y A , 
K ib w e z i, U m an i S p rin g s  C am p ,
~  1 0 5 0 m  asl, 2 2 .-2 7 . M A R  2 0 0 3

E tO H  ab s. D N A /A Z
136

S p h in g id a e A c h e r o n t ia  s t y x 1 8 °4 2 '2 3 .7 "N  1 1 7 °3 3 '5 9 .1 "E , 
P H IL IP P IN E S , P a la w a n , B a ta ra z a , 
M a lih u d , T a g u rid a , ~ 5 0 0 m  asl, 25 . 
JU N  2 0 0 3

9 5 %
E tO H

D N A /A Z
163

S p h in g id a e A g r iu s  g o d a r t i 1 2 3 °2 7 .6 4 8 'S  1 4 8 °0 8 .8 3 1 'E , 
A U S T R A L IA , Q L D , ~ 1 0 k m  N 
E m e ra ld , p o w e rlin e , 9 . A P R  2 0 0 2

E tO H  abs. D N A /A Z
54

S p h in g id a e D a p h n u s a  o c e l la r i s 1 8 °4 2 '2 3 .7 "N  1 1 7 °3 3 '5 9 .1 "E , 
P H IL IP P IN E S , P a la w a n , B a ta ra z a , 
M a lih u d , T a g u rid a , ~ 5 0 0 m  asl, 25 . 
JU N  2 0 0 3

E tO H  ab s. D N A /A Z
177

S p h in g id a e S m e r in th u s  o c e l la ta P G E R M A N Y 9 5 %
E tO H

D N A /A Z
188
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fa m ily sp e c ie s in - c o lle c t in g  d ata
s ta r

p r e s e r 
v a tio n

p r e p a r a 
tion  #

S p h in g id a e S m e r in th u s  o c e U a ta L I G E R M A N Y 9 5 %
E tO H

D N A /A Z
192

T h y rid id a e A g la o p u s  p y r r h a ta I 3 5 ° 4 7 .3 0 0 'S  1 4 8 °4 7 .8 6 5 'E ,
A U S T R A L IA , N S W , SW  O ld  Y ao u k , 
4 . JA N  2 0 0 3

9 5 %
E tO H

D N A /A Z
103
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A P P EN DI X T :

PROT OC OLS

• MQ-water: distilled, millipore-filtered and sterilized water

• Tris: tris (hydroxymethyl) aminomethane
• EDTA: ethylenediaminetetraacetic acid
• TAE: Tris-Acetate-EDTA
• TNES: 50 mM Tris buffer, 0.5% SDS, 20 mM EDTA, and 

400 mM NaCl

J.l) DNA EXTRACTION FROM ETHANOL FIXED SAMPLES

[After Summucks & Hales 1996]

• remove scales from sample's thorax with forceps

• sterilize forceps with absolute ethanol and flaming

• open thorax with forceps and pull out bundles of muscle 

fibres

• dip muscles onto filter paper to remove excess ethanol

• place 2 bundles of muscle fibres in a sterile 2ml Eppendorf 

vial

• add 25pl TNES buffer

• grind with pestle

• flush pestle with additional 275jul TNES [bringing the total 

volume of TNES to 300pl]

• add 5 pi Proteinase K

• mix by vortexing

• incubate 3h at 55°C, flicking or vortexing the vial once every 

hour [add more Proteinase K and incubate longer if tissue 

should not have dissolved entirely]

• add 85pi 5M NaCl and vortex

• spin 5min at 14,000rpm in centrifuge

• transfer supernatant to another sterile vial and discard old vial 

with pellet
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• add 400jul chilled, absolute ethanol

• mix gently by inverting the vial for a minute

• spin 10min at 14,000rpm in centrifuge

• discard supernatant [pour off]

• wash pellet with 500pl chilled, 70% ethanol

• mix gently by inverting the vial 3 times

• spin 5min at 14,000rpm in centrifuge

• discard supernatant [take off with pipette and narrow tip]

• air dry pellet over night [covered with tissue on bench] or 

30min at 37°C, until all traces of ethanol have disappeared

• resuspend pellet in 30pl MQ-water by brief vortexing

• store DNA extract in freezer at -20°C until processed further

J.2) PCR REACTION

The following steps are all to be carried out on ice! Reagents should be recently 

thawed or chilled. Vortex and spin down all reagents prior to use.

• label 0.5ml Eppendorf tubes and place in rack on ice

• set up master mix in the following order for the total number 

of reactions [number of samples + positive control + negative 

control, multiplied by 1.1 to compensate for loss of liquid in 

pipette tips: n = (samples + 2) * 1.1], for each reaction 

consisting of:

reagen t q u an tity

m  ’

MQ-water 14.0
MgCT [25mM] 3.0
Taq-ti buffer [lOx] 2.5
dNTPs [2mM] 2.0
fwd primer [lOpM] 0.5
rev primer [lOjuM] 0.5
Taq-ti [0.75U/pl] 1.0

total 23.5
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vortex master mix

• aliquot 23.5jul master mix into cooled vials

• briefly vortex DNA extracts to dislodge DNA from vial wall 

and add 2gl [pipetting up and down in vial 3 times to 

minimize loss in tip]; 2pl MQ-water for negative control

• pre-heat PCR machine to 94°C

• vortex vials and take care to remove any air bubbles in the tip 

of the vials [touch vortexer or flick vials with finger]

• load PCR machine with vials directly from ice and start PCR 

program [see Appendix K.l]

• after completion store vials at 4°C until processed further

J.3) E lectrophoresis in a 1% agarose gel

• make 1% agarose gel:

• mix 2g agarose powder and 200ml TAE in 250ml conical 

flask

• heat in microwave until boiling and agarose powder fully 

dissolved [about Imin at full power and 3 min at defrost 

power setting; watch to avoid spilling]

ATTE NTI ON:

Agarose gel retains heat for a long time!

• cool to about 50°C [rotate flask under running cold water]

• add 7pl ethidiumbromide [10mg/ml] and mix

ATTE NTI ON:

Ethidiumbromide is highly carcinogenic -  wear double 

gloves and dispose of gloves and pipette tip in appropriate 

contaminated waste bins as soon as ethidiumbromide has 

been added to gel! Wear single gloves whenever handling 

agarose gels with ethidiumbromide and dispose of gloves as
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well as agarose gel in the contaminated waste bin. Avoid 

exposure of ethidiumbromide stock to light!

• pour gel into tray with plastic combs, destroy air bubbles 

with pipette tip

• let gel solidify for > 30min and remove combs (add TAE 

if difficult)

• store in sealed plastic bag in 4°C fridge until used

• run PCR product electrophoresis:

• place 1% agarose gel in electrophoresis basin and fill up 

with TAE until liquid level 1cm above agarose gel

• samples: mix 3pl loading dye with 2pl PCR product 

[drops on Parafilm]

• reference ladder: mix 3pl loading dye with 2 jul
quantitative DNA ladder [100ng/pl HyperLadder IV: 
BioLine, London, UK]

• slowly load samples and reference ladder with a narrow tip 

and pipette into separate wells of submerged agarose gel

• run electrophoresis for 25min at 130V

• check and document PCR product quality and quantity with a

UV-transilluminator/Video Printer [UVP UV-

transilluminator and Sony Video Graphic Printer UP-895CE]

A T T E N T I O N :

UV-radiation is carcinogenic -  keep door of UV-

transilluminator closed and generally avoid exposure of 

yourself to UV-radiation!

J.4) Excising PCR products from an agarose gel

[According to manufacturer's instructions of UltraClean 15™ DNA Purification Kit.]

• make a thick 1% agarose gel (as in Appendix J.3, but use 5g 

agarose powder, 500ml TAE, large tray and large combs)

• run PCR product electrophoresis:
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• place thick 1% agarose gel in electrophoresis basin and fill 

up with TAE until liquid level 1cm above agarose gel

• mix 15pl loading dye with 20pl PCR product [in well 

plate]

• slowly load samples with a narrow tip and pipette into 

separate wells of submerged agarose gel, leaving one 

empty well between samples

• run agarose gel for 65 min at 100V

• slice agarose gel into separate blocks containing one 

sample each [to avoid prolonged exposure of samples to 

UV-light in the following step]

• place single gel block onto UV transilluminator, narrowly 

excise target band with a sterile scalpel blade and store 

excised band in 2pl Eppendorf vial

AT T E NT I ON:

UV-radiation is carcinogenic -  wear face shield and gloves; 

reduce exposure time of yourself and samples to UV- 
radiation as much as possible!

• Use UltraClean 151M DNA Purification Kit [MoBio

Laboratories Inc., Solana Beach, CA, USA] to clean excised

bands:

• weigh excised gel pieces and add 3pi UltraSalt [Sodium 

Iodine solution] per mg of gel [e.g., 540pl UltraSalt to a 

0.18g piece of gel]

• mix well and incubate for 5min at 55°C in water bath 

[until gel has melted entirely]

• resuspend UltraBind [uniform size silica matrix] by 

vortexing for lmin at highest speed

• add 8pi UltraBind [5pi + lpl for every pg of expected 
DNA yield]

• vortex briefly and mix gently by inverting vial for 5min
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• spin 5sec in centrifuge and discard supernatant [take off 

with pipette]

• add 1ml UltraWash [NaCl, Tris, EDTA and ethanol 

solution] and vortex 1 Osec

• spin 5sec in centrifuge and discard supernatant [pour off]

• add 1ml UltraWash and vortex lOsec

• spin 5sec in centrifuge and discard supernatant [pour off]

• spin 5sec in centrifuge and discard supernatant [take off 

with pipette and narrow tip]

• dry off at 37°C for 5-10min

• resuspend in 15pl MQ-water by pipetting up and down [do 

NOT vortex!]

• mix gently by inverting vial for 5min

• spin lmin at 14,000rpm in centrifuge

• transfer supernatant [cleaned PCR product] to another 

sterile vial and discard old vial with pellet

• check DNA quality and quantity by electrophoresis in a 

1% agarose gel (see Appendix J.3) and add MQ-water to 

cleaned PCR products to roughly equalize concentrations 

if necessary

• store at 4°C until processed further

J.5) C leaning of PCR products

• add a mixture of 5pi 5M ammoniumacetate and 50pl chilled,

absolute ethanol to the PCR product

• vortex and precipitate 10min at room temperature

• spin 20min at 14,000rpm in a centrifuge

• discard supernatant [pour off]

• wash with 150pl chilled 70% ethanol

• spin 10min at 14,000rpm in a centrifuge

• discard supernatant [take off with a pipette and a narrow tip]
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• dry 30min at 37°C

• resuspend in 15pi MQ-water by vortexing

• spin down

• check DNA quality and quantity by electrophoresis in a 1% 

agarose gel (see Appendix J.3) and add MQ-water to cleaned 

PCR products to roughly equalize concentrations if necessary

• store at 4°C until processed further

J.6) S equencing reaction

Avoid exposure of BigDye to light by keeping vials in a closed box or wrapped in 

aluminium foil! The following steps are all to be carried out on ice! Reagents should be 

recently thawed or chilled. Vortex and spin down all reagents prior to use.

