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Ashley Field, Daren Crayn, David Rentz and the staff of the Australian Tropical Herbarium
(James Cook University, Cairns), Christoph Neinhuis and Sarah Wagner (TUD) (Queensland,
Australia). David Lees and Geoff Martin from the Natural History Museum (London, UK), as
well as my friends Claire Monari and Jonty Forrester are thanked for the help and entertainment
graciously offered during my tight-budget stay in London. Moreover, I am really indebted to all
the people who provided material for molecular investigations.
I am thankful to the Senckenberg Gesellschaft für Naturforschung, the Muséum d’histoire na-
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Abstract

Pyraloidea is one of the largest superfamilies of Lepidoptera comprising 15 955 described species.
The monophyly of the group was suggested by the presence of a tympanal organ in the first ab-
dominal segment; it has been confirmed later by molecular data. This group is divided into
Pyralidae (5750 species in 5 subfamilies) and Crambidae (10 205 species in 14 subfamilies). The
work presented here provides new insights on the phylogeny and evolution of morphological and
ecological characters of the Crambinae and Scopariinae, as well as the first phylogenetic place-
ment, host plant record, and taxonomic work on the Heliothelinae.
Crambinae (2,047 species) and Scopariinae (577 species) were previously recovered as sister
groups in a molecular phylogenetic analysis of three and two species respectively, while Heliothe-
linae (50 species) have never been investigated in a phylogenetic framework. The morphology-
based classification divided Scopariinae into 24 genera and Crambinae into 9 tribes and 176
genera, while Heliothelinae comprised the two tribes Heliothelini and Hoploscopini. Analyses of
a six-gene dataset including 110 taxa with Maximum Likelihood and Bayesian Inference confirm
the monophyly of Crambinae as well as Scopariinae, while no support was found for the posi-
tion of Heliothelinae. Phylogenetic results demonstrate that Scopariinae were oversplit at the
generic level by traditional classification, with five genera found nested within, and consequently
synonymized with the two species-rich genera Eudonia and Scoparia. Anarpia, recovered as the
basal-most lineage of Scopariinae, occurs in the Mediterranean region, in contrast to the remain-
ing Scopariinae found in temperate regions and wet tropical montane forests. In Crambinae, our
revision of the tribal classification leads to two synonymizations, one reinstatement as well as the
description of a new tribe. Furthermore, several genera are confidently assigned to a tribe for the
first time and two are synonymized with Microcrambus. Ancestral character reconstructions for
27 morphological characters provide new apomorphies for several clades and reveal several mod-
ifications of the female oviscapt associated with the behavior of laying adhesive or non-adhesive
eggs, the latter being associated with the use of Pooidae as host plants.
Inclusion of a greater number of taxa and genes comprising all subfamilies of Crambidae sup-
ports the polyphyly of Heliothelinae. Heliothelinae s. str. are sister to Scopariinae, while
Hoploscopinae are sister to (Heliothelinae+Scopariinae)+Crambinae. Heliothelinae s. str. occur
in xerothermic habitats and larvae of Heliothela wulfeniana are recorded as miners in Violaceae.
In contrast, Hoploscopinae occur in montane rainforests of the Oriental and Austral-Asian re-
gions. Field observations on Mount Kinabalu and subsequent studies of the material collected
provided the first host plant record for Hoploscopa and highlighted a high proportion of unde-
scribed species in this genus. Following an iterative approach combining morphology and DNA
barcoding from museum specimens, twenty-six new species of Hoploscopa – among which eight
from Mount Kinabalu – are described here, and re-descriptions are provided for the 15 hitherto
described species. Genetic diversity among different islands highlighted by the species delim-
itation analysis and the estimated thirty further undescribed species from museum collections
make Hoploscopa an example of the largely unexplored pyraloid fauna in the tropics. The con-
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fined distribution and the high species diversity in Hoploscopa makes it an ideal model-group for
phylogeographical investigations.