• label 0.5ml Eppendorf tubes [one forward and one reverse for 

each sample] and place in rack on ice

• set up master mix in the following order for the total number 

of sequencing reactions [number of samples multiplied by 2 

for forward and reverse reaction and multiplied by 1.1 to 

compensate for loss of liquid in pipette tips: n = samples *

2.2], for each reaction consisting of:

reagen t q u an tity

[|nl] ‘

MQ-water 14.0
sequencing buffer [5x] 3.0
BigDye 3.1 1.0

total 1 8 .0

• vortex master mix

• split master mix into half and add 1 pi forward to one half and 

1 pi reverse sequencing primer [3pM each] to the other half of 

the master mix

• aliquot 19pl master mix into the corresponding cooled vials
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• briefly vortex and spin down cleaned PCR products to 

dislodge DNA from vial wall and add 1 jul [pipetting up and 

down in vial 3 times to minimize loss in tip]

• pre-heat PCR machine to 94°C

• vortex vials and take care to remove any air bubbles in the tip 

of the vials [touch vortexer or flick vials with finger]

• load PCR machine with vials directly from ice and start 

sequencing program [see Appendix K.2]

• after completion wrap vials in aluminium foil and store at 4° 

C if not processed further immediately

• add 80pl 75% isopropanol to each vial

• precipitate >30min in the dark

• spin 30min at 14,000rpm in centrifuge

• discard supernatant [pour off]

• wash with 150pl 70% isopropanol

• spin 10min at 14,000rpm in centrifuge

• discard supernatant [pour off]

• wash with 150jul 70% isopropanol

• spin 10min at 14,000rpm in centrifuge

• discard supernatant [take off with pipette and narrow tip]

• dry 30min at 37°C in darkness

• resuspend sequencing reaction products in 20pl absolute 

HiDi formamid by slowly shaking on vortexer [wrapped in 

aluminium foil]

• spin down and load into 96 well plate

• denaturate sequencing reaction products at 94°C for 90sec

• store wrapped in aluminium foil at 4°C until sequenced
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A P P E N D I X  K:

THERMOCYCLER P R O G R A M S

K.l) PCR PROGRAM (TOUCH-DOWN PROGRAM)

tem p eratu re period rep etition
[°C] [sec] o f  cycle

94 2 4 0 1

94 30

65 20 2

72 90

94 30

60 20 2

72 90

94 30

55 20 2

72 90

94 30

50 20 2

72 90

94 30

45 20 2

72 90

94 30

40 20 35

72 90

72 2 6 0 1

4 3 0 0  &  h o ld
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K.2) S equencing reaction program

t e m p e r a t u r e

[°C ]

p e r io d
[secj

r e p e t i t io n  
o f  c y c le

96 20

50 15 35

60 180

4 300 & hold
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A P P E N D I X  L

PRIMER S EQUENCES

L .l) M itochondrial genes

g en e p r im e r
n a m e

d ir e c 
tion

se q u e n c e  [5 '-3 '] so u r c e

12S J 14199 f w d T A C  T A T  G T T  A C G  A C T  T A T K am bham p 
ati & Sm ith 
1995

12S N I 4594 rev A A A  C T A  G G A  T T A  G A T  A C C  C K am bham p 
ati & Sm ith 
1995

18S 18S-2880 f w d C T G  G T T  G A T  C C T  G C C  A G T  A G von D ohlen 
& M oran 
1995

18S 18S-B rev C C G  C G G  C T G  C T G  G C A  C C A  G A von D ohlen  
& M oran 
1995

C O  I +  II T Y -J-1460 f w d T A C  A A T  T T A  T C G  C C T  A A A  C T T  

C A G  C C
Sim on et 
al. 1994

C O  I +  II C l - J - 175 le f w d G G A  G C T  C C A  G A T  A T A  G C T  T T C  

C C
Sim on et 
al. 1994

C O  I +  II C l-J -2 4 9 5 a f w d C T T  C T A  T A C  T T T  G A A  G A T  T A G  

G
e.g.,
C aterino  &
S perling
1999

C O  1 +  II C l-J -2 7 9 2 a f w d A T A  C C T  C G A  C G T  T A T  T C A  G A e.g.,
C aterino  &
Sperling
1999

C O  I +  II C 2-J-3138 f w d A G A  G C C  T C T  C C T  T T A  A T A  G A A  

C A
Sim on et 
al. 1994

C O  I +  II C l-N -1 8 4 0 a rev A G G  A G G  A T A  A A C  A G T  T C A  y C C e.g.,
C aterino  &
Sperling
1999

C O  I + II C 1-N 2329 rev A C T  G T A  A A T  A T A  T G A  T G A  G C T  

C A
Sim on et 
al. 1994
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gen e prim er d irec-
nam e tion

seq u en ce [5'-3'] source

C O  I +  II C l-N -2 5 7 8 f  rev TGA AAA TG A  GCA A C A  A C A  TAA 
TA

S perling
Lab,
U niversity  
o f  A lberta , 
E dm onton , 
C anada

CO  I +  II T L 2 -N -3 0 1 4  rev TC C  AAT GCA C T A  A T C  TG C  C A T 
A T T  A

Sim on et 
al. 1994

C O  I +  II C 2 -N -3 3 8 9 a  rev T C A  TAA G T T  C A r  T A T  C A T TG Sim on et 
al. 1994

C O  I +  II T K -N -3 7 8 2  rev GAG ACC A T T  A C T  TG C  T T T  CAG 
T C A  T C T

H arrison
L aborato ry ,
C ornell
U niversity ,
Ithaca, N Y ,
U SA

L.2) N uclear genes

gen e p rim er d irec- seq u en ce [5’- 3 ’]
nam e tion

source

28S S3660  fw d GAG AGT TmA A s A  G T A  C G T GAA
D 2/D 3 AC

S equeira  et 
al. 2000

28S A 335 rev  T C G  G A r  GGA AC C  AGC TAC TA

D 2/D 3
S equeira  et 
al. 2000

C PS 806F  fw d G T n  G T n  A A r  A T G  C C n  m G n TGG
GA

M oulton  & 
W iegm ann  
2004

C PS 843F  fw d T T y  CAA AAA GCw T T r  C G d  A T G
G T y  TGA

custom

C PS 1057R  rev  C T C  A w r  T C A  TA A  T C w  G T r  C T h
AC

custom

C PS 1124R  rev C A T n C G  n G A  r A A  y T T  r A A  r C G
A T T  y T C

M o u lto n  & 
W iegm ann  
2004

E F la  M 3 fw d CAC A T y  AAC A T T  G TC  G T s  A T y
GG

C ho et al. 
1995

E F la  M 44.1 fw d G C T GAG C G y  G A r  C G T GGT A T C
AC

C ho et al. 
1995
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gene prim er
nam e

d irec 
tion

seq u en ce  [5'-3'| sou rce

E F la M 46.1 fw d GAG GAA A T y  AAir  AAG GAA G C ho e t  a l. 
1995

E F la M 51.9 fw d C A r  GAC G T A  T A C  AAA A T C  GG C ho e t  a l. 
1995

E F la rc M 5 1.1 rev C A T  r T T  G T C  k C C  GTG C C A  k C C C ho e t  a l. 
1995

E F la rcM 52.6 rev G C y  T C G  T GG  T G C A T y  T C s  AC C ho e t  a l. 
1995

E F la rcM 4 rev A C A  G C v  A C k  G T y  T G y  C T C  A T r  
TC

C ho e t  a l. 
1995

w in g le s s L ep W g l fw d G A r  T G y  A A r  T G y  C A y  G G y  A T G  
T C T  GG

B ro w er &
D eS alle
1998

w in g le s s M odL epW g2 rev A C T  I C G  C r C  A C C  A r T  GGA A T G  
T r C  A

B ro w er &
D eS alle
1998
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BOMBYCOID COMPLEX
H. 10 37 38 46 51 52 55 56 59 60 66

Thyrididae 0 0 0 0 0 0 0 0 0 0 0
Notodontidae 0 0 0 0 0 0 0 0 0 1 0
Mimallonidae 0 0 0 1 0 0 0 0 ? ? ?

Lasiocampidae 0 0 0 1 0 0 0 0 1 0 1
Endromidae 0 0 0 1 1 1 0 0 ? 1 1
Mirinidae 0 0 0 1 1 1 0 0 ? ? ?

Bombycidae 0 0 0 1 0 0 1 0 ? 1 1
Prismostictinae 0 0 ? 1 0 0 1 0 ? ? ?

Apatelodinae 0 0 ? 0 0 0 0 0 ? ? ?

Bombycinae 0 0 0 0 0 0 1 0 ? 1 1
Phiditiinae ? ? ? - - 0 1 0 ? ? ?

Carthaeidae 0 0 1 1 0 0 1 0 1 0 ?

Sphingidae 0 0 1 1 0 0 1 1 1 1 1
Saturniidae 1 0 1 1 1 0 1 1 1 0 1
Anthelidae 1 1 1 1 0 0 1 0 1 1 ?

Eupterotidae 1 1 1 1 1 0 1 0 1 1 ?

Brahmaeidae 1 0 1 1 ? 0 1 0 ? 1 1
Lemoniidae 1 0 1 1 1 0 1 0 ? 1 1
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ĉ- o ĉ-
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BOMBYCOID COMPLEX
c . 9 3 5 3 6 4 5 5 0 51 5 4 5 5 5 8 5 9 6 5

T h y r id id a e 0 0 0 0 0 0 0 0 0 0 0

N o c tu o id e a 0 0 0 0 0 0 0 0 0 1 0

L a s io c a m p id a e  & M im a llo n id a e 0 0 0 1 0 0 0 0 1 0 1

E n d ro m id a e  & M ir in id a e 0 0 0 1 1 1 0 0 ? 1 1

B o m b y c id a e 0 0 0 1 0 0 1 0 ? 1 1

C a rth a e id a e 0 0 1 1 0 0 1 0 1 0 ?

S p h in g id a e 0 0 1 1 0 0 1 1 1 1 1

S a tu rn iid a e 1 0 1 1 1 0 1 1 1 0 1

A n th e lid a e 1 1 1 1 0 0 1 0 1 1 ?

E u p te ro tid a e 1 1 1 1 1 0 1 0 1 1 ?

B ra h m a e id a e  & L e m o n iid a e 1 0 1 1 ? 0 1 0 ? 1 1
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A P P E N D I X  P:

P U B L I S H E D  B O M B Y C O I D  A P O M O R P H I E S

P . l )  C ritical review of published phylogenetic hypotheses of the

BOMBYCOID COMPLEX

Numerous publications relate to the systematics of the bombycoid complex (see 1.3), 

but only very few propose hypotheses of phylogenetic relationships between its families 

based on apomorphies. These particular publications are Brock 1971, Kuznetzov & 

Stekolnikov 1985, 2001, Stekolnikov & Zolotukhin 2002, Niculescu 1988, Scott 1986, 

Minet 1986, 1991, 1994, and Lemaire & Minet [1998] (based on Minet 1994). Of these 

only Brock (1971), Minet (1986, 1991, 1994), and Lemaire and Minet ([1998]) 

examined Anthelidae. However, as the Amthelidae were placed in the Bombycoidea by 

Common (1966), the characters proposed for the bombycoid complex by the other 

authors cannot be simply ignored and are also briefly discussed in this appendix.

Brock (1971) formed hypotheses on the evolutionary relationships between ditrysian 

superfamilies based on hypotheses of transformation series of wing venation, thoracic 

sclerites and the abdominal articulation within each superfamily. He was the first author 

to propose an assemblage of families for the Bombycoidea that is equivalent to our 

current concept of the bombycoid complex, but he did not present any apomorphies to 

support this grouping. While he did not explicitly state apomorphies supporting 

monophyla, his transformation series of changes in the fore wing radial sector included 

the Anthelidae. He regarded the areole of the Anthelidae as an intermediate form 

between the radial sector of the "primitive" Eupterotidae and that of the "more 

advanced" Bombycidae. Thereby, Brock postulated the areole of the Anthelidae to be 

different from the areole present in other Lepidoptera (e.g., Noctuoidea). 1 agree with 

Brock on this conclusion and include this autapomorphy of the Anthelidae as character 

H.47. However, I disagree with him on the transformation series, which is not based on 

detailed morphological studies (Brock explicitly rejected the imaginal tracheation to be 

based on the pupal tracheation (p. 39)), but on his perception of the superficial 

branching pattern of the radial sector and his ideas on how this pattern might have
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evolved by distad movements of certain branches.

Kuznetzov and Stekolnikov (1985, 2001) extensively studied the musculature of 

lepidopteran male genital structures. They hypothesized relationships between families 

of the bombycoid complex, constructing a dendrogram (1985: 31) on the basis of some 

families being "more plesiomorphic" than others and "consequently" being the 

sistergroup to these other families, which is neither a Hennigian nor a cladistic method. 

On this basis, they separated the Lasiocampidae from the Bombycoidea and 

Sphingoidea, placing them in a superfamily of their own -  Lasiocampoidea. 

Nevertheless, they indirectly proposed one synapomorphy ("secondary modification") 

for the Sphingoidea and Bombycoidea, namely the attachment of muscle m4 to the 

dorso-lateral part of the annulus (the tegumen). However, this synapomorphy is illusory, 

as argued in detail in section III.2.3.A.

In a subsequent publication, Kuznetzov and Stekolnikov (2001: 370) presented a 

dendrogram of all families of the bombycoid complex, this time including 

Lasiocampidae, Lemoniidae, Anthelidae, Eupterotidae and Apatelodinae in the 

Lasiocampoidea, despite not having examined any Anthelidae, Eupterotidae or 

Apatelodinae. They defined this expanded superfamily by two characteristics, namely 

the dense hair coverage of caterpillars and the "functional morphology of genitalia". 

While the latter was not specified further, the dense hair coverage of caterpillars is 

widespread in Noctuoidea (e.g., Thaumetopoeinae, Lymantriidae, Arctiidae) and 

occasionally occurs in other families of the bombycoid complex (e.g., the Satumiidae 

Loepa, Vegetia, Ludia, Decachorda and Micragone). Similarly, the Bombycoidea were 

defined by a single character, namely the substitution of primary setae in caterpillars 

with verrucae/scoli. Such verrucae are very widespread, occurring in Noctuoidea as well 

as all members of the Lasiocampoidea sensu Kuznetzov and Stekolnikov (2001). In 

summary, none of their proposed characters are suitable for phylogenetic hypotheses 

within the bombycoid complex.

Stekolnikov and Zolotukhin (2002) examined the genital structures and musculature 

of the genus Lemonia (Lemoniidae), confirming that Lemoniidae should be included in 

the Lasiocampoidea sensu Kuznetzov and Stekolnikov (2001). This hypothesis is based 

on two proposed synapomorphies of Lemoniidae and Lasiocampidae, namely the loss of
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muscle m2 and the articulation of the gnathos with the lateral angles of the uncus. As the 

authors themselves stated, the former apomorphy is very widespread and common 

within Macrolepidoptera (at least some taxa in all superfamilies), hence of very little 

significance. In contrast, the articulation between gnathos and uncus was said to be of 

importance due to "virtually total absence in other families and superfamilies of 

Lepidoptera" (p. 685), except for Papilionoidea. However, this type of articulation is 

likely to be the ground plan condition in Lepidoptera due to the origin of the uncus from 

the 10th tergite and of the gnathos from the 10th stemite (Kristensen 2003b: 107; see 

section III. 1.1). This articulation is typically at the proximal end of the uncus 

(sometimes represented by lateral extensions), near its articulation with the tegumen. As 

with the fusion between uncus and tegumen in many species, a secondary sclerotization 

between the dorsal end of the gnathos arm and the posterior edge of the tegumen can 

connect the two structures, giving the false impression of an articulation between the 

gnathos and the tegumen+uncus or even the tegumen only. The, in my opinion, 

plesiomorphic type of gnathos articulation (with the proximal edge of the uncus) is by 

no means "virtually absent" in Lepidoptera. Even if the sclerotization is also 

approximated to the tegumen, its direct connection to the uncus is apparent in numerous 

species of various families, e.g., Agrotis infusa (Noctuidae), Aurivillius fuscus, 

Pselaphe/ia flavivitta, Opodiphthera Helena, Svssphinx quadrilineata (all Satumiidae), 

Carthaea saturnioides (Carthaeidae), Anthela euryphrica, A. exce/lens, Pterolocera spp. 

(all Anthelidae), Poecilocampa populi (Lasiocampidae) and Cicinnus sp.

(Mimallonidae).

Niculescu (1988, 1989a: 105) claimed to have defined the Bombycoidea by 18 

characters of the exo-skeleton in Niculescu 1988, but none of his characters actually did 

so. Instead, he presented a list of characters claimed to be apomorphies or 

plesiomorphies, respectively of Lasiocampidae, Lemoniidae, Attacidae [= Satumiidae], 

Mimallonidae or Endromidae. Seemingly based on the number of presumed 

apomorphies relative to plesiomorphies he regarded a family as the "most advanced of 

Bombycoidea" (Lasiocampidae), belonging to the "advanced families" (Lemoniidae) 

and so on. Further, each of these presumed plesiomorphies and apomorphies was at best 

presented as a simple line-drawing and a short sentence regarding the occurrence or 

shape of the structure within a single family of the bombycoid complex. No information
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on the occurrence of the character in other families of the bombycoid complex or 

outside of it was provided. Under these circumstances I deem it futile to discuss his 

characters in detail.

Scott (1986), who himself stated not to have "great personal experience with moth 

anatomy" (p. 30), hypothesized on the relationships between superfamilies of 

Macrolepidoptera. He did not specify which families he included in the Bombycoidea, 

but he excluded Sphingidae and Mimallonidae from it. His cladogram showed three 

characters that he regarded as autapomorphies of the Bombycoidea. These are the 

concealed fore leg femur in the pupa, the non-roofed position of the wings over the 

abdomen and the absence of chaetosemata. The former two characters are not universal 

within the bombycoid complex, and whether they represent the ground plan condition of 

each of its families remains to be shown. Further, none of these characters are unique to 

the Bombycoidea, in fact, Scott's "matrix" (1986: 36, table 1) showed that they occur at 

least in some taxa of every macrolepidopteran superfamily, except for the universal 

presence of chaetosemata in Hesperioidea and Papilionoidea. Obviously, none of these 

three characters is suitable to define the superfamily Bombycoidea.

Minefs studies of the bombycoid complex are the by far most specific and 

comprehensive published to date. He refined and expanded his hypotheses on the 

relationships within the bombycoid complex in several publications (1986, 1991, 1994, 

and in Lemaire & Minet [1998]). While his hypotheses are currently widely accepted 

(e.g., Regier et al. 1998, Holloway et al. 2001, Gaedike & Häuser 2003; but see 

Oberprieler & Duke 1994, Oberprieler et al. 2003), he explicitly stated that the 

"cladogram proposed hereafter (Fig. 71) should only be considered a reasonable 

working hypothesis" (1994: 65). I acknowledge Minefs notion and now discuss with 

particular scrutiny his characters supporting the monophyly of the bombycoid complex, 

of the Bombycoidea, of the Lasiocampoidea and of the Anthelidae. A detailed 

discussion of his proposed apomorphies supporting other monophyla within the 

bombycoid complex is out of the scope of this thesis, but an annotated list of all his 

characters is presented below (Appendix P.2).

Minet (1986) initially specified a single synapomorphy for the bombycoid complex 

(exclusive of Mimallonidae), namely the presence of many secondary setae in
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Caterpillars. Caterpillars with many secondary setae are also typical of many other 

Lepidoptera (e.g., Thaumetopoeinae, Arctiidae, Lymantriidae, Riodinidae and 

Megalopygidae), and Minet himself never mentioned this character again in his later 

publications. Instead, he subsequently proposed six other synapomorphies to support the 

monophyly of the bombycoid complex inclusive of the Mimallonidae:

1. The presence of secondary setae on the larval prolegs (Minet 1991, 1994). This 

characteristic also occurs in some taxa of the Noctuoidea and of Minefs "A-G 

group", which includes the remaining macrolepidopteran superfamilies Axioidea, 

Calliduloidea, Hedyloidea, Hesperioidea, Papilionoidea, Drepanoidea and 

Geometroidea. Further, the presence of secondary setae per se is not a good 

indication of homology.

2. The maxillary palpi of the pupa are either concealed or only indicated by minute 

triangular sclerites (Minet 1991, 1994). Apart from uniting two different conditions 

in one character state, these conditions are also present in some taxa of the 

Noctuoidea and of Minefs "A-G group". At least the reduction of maxillary palpi is 

linked to the loss of the proboscis, which occurred many times independently in 

families within and outside the bombycoid complex.

3. The absence of functional ocelli in the adult moth (Minet 1991, 1994) This is a 

simple loss of function, which not only occurred repeatedly within various families 

(e.g., Cossidae), but which is even the ground plan condition of several non- 

bombycoid families, e.g., the Drepanidae, Uraniidae, Geometridae, Notodontidae and 

Hepialidae.

4. The mesothorax of the adult moth lacks the upper sector of the precoxal sutures 

(Brock 1971; Minet 1991). Minet (1994) himself rejected this apomorphy, because 

the upper sector is distinctly present in some Bombycidae and faintly in Mirinidae. 

Further, the upper sector is also absent in other families, e.g., the Zygaenidae, 

Metarbelidae and Megalopygidae (Brock 1971).