Zusammenfassung

Mit 15.515 beschriebenen Arten sind die Zünslerfalter (Pyraloidea) eine der artenreichsten Grup-
pen der Lepidoptera. Die Monophylie der Gruppe wurde durch das Vorhandensein eines gepaarten
Tympanalorgans in den ersten zwei abdominalen Segmenten begründet und durch moleku-
largenetische Analysen bestätigt. Pyraloidea sind unterteilt in Pyralidae (5.408 Arten in fünf
Unterfamilien) und Crambidae (10.107 Arten in 14 Unterfamilien). Die hier vorgelegte Arbeit
liefert neue Kenntnisse über die Phylogenie und Evolution morphologischer und ökologischer
Merkmale der Crambinae und Scopariinae sowie zur larvalen Morphologie und Ernährungsweise,
Phylogenie und Taxonomie der Heliothelinae.
In stammesverwandtschaftlichen Untersuchungen der vergangenen Jahre stellte sich heraus, dass
die Crambinae (2.047 Arten) und die Scopariinae (577 Arten) Schwestergruppen sind. Die Helio-
thelinae hingegen waren bisher nie Gegenstand phylogenetischer Untersuchungen. Morphologisch
sind die Scopariinae in 24 Gattungen und die Crambinae in 176 Gattungen, verteilt auf neun
Triben, klassifiziert, während die Heliothelinae zwei Triben beinhalten: Heliothelini und Hoplo-
scopini. Unsere phylogenetischen Maximum Likelihood – und Bayes-Analysen, basierend auf
einem sechs Gene umfassenden Datensatz für 110 Taxa, bestätigen die Monophylie sowohl der
Crambinae als auch der Scopariinae, während die Heliothelinae nicht als Monophylum gestützt
sind. Einige Gattungen der Scopariinae wurden in der Vergangenheit in zu viele Untergruppen
aufgeteilt. So enthalten zum Beispiel die beiden artenreichen Gattungen Eudonia und Scoparia
fünf ehemalige Gattungen, die inzwischen synonymisiert wurden. Anarpia, die als Schwester zu
allen anderen Scopariinae gefunden wurde, kommt in der Mittelmeerregion vor, während alle an-
deren Scopariinae vorwiegend in gemäßigten Zonen und tropischen Bergwäldern verbreitet sind.
Die Triben-Klassifikation der Crambinae wird im Licht unserer Ergebnisse revidiert, wobei wir
zwei Triben synonymisieren, eine Tribus wieder etablieren und eine neue Tribus beschreiben.
Mehrere Crambinae-Gattungen werden zum ersten Mal einer Tribus zugewiesen. In der Analyse
27 morphologischer Merkmale fanden wir neue Synapomorphien für einige Kladen. Eine der
Schlüsselerkenntnisse ist, dass innerhalb der Crambinae die Entstehung nicht-klebender Eier mit
einigen Modifikationen des weiblichen Oviskapts sowie mit einem Wechsel der Nahrungspflanzen
hin zu Pooideae einherging.
Die phylogenetische Analyse eines größeren, zehn Gene umfassenden Datensatzes mit Vertretern
aller Crambidae-Unterfamilien zeigt auf, dass die Heliothelinae ein Polyphylum darstellen: He-
liothelini s. str. sind Schwester zu den Scopariinae, während Hoploscopini eine völlig eigene
Entwicklungslinie ist, die als eigenständige Unterfamilie angesehen werden sollte. Heliothelinae
s. str. kommen in xerothermen Zonen vor, und ihre Larven fressen an Violaceae. Hoploscopinae
hingegen sind in den tropischen Bergwäldern Südostasiens und Australasiens verbreitet. Feldar-
beit und anschließende Laboranalysen erbringen den ersten Nachweis der Nahrungspflanzen –
Farne – für die Gattung Hoploscopa und deuten auf eine große unbeschriebene Artendiversität
in dieser Gattung hin. Sechsundzwanzig Hoploscopa-Arten – davon acht vom Mount Kinabalu –
werden anschließend anhand morphologischer Befunde und dann-Barcoding als neu beschrieben.
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Weitere 15 Arten werden wiederbeschrieben. Die hohe genetische Divergenz zwischen morpholo-
gisch ähnlichen Arten auf verschiedenen Inseln sowie dreißig weitere in Museumssammlungen auf
ihre wissenschaftliche Beschreibung wartende Arten sind Anlass für zukünftige Untersuchungen.
Die Arten der Gattung Hoploscopa erweisen sich durch ihre Diversität und ihre geographisch
enge Verbreitung als eine geeignete Objekte für weitergehende phylogeographische Studien.
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Introduction