5. The long line of junction between the mesepimeron and the meron (Minet 1991, 

1994). The distinction of this character state is only relative to the hypothesized 

ground plan of the "A-G" group (Minet 1991) and the Noctuoidea, for both of which 

Minet assumed a shorter junction. Minefs assumption for the Noctuoidea seems to be 

merely based on the condition present in Oenosandra boisduvalii (Oenosandridae) 

and the hypothesis of Miller (1991) of the Oenosandridae being the sistergroup of all
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other Noctuoidea. However, Minet's equation of the length in one representative of 

the Oenosandridae with the condition in the hypothetical ground plan of all 

Noctuoidea is highly presumptuous and not empirically supported.

6. The relative closeness of the dorsal extremities of the prescutal clefts on the 

mesothorax (Minet 1991, 1994; Lemaire & Minet [1998]). This condition is less 

distinct in some taxa of the bombycoid complex, e.g., the Mirinidae (Lemaire & 

Minet [1998]). However, it is also present in the Hedylidae (Minet 1994) and 

Oenosandrci boisduvalii (Oenosandridae). The "closeness" of these clefts is relative 

to the condition present in the "hypothetical ground plan of the Macrolepidoptera" 

(Lemaire & Minet [1998]), which unfortunately was not specified further.

The first three of these proposed synapomorphies are very widespread and common 

in Macrolepidoptera, as even Minet noted himself when defining the characters, and 

hence are not convincing synapomorphies of the bombycoid complex. The fourth 

proposed synapomorphy was subsequently rejected by Minet (1994) himself, and in his 

latest publication (Lemaire & Minet [1998]) he presented only the sixth synapomorphy 

as convincing support for the monophyly of the bombycoid complex.

In support of the monophyly of the superfamily Bombycoidea (exclusive of 

Anthelidae, Lasiocampidae and Mimallonidae) Minet (1991, 1994) proposed four 

synapomorphies, all of which were repeated in Lemaire & Minet [1998]:

1. The fore coxae of the final instar caterpillar are anteriorly firmly fused with each 

other (Minet 1991, 1994; Lemaire & Minet [1998]). This condition is not present in 

the Apatelodinae (Bombycidae), which Minet (1994) explained ad hoc as a reversal. 

Further, the fore coxae of some Eupterotidae (Oberprieler & Duke 1994) and of the 

monotypic family Carthaeidae are not fused, the latter of which was not examined by 

Minet (1991). As stated by Minet (1991), the fore coxae are generally not distinctly 

fused in Anthelidae (not included in Bombycoidea). However, they are so closely 

approximated in all Anthelidae that they touch each other and are typically partly 

fused at their base. In Anthela basigera they are even distinctly fused, as in the 

Bombycoidea. Due to their shape, even fused fore coxae always diverge from each 

other distally, leaving a distal gap between them. This gap renders the distinction 

between an anterior basal and an entire fusion difficult. The correct scoring of the

-  656 -



fused condition is further hindered by variation in length and degree of sclerotization 

of the fore coxae in different taxa.

2. In the male genitalia, the "flexors" of the valvae (muscles m4) originate on the 

tegumen, not on the vinculum (Minet 1991, 1994; Lemaire & Minet [1998]). As 

stated by Minet (1991, 1994), this character had previously been proposed by 

Kuznetzov and Stekolnikov (1985). It is discussed in detail in section III.2.3.A, 

where I argue that muscle m4 attaches to the dorsal end of the vinculum (not the 

tegumen) in Bombycoidea, Lasiocampoidea and most other Lepidoptera, and that this 

proposed synapomorphy is based on a chain of errors in interpretation.

3. In the caterpillar, the D1 setae of abdominal segment A8 arise from a middorsal 

protuberance (Minet 1994; Lemaire & Minet [1998]). Minet (1994) assumed this 

character to be present in the hypothetical ground plan of his three main lineages 

within the Bombycoidea and explained the absence of this apomorphy in 

Eupterotidae, Apatelodinae, Lemonia and some Satumiidae ad hoc as a secondary 

loss. Based on a setal map of the first instar caterpillar of Munychryia senicula in 

Common & McFarland (1970: Fig. 15), Minet (1994) assumed the D1 setae to be 

separated from each other in the hypothetical ground plan of the Anthelidae. 

However, as already pointed out by Oberprieler and Duke (1994), the caterpillars of 

Munychryia are highly adapted, camouflaging as a Casuarina leaf, which includes 

the extreme reduction of secondary setae and the total loss of verrucae 

(protuberances). In contrast, the D1 setae are located on distinctly merged verrucae 

on A8 in, e.g., Chelepteryx (Figs 424, 425), Anthela basigera and relatives, and A. 

excel/ens, but are located on more distantly merged verrucae in some Anthelinae 

(e.g., A. ferruginosa). The occurrence of both conditions within the Anthelidae as 

well as outside this family makes a determination of the hypothetical ground plan of 

the family by outgroup comparison impossible. Judging from the phylogeny of 

Anthelidae proposed in section VII. 1.3.1 and the general loss of verrucae in 

Munycfayia, the condition of the merged verrucae (a middorsal protuberance) might 

be assigned to the hypothetical ground plan of Anthelidae. Taxa with (e.g., Entometa 

(Fig. 426), Gastropacha (Minet 1994)) and without a middorsal protuberance on A8 

(e.g., Chionopsyche montana (Fig. 427), Chondrostega, Genduara) occur in 

Lasiocampidae, providing further evidence of the homoplasy of this character. In 

general, these middorsal protuberances vary significantly in structural details within
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the Bombycoidea (e.g., a naked horn in Sphingidae versus a spiny verruca in 

Satumiidae), raising doubts about the homology of the character as defined by Minet 

(1994).

4. Fore wing with branch Rsl/Rs2 closely parallel or even fused with Rs3/Rs4 (Minet 

1994; Lemaire & Minet [1998]). The closely parallel condition is present in the 

families Carthaeidae, Sphingidae and Anthelidae, and differs in the latter from the 

former two only by the larger distance between the two branches. However, very 

closely approximated Rs branches occur in Chelepteiyx (Fig. 180). The extreme 

proximity of the branches in Sphingidae (Fig. 170) is likely to be linked to the very 

narrow wing shape. As discussed in character H.51 (section III.4.2), Minet's

definition of the character assumes that all fusions in other families have originated 

from the closely parallel condition, which is not necessarily the case.

Fig. 424: Chelepteryx collesi (Anthelidae), 
caterpillar (L3) -  abdominal segment A8 with 
merged D1 (yellow arrow) and separate D2 
verrucae (green arrows).

Fig. 425: Chelepteryx collesi (Anthelidae), 
caterpillar (Lm) -  abdominal segment A8 with 
merged D 1 (yellow arrow) and separate D2 
verrucae.
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Fig. 426: Entometa fervens (Lasiocampidae), Fig. 427: Chionopsyche montana
caterpillar (L3/4) -  abdominal segment A8 with a (Lasiocampidae), caterpillar (LI) -  abdominal 
middorsal protuberance (yellow arrow), but no segment A8 with two separate, distinct D1 
verrucae. verrucae (magnified).

For the Lasiocampoidea (Lasiocampidae and Anthelidae), Minet (1991, 1994) 

postulated 5 synapomorphies, none of which are unique as subsequently stated in 

Lemaire & Minet [1998] without further details. These proposed synapomorphies are:

1. Epiphysis of the female reduced or lost, while well developed or less reduced in the 

male (Minet 1991, 1994). Such a "sexual dimorphism" is also present in other 

families, e.g., Endromidae, Mirinidae, some Eupterotidae and some Satumiidae. The 

relative difference in length of a structure is never a good indication of homology. 

Additionally, the reduction of the epiphysis in females is likely to be linked to its 

function, the cleaning of the antennae, which are distinctly less well developed in the 

females of the bombycoid complex.

2. Female hind wing without frenular bristle (Minet 1994). The frenular bristle is absent 

in anthelid females, but not males, while it is absent in both sexes of the 

Lasiocampidae. Further, the frenular bristle is absent in females of Endromidae, 

Mirinidae, Satumiidae, Lemoniidae, some Eupterotidae and some Brahmaeidae. The 

loss of part of the wing-coupling mechanism consisting of retinaculum and frenulum 

in females is likely to be linked to the almost sessile behaviour of these non-feeding
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females, which do not fly prior to mating and tend to lay almost all eggs during the 

following night.

3. Fore wing vein M2 arising closer to M3 than to Ml (Minet 1991, 1994; Lemaire & 

Minet [1998]). This relative position of M2 is also present in various other 

lepidopteran families, e.g., some Pyraloidea, Drepanidae, Noctuoidea, Eupterotidae, 

Endromidae, Sphingidae and Bombycidae. It can be caused by various factors, e.g., 

the extent of fusion between Ml and Rs4, an actual change in the position of M2 and 

the extent of splitting between M2 and M3. Without differentiating between these 

possible causes of the proximity between M2 and M3, which is difficult, this 

character state is certainly not representing homologous arrangements of veins.

4. Mandible of the mature caterpillar provided with some secondary setae (Minet 1991, 

1994). This character is also present in other families, e.g., Eupterotidae, 

Apatelodinae and some Satumiidae (Hemileuca nevadensis). In the examined 

anthelid species, numbers range from 14 to 55 and in Lasiocampidae from 7 to 45 

setae on each mandible. Such variable numbers and the varying positions of the setae 

do not provide indications of homology. As with secondary setae on the integument, 

the mere presence of such setae is not a good indication of homology.

5. Ventral prolegs with the subventral [SV] area divided into two sclerites by a median, 

vertical membrane (Minet 1991, 1994) (Fig. 429). The SV-sclerite is typically entire 

(Fig. 428). Minefs description of the SV area fits not only Lasiocampidae and 

Anthelidae, but also some Eupterotidae, Apatelodinae and Bombycinae. However, in 

Lasiocampidae two dark sclerites are separated from each other by a pale, 

membranous area (Fig. 431), while in the other families two pale sclerotizations are 

separated by a dark membranous area (Fig. 430). In the latter the sclerites themselves 

are not white but translucent, with the underlying tissue shining through. Unlike all 

other Anthelidae, the sclerite is dark and not divided in the caterpillar of Munychryia 

senicula (Fig. 432), which is uniquely modified in many aspects. Among the 

Eupterotidae are species with an entire SV sclerite (e.g., Janomima mariana, 

Phyllalia patens, Poloma angulata, Ebbepterote expansa, Cotana serranotata, 

Panacela lewinae [the observation of a split sclerite by Oberprieler et al. 2003: 109 is 

based on a misidentified caterpillar in the ANIC, which belongs to the anthelid genus 

Newmania]) as well as with a divided SV sclerite (e.g., Rhabdosia patagiata and 

Trichophiala devyJderi\ see Oberprieler & Duke 1994: 237-238). Further, the degree
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of sclerotization ranges within a family from faintly sclerotized (e.g., Argema 

mimosae, Urota sinope (both Satumiidae)) to heavily sclerotized (e.g., Opodipthera 

eucalypti, Micragone cana (both Satumiidae)). This indicates that secondary 

sclerotizations of the median membranous area are possible, as is the loss of one of 

the sclerites. The function of the SV sclerite is unknown. Dissections of prolegs of A. 

astata (Anthelidae) did not reveal any muscle attachments. Instead, the muscle 

moving the crochets attaches dorsal of the sclerite. The stiffening of the proleg 

between the muscle attachment points might contribute to the unhooking of the 

crochets. It prevents a compression of this part of the proleg upon contraction of the 

muscle, which instead tilts (unhooks) the crochets.

While the divided SV sclerite can be prominent, the differences in structure and the 

occurrence of both entire and divided SV sclerites within several families cast doubt 

on the hypotheses of homology regarding this structure.

Fig. 428: Carthaea saturnioides (Carthaeidae), caterpillar (LI) -  abdominal proleg with undivided SV- 
sclerite (SV).
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Fig. 429: Anthela rubicunda (Anthelidae), caterpillar (LI) -  SV-sclerite (SV) of abdominal proleg 
divided by a median, membranous strip (yellow arrows).

Fig. 430: Anthela astata (Anthelidae), caterpillar (Lm) [impinging light] -  white (transparent) SV- 
sclerite (SV) of abdominal proleg divided by a median, membranous, dark strip.
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Fig. 431: Porela sp. (Lasiocampidae), caterpillar (L5) -  dark SV-sclerite of abdominal prolegs divided 
by a median, membranous, pale strip (between two arrows).

Fig. 432: Munyclvyia senicula (Anthelidae), caterpillar (L6) -  prolegs with an undivided, dark SV- 
sclerite (yellow arrows); note the colour pattem of longitudinal stripes.
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Minet (in Lemaire & Minet [1998]) proposed 4 autapomorphies in support of the

monophyly of the Anthelidae:

1. Fore wing with an oblique fold or cross-bar between R and Rsl, near the apex of the 

areole (Lemaire & Minet [1998]). The uniqueness of this structure had already been 

noted by Turner (1904), who -  unlike Minet -  stated correctly that the cross-bar 

extends from Rs2 over Rsl as far as R in some species. This apomorphy has been 

included in my analyses as character H.48 / C.47.

2. Fore wing without spinarea (Lemaire & Minet [1998]). The spinarea are cuticular 

spines arranged in a patch on the ventral side of the anal area of the fore wing (Minet 

1991), which together with a similar patch on the metascutum supposedly functions 

as a wing-locking mechanism if the wings are at rest (e.g., Kristensen 2003b: 85). 

This structure is well developed in many Lepidoptera, but it is absent in all families 

of the bombycoid complex, except for the Lasiocampidae. As Minet (1994; in 

Lemaire & Minet [1998]) assumed the Lasiocampidae to be the sistergroup of the 

Anthelidae, he interpreted the absence of this structure in Anthelidae as an 

autapomorphy of the family. This autapomorphy of the family Anthelidae stands or 

falls with the hypothesis of the sistergroup relationship between Lasiocampidae and 

Anthelidae based on other characters. Even if this hypothesis is correct, this 

autapomorphy has no practical value as it is a loss common to many lepidopteran 

families.

3. Hind wing with base of M2 distinctly closer to M3 than to Ml (Lemaire & Minet 

[1998]). This arrangement of veins in the hind wing was originally part of the third 

synapomorphy of the Lasiocampoidea, namely the proximity of M2 to M3 in fore and 

hind wing (Minet 1991). Subsequently, Minet (1994) restricted this character to the 

fore wing, because M2 is slightly closer to Ml in the hind wing of Chionopsyche, 

which he regarded as possibly "the most primitive lasiocampid genus" (Minet 1994: 

69). Apparently, Minet (1994, in Lemaire & Minet [1998]) assumed the proximity of 

M2 to Ml to be the condition present in the hypothetical ground plan of the 

Lasiocampidae and Lasiocampoidea, which is not justified by the presence of this 

condition in Chionopsyche. Seemingly on this basis Minet (in Lemaire & Minet 

[1998]) proposed the proximity of M2 to M3 in the hind wing as an autapomorphy of 

the family Anthelidae, despite this condition being present in all Lasiocampidae other 

than Chionopsyche, as well as in many macrolepidopteran families (e.g., some
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Callidulidae, Drepanidae, Geometridae and Noctuidae).

4. Abdominal segment A1 of male with postspiracular conical projections of tergal 

origin (Lemaire & Minet [1998]). This seemingly unique modification is not 

restricted to Anthelidae but present in some Eupterotidae. It is used and discussed as 

character H.37.

In summary, none of the apomorphies of Minet (1986, 1991, 1994, in Lemaire & 

Minet [1998]) discussed above support the monophyly of his proposed groupings 

convincingly, except for the cross-bar in the fore wing of the Anthelidae. The vast 

majority of his apomorphies occurs not only in the taxa he named, but additionally also 

in numerous other families (often some of them mentioned by himself). Many of his 

apomorphies are compared against hypothetical ground plans of taxa hypothesized to be 

sistergroups, which stands or falls with these phylogenetic hypotheses. Minet's ground 

plans often seem to be derived by equation with the "most primitive" member of that 

group, a taxon with particularly many plesiomorphic structures. This method ignores 

that such seemingly "primitive taxa" can possess apomorphic structures, too, and the 

method is neither based on a priori Hennigian outgroup comparison nor on cladistic a 

posteriori ground plan reconstruction. Based on the postulated phylogenetic hypotheses 

and hypothetical ground plans, Minet often used the occurrence of a structure in 

different parts of his tree (homoplasies) as support for more than one monophylum, 

often without drawing attention to it. Further, many of Minet's characters are reductions, 

losses or simple structures, which do not provide strong support for any hypothesis of 

homology. These principle shortcomings of Minet's proposed apomorphies are not 

restricted to the ones discussed above, but apply to most of his characters. An annotated 

list of these characters is given below (Appendix P.2).
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P.2) A nnotated list of bombycoid apomorphies proposed by M inet

(Compiled from Minet 1991, 1994 and Lemaire & Minet [1998])

bombycoid complex
p r o p o s e d  a u ta p o m o r p h y c o m m e n t

L a rv a l p ro le g s  w ith  se c o n d a ry  se tae . M ere  p re s e n c e  o f  s e c o n d a ry  se ta e  p ro v id e s  h a rd ly  an y  in d ica tio n  
o f  h o m o lo g y . A lso  p re s e n t in  so m e  N o c tu o id e a  an d  M in e t's  "A - 
G " g ro u p .

Im a g o  w ith o u t fu n c tio n a l o ce lli. R e d u c tio n  o r  lo ss . A lso  p re s e n t in  D re p a n id a e , U ra n iid a e , 
G e o m e tr id a e , N o to d o n tid a e , H e p ia lid a e  a n d  so m e  C o ss id a e .

M e s e p im e ro n  a n d  m e ro n  w ith  a lo n g  
lin e  o f  ju n c tio n .

R e la tiv e  to  in c o r re c t ly  d e te rm in e d  g ro u n d  p la n  ( O e n o s a n d r a  

b o is d u v a l i i  =  N o c tu o id e a )  o n ly .

M a x illa ry  p a lp i o f  th e  p u p a  e n tire ly  
c o n c e a le d  o r  o n ly  in d ic a te d  b y  
m in u te  tr ia n g u la r  sc le rite s .

T w o  d if fe re n t c o n d it io n s  u n ite d . R e d u c tio n  o f  m a x illa ry  p a lp i 
lin k e d  to  v e ry  h o m o p la s t ic  re d u c tio n  o f  p ro b o sc is . A lso  p re se n t 
in  so m e  N o c tu o id e a  a n d  M in e t's  "A -G "  g ro u p .

A d u lt m e s o n o tu m  w ith  th e  d o rsa l 
e x tre m itie s  o f  th e  p re s c u ta l c le f ts  
v a ry in g  fro m  m o d e ra te ly  d is ta n t fro m  
e a c h  o th e r  to  d is tin c tly  jo in e d  
to g e th e r.

R e la tiv e  to  h y p o th e tic a l g ro u n d  p la n  o f  M a c ro le p id o p te ra  o n ly , 
w h ic h  d o e s  n o t e x c lu d e  p re s e n c e  in  N o c tu o id e a  o r M in e t's  "A -G "  
g ro u p . A lso  p re s e n t in  H e d y lid a e  a n d  O e n o s a n d r a  b o i s d u v a l i i  

(O e n o sa n d r id a e ) .

____________________________________________________________1

Mimallonoidea (Mimallonidae)
p r o p o s e d  a u t a p o m o r p h y c o m m e n t

O n  th e  d o rsa l su r fa c e  o f  th e  a b d o m e n  
o f  th e  p u p a , p re se n c e  o f  c o n sp ic u o u s  
g ro o v e s  th a t h a v e  d e n ta te  e d g e s  an d  
lie a lo n g  th e  a n te r io r  m a rg in s  o f  
a b d o m in a l se g m e n ts  A 2 -A 7 .

S e e m in g ly  a u n iq u e  a p o m o rp h y  o f  M im a llo n id a e .

A n te n n a  o f  th e  m a le  im ag o  u n e v e n ly  
b ip e c tin a te , p ro v id e d  p ro x im a lly  w ith  
w e ll d e v e lo p e d  ram i, d is ta lly  w ith  
sh o r te r  ram i, w h ic h  m ay  e v e n  
d is a p p e a r  e n tire ly .

S im p le  re d u c tio n , w h ic h  o c c u rre d  re p e a te d ly  w ith in  sev e ra l 
fa m ilie s , e .g ., B o m b y c id a e , S a tu m iid a e , N o to d o n tid a e , 
L im a c o d id a e  an d  C o ss id a e .

P ro b o sc is  sh o r t to  ab sen t. S im p le  re d u c tio n  o r  lo ss , w h ic h  o c c u rre d  re p e a te d ly  w ith in  
n u m e ro u s  fa m ilie s , e .g ., A n th e lid a e , S p h in g id a e , L y m a n tr iid a e  
an d  A rc tiid a e .

S e c o n d  s e g m e n t o f  th e  la b ia l p a lp u s  
sh o rt, its le n g th  n e v e r  e x c e e d in g  th a t 
o f  se g m e n t 1.

U n u su a l re d u c tio n , w h ic h  is p ro b a b ly  an  a p o m o rp h y  o f  
M im a llo n id a e .

H in d  tib ia e  w ith o u t m e d ia l sp u rs . S im p le  lo ss , w h ic h  o c c u rre d  in a t le a s t so m e  ta x a  o f  m o s t 
m a c ro le p id o p te ra n  fa m ilie s  (e .g ., L a s io c a m p id a e , A n th e lid a e , 
E n d ro m id a e  an d  M irin id a e ) .