Pyraloidea, a major lineage of Lepidoptera

Pyraloidea, also commonly known as snouth-moths, represent with 15 515 described species
one of the major lineages of Lepidoptera. This number is exceeded in the Lepidoptera only by
Gelechioidea, Geometroidea and Noctuoidea (Regier et al., 2012). The presence of a tympanal
organ formed by the invagination of the ventral part of the first two abdominal segments is
the most striking apomorphy of the group (Munroe & Solis, 1998). These structures allow to
detect echo-locatiing bats (Fenton & Fullard, 1981), and serve as acoustic communication devices
(Greenfield & Weber, 2000; Nakano et al., 2008; Spangler, 1988). Tympanal organs evolved
independently in other Lepidoptera lineages (Geometridae, Noctuidae) (Minet & Surlykke, 2003).
The scaled proboscis has also been proposed as an apomorphy for the group, but is also observed
in Choreutoidea and Gelechioidea (Minet, 1991). The deltoid posture at rest and the antennae
directed backwards in many species also help to recognize this group. The wingspan of the moths
range from less than 10 mm (e.g. Microcausta spp) to 120 mm (Myelobia spp). Wing pattern and
shape provide several species a camouflage on grasses or rocks (see Scopariinae on Fig. 1), while
few species arbour an aposematic wing pattern or imitate jumping spiders (see Musotiminae and
Spilomelinae on Fig. 1) (Munroe, 1991). A representation of the diversity of forms found in the
Crambidae is given on Fig. 1.
Pyraloid moths are encountered on all continents (except Antarctic) in a variety of habitats
ranging from tropical forests to grasslands and montane habitats (Munroe & Solis, 1998). Few
species of Phycitinae are encountered in deserts (Munroe & Solis, 1998). The Acentropinae
are found in aquatic habitats where the immatures develop under water. Colonisation and
subsequent radiations on distant oceanic islands are observed in some genera (e.g., Eudonia,
Mestolobes, Udea) (Mally & Nuss, 2011; Nuss, 1999; Nuss et al., 1998; Zimmerman, 1958).

Larval host plants span from mosses (e.g., Scopariinae), lichens (e.g., some Glaphyriinae),
ferns (e.g., Musotiminae), monocotyledons (e.g., Crambinae, Midilinae and Schoenobiinae),
to dicotyledons (e.g., Spilomelinae, Pyraustinae) (Munroe & Solis, 1998). Feeding habits in-
clude leaf miners or leaf rollers as well as stem- or root borers (Munroe & Solis, 1998). Non-
phytophagous feeding habits include detritophagy (e.g., Euchromius) or coprophagy (e.g., Cryp-
toses, Parachma; Bradley, 1982; Hayden, 2012). Few cases of inquilinism are observed with ants
(e.g., Niphopyralis), bees or wasps (e.g., some Glaphyriinae), as well as sloths (e.g., Cryptoses
spp.) (Dyar, 1908a; Munroe & Solis, 1998). Several taxa are pests on crops (e.g., Chilo, Diatraea,
Eoreuma, Loxostege, Ostrinia, Rupela spp.), stored products (e.g., Ephestia kuehniella, Plodia
interpunctella), bamboo (Myelobia spp.), various fruits or vegetables (Deanolis, Leucinodes, Ne-
oleucinodes spp.) (Capinera, 2001; Khan et al., 1991; Landry et al., 2015; Mally et al., 2015;
Montilla et al., 2013; Zhang, 1994). Others are pest of ornamental ferns (Musotiminae), aquatic
plants (Acentropinae) or lawn (some Crambini).