In  th e  h in d  w in g , v e in  S c + R  s tro n g ly  
a rc h e d  b e y o n d  w in g  b ase .

S im p le  c u rv in g  o f  a  s in g le  v e in . A lso  p re s e n t in m a n y  o th e r  
fa m ilie s  (e .g ., L a s io c a m p id a e , L e m o n iid a e , E u p te ro tid a e , 
S e m a tu rid a e  an d  C a ll id u lid a e ) .
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L a s io c a m p o id e a  (L a s io c a m p id a e + A n th e l id a e )
p r o p o se d  a u ta p o m o r p h y c o m m e n t

Im a g o  w ith  a se x u a lly  d im o rp h ic  fo re  S im p le  re d u c tio n  o r lo ss , w h ic h  is lik e ly  to  be  lin k e d  to  the 
leg , th e  fe m a le  e p ip h y s is  v a ry in g  re d u c tio n  o f  a n te n n a e  in  fe m a le s . A lso  p re se n t in E n d ro m id a e ,
fro m  d is tin c tly  re d u c e d  to  e n tire ly  M irin id a e , so m e  E u p te ro tid a e  an d  so m e  S a tu m iid a e .
a b se n t.

F o re  w in g  v e in  M 2 a r is in g  c lo s e r  to  
M 3 th a n  to  M l .

S u p e rf ic ia l d e sc r ip tio n  o f  r e la tiv e  p o s itio n  o f  a v e in , w h ic h  can  be  
ca u se d  by  m u ltip le  m o d if ic a tio n s . A lso  p re s e n t w ith in  m a n y  o th e r  
fam ilie s  (e .g ., so m e  P y ra lo id e a , D re p a n id a e , N o c tu o id e a , 
E u p te ro tid a e , E n d ro m id a e , S p h in g id a e  an d  B o m b y c id a e ) .

F e m a le  h in d  w in g  w ith o u t f re n u la r  
b ris tle s .

S im p le  loss, w h ich  is lik e ly  to  b e  lin k e d  to  th e  a lm o s t se ss ile  
b e h a v io u r  o f  th e  fem a le s . A lso  p re se n t in m a n y  o th e r  fam ilie s  
(e .g ., E n d ro m id a e , M ir in id a e , S a tu rn iid a e , L e m o n iid a e , so m e 
E u p te ro tid a e  an d  so m e B ra h m a e id a e ) .

M a n d ib le  o f  th e  m a tu re  la rv a  
p ro v id e d  w ith  se c o n d a ry  se tae .

T he  m ere  p re se n c e  o f  s e c o n d a ry  se tae  p ro v id e s  h a rd ly  an y  
in d ic a tio n  fo r h o m o lo g y . A lso  p re s e n t in E u p te ro tid a e , 
A p a te lo d in a e  an d  so m e  S a tu m iid a e  (H e m i le u c a  n e v a d e n s i s ) .

E a c h  v e n tra l p ro le g  sh o w in g , in S tru c tu ra l d if fe re n c e s  b e tw e e n  fa m ilie s  a n d  d if fe re n c e s  in d e g re e
la te ra l v ie w , a “ v e r t ic a l” m e m b ra n o u s  o f  sc le ro tiz a tio n  w ith in  fa m ilie s . A lso  p re s e n t in so m e
a re a  w h ic h  m a y  lie e ith e r  m e d ia lly , 
th u s  d iv id in g  th e  S V  p la te  in to  tw o  
p a rts , o r  p o s te r io r ly , th u s  g iv in g  an  
e lo n g a te  sh a p e  to  th e  S V  p la te .

E u p te ro tid a e , A p a te lo d in a e  a n d  B o m b y c in a e .

B o m b v c o id e a
p r o p o se d  a u ta p o m o r p h y c o m m e n t

In th e  la s t s ta g e  la rv a , fo re  c o x a e  
d is tin c tly  fu se d  a n te r io r ly .

D iff ic u lt to  id e n tify  d u e  to  d if fe re n c e s  in  s ize , d e g re e  o f  
sc le ro tiz a tio n  an d  e x te n t o f  fu s io n  o f  co x a e . A lso  p re se n t in so m e  
A n th e lid a e  (A n th e la  b a s i g e r a ). A b se n t in A p a te lo d in a e , so m e  
E u p te ro tid a e  an d  C a rth a e id a e .

S e g m e n t A 8  o f  th e  la rv a  w ith  th e  D1 U n sp e c if ic  m e rg e r  o f  v e r ru c a e , w h ic h  a lso  o c c u rs  in  so m e 
se tae  a r is in g  fro m  a m id d o rsa l sc o lu s , L a s io c a m p id a e  (e .g ., E n to m e ta )  an d  se v e ra l A n th e lid a e  (e .g ., 
so m e tim e s  re p la c e d  b y  a c o n ic a l C h e le p te r y x ,  A n th e la  b a s ig e r a  a n d  A . e x c e l le n s ) .  A b se n t in
p ro tu b e ra n c e  (th e  sc o lu s  o ften  b e in g  E u p te ro tid a e , A p a te lo d in a e , L e m o n ia  an d  so m e  S a tu m iid a e  (e .g ., 
b e tte r  d e v e lo p e d  in y o u n g e r  la rv a e ). S a la s s a ).

F o re  w in g  v e n a tio n  w ith  R s l /R s 2  
c lo s e ly  p a ra lle l to  o r  fu se d  w ith  
b ra n c h  R s3 /R s4 .

S im p le  re la tiv e  p o s itio n  o f  v e in s  a n d  u n ju s tif ie d  a s su m p tio n  th a t 
all fu s io n s  o rig in a te d  fro m  th e  c lo se ly  p a ra lle l c o n d itio n . A lso  
p re se n t in A n th e lid a e , e x c e p t fo r  w id e r  d is ta n c e  b e tw e e n  
b ra n c h e s  (c lo se ly  a p p ro x im a te d  in  C h e le p te r y x ) .

M ale  g e n ita lia  w ith  th e  “ f le x o rs”  o f  
th e  v a lv a e  a r is in g  fro m  th e  te g u m e n , 
n o t f ro m  th e  v in c u lu m .

N o  m o d if ic a tio n  p re se n t (s e r ie s  o f  m is ta k e s  b y  K u z n e tz o v  &  
S te k o ln ik o v  1985), m u sc le  a tta c h e s  to  d o rsa l e n d  o f  v in c u lu m  as 
in o th e r  M a c ro le p id o p te ra .
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E u p te r o t id a e + B o m b y c id a e + E n d r o m id a e + M ir in id a e + S a t u r n i id a e
p rop osed  au tap om orp h v  com m en t

Pupa with the proboscis cases 
shortened to a varying extend.

Equivalent to simple reduction or loss of the proboscis, which 
occurred repeatedly within numerous families, e.g., 
Mimallonidae, Anthelidae, Lasiocampidae, Sphingidae, 
Lymantriidae and Arctiidae.

In the adult, maxillary palpi vestigial, 
without a distinct segmentation.

Simple reduction or loss linked to reduction of proboscis. Also 
present in numerous other Lepidoptera (e.g., Lasiocampidae and 
Anthelidae).

Fore wing with all Rs branches 
stalked together.

Metepimeron provided, in lateral 
view, with a vertical (or slightly 
oblique) strip of weakly sclerotized 
cuticle, which reaches the ventral 
edge of the epimeron.

Poorly defined; merger of Rs branches in Bombycidae is not 
homologous, but possibly homologous condition also present in 
Lemoniidae and Brahmaeidae. Merger of Rs branches, as defined 
by Minet (1994), occur additionally in numerous families, e.g.,
Geometridae and various families of the Noctuoidea.__________
Weak area near middle of metepimeron, which can be 
membranous, partly/weakly sclerotized or strongly sclerotized 
(Lasiocampidae). Occasionally a strongly sclerotized median area 
with a fold (?) indicating the secondary nature of the 
sclerotization (e.g., Carthaeidae, for which Minet (1994) implies 
the absence of the membranous area). Also present in 
Munychryia senicula (Anthelidae; partly weakly sclerotized, but 
distinct; distinctly sclerotized in Cheleptervx chaleptenx, Anthela 
adriana, A. acuta group, Pterolocera). Very large membranous 
area in Oenosandra boisduvalii (Oenosandridae). Difficult to 
interpret, more extensive screening required. Possibly the 
presence of a membranous area is the plesiomorphic condition, 
with a tendency towards a secondary sclerotization of the area.

Fore femora concealed in the pupa. According to Minet (1994) “widespread in the bombycoid 
complex”, but absent in Sphingidae, which Minet incorrectly 
equated with being the ground plan condition for the proposed 
clade Carthaeidae-^-Lemonndae+Brahmaeidae+Sphingidae.
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Endromidae+Mirinidae+Saturniidae
proposed autapomorphy comment

Posterior arm of the mesepimeron The definition of this apomorphy is difficult. In most taxa a gap 
wholly divided by a transverse area in the sclerotization of the mesepimeron extends dorsad, almost 
of weakly sclerotized cuticle. reaching the pleural membrane. This weakened area is part of a

fold or overlap (posterior side overlapping anterior part), and in 
taxa with an overlap the weak sclerotization and line of overlap 
reach the pleural membrane. The difference between almost and 
distinctly reaching the pleural membrane is small, but the 
variation in shape and position of this weakly sclerotized overlap 
is strong. This character certainly requires some more detailed 
comparative morphology. An overlap that distinctly reaches the 
pleural membrane is also present in Ganisa plana (Eupterotidae), 
Munychryia senicula, Pterolocera sp. (both Anthelidae),
Carthaea saturnioides (Carthaeidae), Apatelodes (Bombycidae: 
Apatelodinae) and, according to Minet (1994), Phiditiinae 
(Bombycidae).

In the fore wing venation, Rsl and Simple distal shift of fork in Rsl/Rs2, which is a general
Rs2 either entirely fused or stalked tendency and also present in Eupterotidae, Lemoniidae and
for a very long distance (the free Sphingidae. 
section of Rs 1 being much shorter 
than the distance between its origin
and that of the free section of Rs3).__________________________________________________________
In both sexes, hind wing entirely Simple loss, which also occurred in various other families, e.g., 
devoid of frenulum,_______________ Lasiocampidae, Lemoniidae and some Brahmaeidae.___________

Endromidae+Mirinidae
proposed autapomorphy comment

Imago with the labial palpi never 3- 
segmented.

Relatively unusual loss, which differs between the two families 
(Endromidae short and non-segmented, Mirinidae 2-segmcnted), 
possibly an autapomorphy of the group. A reduction of the 
number of segments to one or two is also present in some 
Saturniidae (Urotini), which most probably is a convergence.

Fore leg epiphysis with a pronounced Simple reduction or loss that is likely to be linked to the 
sexual dimorphism, that of the female reduction of antennae in females. Also present in Lasiocampidae, 
varying from reduced to wholly Anthelidae,some Eupterotidae and some Satumiidae.
absent.
Tibial spurs numbering 0-2-2. Simple loss, which occurs in at least some taxa of most 

macrolepidopteran families (e.g., Mimallonidae, Lasiocampidae 
and Anthelidae).

Fore wing with a long “anal loop”, 
the length of which equals or exceeds 
half the length of the fused section of 
the anal veins.

Simple, but unique change in relative position of the anal veins -  
an autapomorphy of the group.
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Carthaeidae+Lemoniidae+Brahmaeidae+Sphingidae
proposed autapomorphy comment___

In  b o th  w in g s , v e in  C u P  a b se n t o r 
re p la c e d  by  a fo ld .

S im p le  re d u c tio n  o r  lo ss , w h ic h  o c c u rs  in  a lm o s t a ll fa m ilie s  o f  
th e  b o m b y c o id  c o m p le x  a n d  m o s t o th e r  M a c ro le p id o p te ra . 
P o s tu la t io n  as a p o m o rp h y  b a se d  on  p ro p o s e d  s is te rg ro u p  
re la tio n sh ip  w ith  a c la d e  in c lu d in g  B o m b y c id a e , in w h ic h  C u P  is 
re ta in e d .

In h in d  w in g  v e n a tio n , S c + R  c lo se ly  
p a ra lle l to  a se c tio n  o f  R s ly in g  
b e fo re  o r  b e y o n d  th e  en d  o f  th e  d is c a l 
ce ll.

R e la tiv e  p o s itio n  o f  v e in s  o n ly . P ro b a b ly  n o t h o m o lo g o u s  in 
C a r th a e id a e  (d iv e rg e s  fro m  ce ll m u c h  fu r th e r  b a sa lly  th a n  in 
o th e r  fa m ilie s ) . A lso  p re s e n t in  A x iid a e , C a ll id u lid a e  an d  
D re p a n id a e .

A d u lt a b d o m e n  w ith  th e  la te ra l b a rs  
o f  d o rsu m  1 d is tin c tly  p ro d u c e d  
la te ra d , in th e  rear.

P re se n t in  m an y  o th e r  fa m ilie s , p o s s ib ly  e x tre m e  in A n th e lid a e  
a n d  so m e  E u p te ro tid a e  ( la te ra l sp in e ).

F e m a le  a b d o m e n  w ith  th e  p o s te r io r  
th ird  o f  v e n te r  7 e ith e r  m e m b ra n o u s  
o r  v e ry  w e a k ly  s c le ro tiz e d .

S im p le  re d u c tio n , w h ic h  is o fte n  p re s e n t in th e  g ro u p  c o n s is tin g  
o f  E u p te ro tid a e , B o m b y c id a e , E n d ro m id a e , M ir in id a e  an d  
S a tu rn iid a e .

A d u lt m e s o th o ra x  w ith  th e  “ lo w e r” 
se c to r  o f  th e  p re c o x a l su tu re  
d is tin c tly  p ro lo n g e d  up  to  th e  
a n a p le u ra l c le ft.

A c c o rd in g  to  M in e t (1 9 9 4 )  a lso  p re se n t in m o s t o th e r  ta x a  o f  the  
b o m b y c o id  c o m p le x , e x c e p t fo r  M ir in a  (M ir in id a e ) . T h e  
p o s tu la t io n  as an  a p o m o rp h y  fo r  th is  g ro u p  c an  o n ly  be  b a se d  on  
th e  u n ju s tif ie d  e q u a tio n  o f  th e  c o n d it io n  p re se n t in  M ir in a  w ith  
th e  o n e  o f  th e  g ro u n d  p la n  o f  th e  g ro u p  E u p te ro tid a e , 
B o m b y c id a e , E n d ro m id a e , M ir in id a e  a n d  S a tu rn iid ae .

A d u lt m e so th o ra x  w ith o u t 
p a re p is te rn a l m e m b ra n e .

T h e  p a re p is te rn a l m e m b ra n e  v a r ie s  in  s ize  an d  ex ten t. It c an  b e  
d is tin c tly  p re se n t o r  a b se n t w ith in  a  fa m ily , e .g , p re se n t in G a n is a  

p l a n a  a n d  a b se n t in E u p te r o t e  sp . (b o th  E u p te ro tid a e ) . It is 
d is tin c tly  p re se n t in L a s io c a m p id a e , O e n o sa n d r id a e  an d  
G e o m e tr id a e , b u t a p a r t fro m  th e  m o n o p h y lu m  p ro p o se d  by  M in e t 
a lso  a b se n t in  th e  A n th e lid a e , S a tu rn iid a e  an d  B o m b y c id a e  ( in ch  
A p a te lo d in a e )  I e x a m in e d .

Lemoniidae+Brahmaeidae+Sphingidae
proposed autapomorphy comment

M e ta n o tu m  o f  th e  p u p a  
c o n sp ic u o u s ly  s c u lp tu re d .

W ith o u t a  sp e c if ic  p a tte rn  a  v e ry  s im p le  c h a ra c te r , w h ic h  a lso  
o c c u rs  w ith in  se v e ra l o th e r  fa m il ie s  (e .g ., E u p te ro tid a e , 
S a tu rn iid a e  a n d  E n d ro m id a e ); see  d is c u s s io n  in  O b e rp r ie le r  &  
D u k e  1994: 2 3 3 -2 3 5 .

In  th e  ad u lt, m a x illa ry  p a lp i a t m o s t 
2 -se g m e n te d .

S im p le  re d u c tio n  o r  lo ss  lin k e d  to  re d u c tio n  o f  p ro b o sc is . A lso  
p re s e n t in  n u m e ro u s  o th e r  L e p id o p te ra  (e .g ., so m e  
L a s io c a m p id a e , L e m o n iid a e , E u p te ro tid a e , E n d ro m id a e , 
M ir in id a e  a n d  S a tu rn iid a e ) .

P o s te r io r  “ a rm ” o f  th e  m e se p im e ro n  
d is tin c tly  sh o r te n e d , its w e a k ly  
s c le ro tiz e d  a re a  ly in g  n e a r  th e  re a r  
e n d  o f  th e  m e ro n -e p im e ro n  ju n c t io n  
line.

T h is  c h a ra c te r , w h ic h  is p re s e n t in  m o s t fa m ilie s  o f  th e  
b o m b y c o id  c o m p le x , is [ in c o rre c tly ]  a s s u m e d  to  b e  a p o m o rp h ic  
fo r  th e  p ro p o s e d  m o n o p h y lu m  d u e  to  th e  h y p o th e s iz e d  
s is te rg ro u p  re la tio n sh ip  w ith  C a r th a e id a e . In  C a rth a e id a e  th e  
m e m b ra n o u s  a rea  is sa id  to  b e  lo c a te d  fu r th e r  p o s te r io r ly  th a n  in 
th e  p ro p o s e d  m o n o p h y lu m , a t a b o u t th e  p o s itio n  sh o w n  in  F ig . 36  
o f  M in e t 1994. T h is  is n o t th e  c a se , th e  m e m b ra n o u s  a re a  is 
lo c a te d  e v e n  a n te r io r ly  o f  th e  p o s te r io r  en d  o f  th e  m e ro n -  
e p im e ro n  ju n c t io n . T h e  s tru c tu re  p ro b a b ly  o b se rv e d  b y  M in e t in 
th e  sp e c if ie d  p o s itio n  is th e  su tu re  b e tw e e n  th e  m e se p im e ro n  an d  
m e ta n e p is te m u m . T h is  "a p o m o rp h y "  re q u ire s  m o re  d e ta ile d  
e x a m in a tio n .

In  th e  h in d  w in g , v e in  S c + R  
a p p ro x im a te d  to  th e  p o s td isc a l 
se c tio n  o f  R s ( i.e . th a t s e c tio n  o f  R s 
w h ic h  le a v e s  th e  d is c a l ce ll).

R e la tiv e  p o s itio n  o f  v e in s  o n ly , w h ic h  is  a lso  p re se n t in A x iid a e  
a n d  D re p a n id a e .
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On each side of the adult 
mesoscutum, “notal incision” 
dorsally extended into a fairly 
narrow, tapering cleft.
All Rs branches stalked together in 
the fore wing.

Simple reduction of sclerotization, also present in other families, 
e.g., Lasiocampidae, Anthelidae and Eupterotidae (proposed 
autapomorphy of the family).

Poorly defined; also present in Lemoniidae and Brahmaeidae. 
Merger of Rs branches, as defined by Minet (1994), occur 
additionally in numerous families, e.g., Geometridae and various 
families of the Noctuoidea.

Female hind wing without frenular 
bristles.

Simple loss, which is likely to be linked to the almost sessile 
behaviour of the females. Also present in many other families 
(e.g., Lasiocampidae, Anthelidae, Mirinidae, Saturniidae and 
some Eupterotidae).

In the male abdomen, sternum 8 
distinctly smaller than sternum 7.

Simple reduction, which according to Minet (1994) occurs in 
“several bombycoid taxa”.

In the male abdomen, intersegmental Structurally unspecific/simple and according to Minet (1994) also
membrane 8-9 dorsally provided with present in a few other bombycoid taxa. Possibly an
scales.__________________________ autapomorphy of the group. ________________
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A P P E N D I X  O:

U S E D  T A X O N O M I C  N A M E S  WITH A U T H O R

A N D  YEAR

Acanthobrahmaea Sauter, 1967

Acherontia styx (W estwood, 1847)

Actias artemis (B remer & G rey, 1853)

Actias luna (L innaeus, 1758)

Aglaopus pyrrhata (W alker, 1866)

Aglia tan L innaeus, 1758

Agnus convolvuli (L innaeus, 1758)
Agrius godarti (W.S. M acleay, [1826])
Agrotis infusa (B oisduval, 1832)

Agrotis ipsi/on (H ufnagel, 1766)

Alompra roepkei pella T ams, 1953

Amorpha juglandis (S mith, 1797)

Andraca theae (M atsumura, 1909)

Andraca W alker, 1865

Antheraea Hübner, 1819

Antheraea pernyi (G uerin-M eneville, 
1855)

Antheraea polyphemus (C ramer, 1776) 

Apanteles Förster, 1862 

Apatelodes Packard, 1864 

Apatelodes pudefacta D yar, 1904 

Apina callisto (A ngas, 1847)

Apona W alker, 1856 

Argema mimosae (B oisduval, 1847) 

Aroa cometaris (B utler, 1887) 

Arsenura armida (C ramer, 1779) 

Arsenura cioco/atina D raudt, 1930 

Arsenura xanthopus (W alker, 1855) 

Artace W alker, 1855 

Artace cribraria (L jungh, 1825)

Attacus lemairei Peigler, 1985

Aurivillius fuscus (R othschild, 1895)

Ba/acra W alker, 1856

Bathyphlebia eminens (D ognin, 1891)

Bombyx L innaeus, 1758

Bombyx huttoni W estwood, 1847

Bombyx mandarina (M oore, 1872)

Bombyx mori (L innaeus, 1758)

"Borrelina anthelus" D ay, C ommon,
Farrant & Potter, 1953

Brahmaea W alker, 1855

Brahmaea certhia (Fabricius, 1793)

Brahmaea tancrei A ustaut, 1896

Brahmophthalma M ell, [1930]

Brahmophthalma hearseyi (W hite, 1862)

Calliteara pura (T.P. Lucas, 1892)

Carthaea saturnioides W alker, 1858

Cercophana venusta (W alker 1856)

Ceridia mira R othschild & Jordan, 1903

Charletonia feideri Southcott, 1966

Chionopsyche montana A urivillius, 1909

Chondrostega Lederer, 1858

Cicinnus B lanchard, 1852

Coenotes eremophilae (T.P. Lucas, 1891)

Coloradia Blake, 1863

Coi~vus L innaeus, 1758

Cotana serranotata (T.P. Lucas, 1894)
Cricula trifenestrata treadawayi N ässig, 
1989

Crinocraspeda H ampson, 1892 

Crinocraspeda torrida (M oore, 1879)
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Cyanoxorides C ameron, 1903

Dactyloceras M ell, [1930]

Dactyloceras widenmanni (K arsch, 1895)

Danausplexippus (L innaeus, 1758)

Daphnusa ocellaris W alker, 1856

Decachorda A urivillius, 1898

Dirphia H übner, 1819

Discophlebia catocalina R. F elder, 1874

Eac/es imperialis (D rury, 1773)

Eacles imperialis opaca (B urmeister, 
1878)

Ebbepterote expansa (T.P. L ucas, 1891)
Echthromorpha intricatoria (F abricius, 
1804)

Endromis O chsenheimer, 1810  

Endromis versicolora (L innaeus, 1758) 

Enicospilus Stephens, 1835 

Ennomos autumnaria (W erneburg, 1859) 

Entometa W alker, 1855 

Entometa fervens (W alker, 1855)

Eosia insignis Le C erf, 1911

Epicoma H übner, 1819

Epiphora mythimnia (W estwood, 1849)

Eremaea Turner, 1915
Eremaea coral/iphora (L ower, 1900)

Eriogaster lanestris (L innaeus, 1758)

Euglyphis H übner, 1820

Euproctis H übner, 1819

Euproctis baliolalis (S winhoe, 1892)

Eupterote H übner, 1820

Eupterotepallida (W alker, 1855)

Euthrix laeta austrina (de L ajonquiere) 

Euxoa messoria (H arris, 1841)

Ganisa W alker, 1855 

Ganisaplana W alker, 1855 

Gastridiota adoxima (T urner, 1902)

Gastropacha O chsenheimer, 1810

Genduara W alker, 1856

Genduarafo/a (S winhoe, 1902)

Goodia kuntzei (D ewitz, 1881)

Gotra gilberti (T urner, 1919)

Gynanisa W alker, 1855

Hemileuca W alker, 1855

Hemileuca nevadensis Stretch, 1872

Hopliocnema brachycera (L ower, 1897)

Hoplojana rhodoptera (G erstäcker, 1871)

Hypsidia niphosema (L ower, 1908)

Indomyrlaea auchmodes (T urner, 1905)

lridomyrmex M ayr, 1862

Janomima mariana (W hite, 1843)

Kunugia austroplacida H olloway, 1987

Kunugiafae Z olotuhin, T readaway & 
W itt, 1997

Laelia obso/eta (F abricius, 1775)

Laothoepopuli (L innaeus, 1758)

Lemonia H übner, 1820

Lemonia balcanica (H errich-S chäffer, 
1847)

Lemonia dumi (L innaeus, 1761)

Lemonia sardanapalus Staudinger, 1887

Lemonia taraxaci ([D enis &  
Schiffermüller], 1775)

Leptocneria reduct a (W alker, 1855)

Leptus charon Southcott, 1991

Leucophlebia afra K arsch, 1891

Lioscinella australiensis Spencer, 1978

Lissopimpla Kriechbaumer, 1889

Loepa M oore, 1860

Loepa diversiocellata B ryk, 1944

Lonomia W alker, 1855

Ludia W allengren, 1865

Lymantria nephrographa T urner, 1915
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Macromphalia F elder, 1874

Macrothylacia rubi (L innaeus, 1758)

Malacosoma H übner, 1820

Malacosoma neustria (L innaeus, 1758)

Manduca sexta (L innaeus 1763)

Marumba tigrina G ehlen, 1936

Mega/opyge opercularis (S mith, 1797)

Melanergon B ethune-B aker, 1904

Micragone W alker, 1855

Micragone cana (A urivillius, 1893)

Mimal/o amilia (C ramer 1780)

Mirina christophi (S taudinger, 1887)

Monarda oryx D ruce, 1896

Mustilia gerontica W est, 1932

Netelia producta (B rülle, 1846)

Ocinara W alker, 1856

Ocinara ficicola (W estwood & O rmerod, 
1889)

Odonestis G ermar, 1812 

Odonestis erectilinea (S winhoe, 1904) 

Oenochroma vinaria G uenee, 1857 

Oenosandra boisduvalii N ewman, 1856 

Olcec/ostera B utler, 1878 

Olcec/ostera seraphica (D yar, 1906) 

Oncopera alboguttata T indale, 1933 

Opodiphthera eucalypti Scott, 1864 

Opodiphthera helena (W hite, 1843) 

Opsirhina albigutta W alker, 1855 

Opsirhina a/phaea (F abricius, 1775) 

Opsirhina lechriodes (T urner, 1911) 

Oxytenis H übner, 1819 

Panacela lewinae (L ewin, 1805) 

Panacela nyctropa (T urner, 1922) 

Panacela syntropha T urner, 1922  

Paonias myops (S mith, 1797)

Paralaea G uest, 1887

Para/aea jarrah M cQ uillan, Y oung & 
R ichardson, 2001

Paralaeaporphyrinaria (G uenee, 1857)

Paralebeda crinodes uniformis H olloway, 
1976

Pararguda rufescens (W alker, 1855)

Parusta thelxinoe F awcett, 1915

Periga W alker, 1855

Pernattia brevipennis (W alker, 1865)

Pernattia chlorophragma (T urner, 1924)

Pernattiapusilla (D onovan, 1805)

Phalaena L innaeus, 1758

Pheidole W estwood, 1839

Phiala W allengren 1860

Phiala arrecta D istant, 1899

Phiala costipuncta (H errich-S chäffer, 
[1855])

Phyllalia patens (de Boisduval, 1847) 

Pinara cana W alker, 1855 

Pinara divisa (W alker, 1855) 

Poecilocampa populi (L innaeus, 1758) 

Poloma angulata W alker, 1855 

P or el a W alker, 1855 

Preptos Schaus, 1892 

Prismosticta B utler, 1880  

Prismosticta tiretta Swinhoe, 1903 

Pselaphelia A urivillius, 1904 

Pselaphelia flavivitta (W alker, 1862) 

Pselaphelia gemmifera (B utler, 1878) 

Pseudanapaea transvestita H ering, 1931 

Quentalia ephonia (S toll, 1791) 

Rhabdosia patagiata (A urivillius, 1911) 

Rhinolophus megaphyllus G ray, 1834 

Rhodinia fugax (B utler, 1877)

Rhyssa semipunctata K irby, 1883 

Sabalia W alker, 1865
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Sabalia picarina W alker, 1865

Sabatinca barbarica P hilpott, 1918

Samia cynthia (D rury, 1773)

Smerinthus L atreille, 1802

Smerinthus cerisyi K irby, 1837

Smerinthus jamaicensis (D rury, 1773)

Smerinthus ocellata (L innaeus, 1758)

Sphingonaepiopsis obscurus (M abille, 
1880)

Spiramiopsis comma H ampson, 1901

Stoermeriana de F reina &  W itt, 1983

Synoecha marmorata (T.P. L ucas, 1891)
Syntherata janetta (W hite, 1843)

Syssphinx quadrilineata (G rote & 
R obinson, 1867)

Taylorimyia iota (Johnston &  T iegs, 1921) 

Teleogiyllus commodus (W alker, 1869)

Therinia buckleyi Jordan, 1924 

Therinia H übner, 1823 

Theronia tuberculicollis (C ameron, 1912) 

Tolype auste/Ia F ranclemont, 1973 

Trabala W alker, 1856 

Trabala vishnou (L efebvre, 1827) 

Trichiura crataegi (L innaeus, 1758) 

Trichophiala devylderi A urivillius, 1879 

Trictena M eyrick, 1890 

Trictena argyrosticha T urner, 1929 

Trogoptera althora Schaus, 1928 

Urota sinope (W estwood, 1849)

Usta angu/ata R othschild, 1895 

Vegetia J ordan, 1922 

Xenosphingia J ordan, 1920 

Xenosphingia j  ansei Jordan, 1920
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AP P EN D I X  R

FIGURE A B B R E V I A T I O N S

Male genital structure sclerites
A = a n e llu s

A C = a n a l co n e

C - c o e c u m

C L = c la s p e r

C O = c o rn u tu s

D E = d u c tu s  e ja c u la to r iu s

G - g n a th o s

G A = g n a th o s  a n n  ( la te ra l)

G P - g n a th o s  p la te  (m e d ia n )

J = ju x ta

M = m a n ic a

M F - m e sa l fo ld

M P = m e sa l p ro tru s io n

P = p h a llu s

S = sa c c u s

ss = su b sc a p h iu m

T - tra n s ti lla

T E = te g u m e n

T R = tra n sv e rse  rid g e

U = u n c u s

V - v a lv a

V A = v a lv a  ap o d e m e

V A L = v a lv a  a p o d e m e  lobe

V E = v e s ic a

V I = v in c u lu m

Male genital structure muscles
m l =  m u sc le  m l

m2 =  m u sc le  m 2

m3 =  m u sc le  m 3

m4 =  m u sc le  m 4

m 5 =  m u sc le  m 5

m6 -  m u sc le  m 6

m 7 -  m u sc le  m 7

m lO =  m u s c le  m lO

m 2 9 =  m u sc le  m 2 9

Female genital structures
A A = a p o p h y s is  a n te r io r

A G = a c c e sso ry  g la n d

A G R = a c c e sso ry  g la n d  re s e rv o ir

A P - a p o p h y s is  p o s te r io r

A N = an tru m

B C = b u rsa  c o p u la tr ix

C D = c o m m o n  d u c t o f  a c c e s s o ry  g lan d

D B = d u c tu s  b u rsa e

D S - d u c tu s  se m in a lis

G C - g en ita l c h a m b e r

L A = lam e lla  a n te v a g in a lis

L P - lam e lla  p o s tv a g in a lis

O V = o v ip o s ito r

S8 = a b d o m in a l s te rn ite  V l l l

T 8 - a b d o m in a l te rg ite  V III
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