1
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Figure 1: Moths of the Crambidae family. 1. Acentropinae (Nymphula nitidulata, c© P. Sansum). 2. Cathariinae
(Catharia pyrenaealis, c© L. Mikonranta). 3. Crambinae (Agriphila geniculea, c© F. Bauer). 4. Cybalomiinae
(Ptychopseutis sp., c© R. Kendrick). 5. Glaphyriinae (Glaphyria fulminalis, c© L. Prosperi). 6. Heliothelinae:
Heliothelini (Heliothela ophideresena, c© D. Hobern). 7. Heliothelinae: Hoploscopini (Hoploscopa sp., c© L.
Gabrielsen). 8. Lathrotelinae (Sufetula sp., c© M. Ng Fu Chuan). 9. Linostinae (Linosta centralis, c© G.
Kunz). 10. Midilinae (Midila quadrifenestra, c© B. Dupont). 11. Musotiminae (Ambia sp., c© Itchydogimages,
Flickr.com). 12. Odontiinae (Cynaeda dentalis, c© I. Ustyantsev). 13. Pyraustinae (Pyrausta aurata, c© D.
Hobern). 14. Schoenobiinae (Donacaula forficella, c© P: Kitchener). 15. Scopariinae (Scoparia ambigualis, c© P.
Boissel). 16. Spilomelinae (Nevrina procopia, c© L. Lai).



CONTENTS 3

Pest species like Chilo supressalis, Ostrinia nubilalis (Crambidae), Ephestia kuehniella, Gal-
leria mellonella, Plodia interpunctella (Pyralidae) have been repeatedly used in research on
behavior, development, ecology, genomics or population genetics (selected publications: Beck
et al., 2011; Dopman et al., 2004; Dopman et al., 2010; Ellis et al., 1997; Janzen et al., 2009;
Segar et al., 2017; Siaussat et al., 2008; Thomas et al., 2003; Vogel et al., 2011; Yamamura et al.,
2006; Yin et al., 2014)

History of the systematics of pyraloid moths

The systematic classification of Pyraloidea dates back to the origin of Linnean systematics with
the description of Pyralis by Carl Linnaeus, along with other species misplaced in Geometra and
Tinea (Linnaeus, 1758). Several groupings were proposed in the early 19th century, some of them
lasting until today (e.g., Crambinae Latreille, 1810). Systematic studies during the 19th century
were mainly based on the examination of external features such as the labial palpi, antennae,
wing pattern and venation. The second half of the 19th century saw several authors working
on pyraloid moths. Guenée (1845, 1854) and Meyrick (1878, 1884, 1885, 1890) paved the way
toward a classification of pyraloid moths. Classification and keys to family groups were proposed
by Meyrick (1890). Hampson (1896, 1897, 1898, 1899) further elaborated on this classification.
Other notable workers of this time include Ragonot (1887, 1888, 1889, 1891, 1891), Walker
(1859), Zeller (1848, 1848, 1863), followed at the beginning of the 20th century by American
entomologists Dyar (1908, 1908), Dyar & Heinrich (1927).
The beginning of the 20th century saw the first works in Lepidoptera including the use of geni-
talic characters (1909, 1914). Chapman (1912) is among the first authors to use this technique in
Pyraloidea. The widespread use of genitalia dissections in the second half of the century brought
a considerable amount of new characters providing further insights in pyraloid diversity. Major
taxonomic revisions were undertaken at this time among others by Bleszynski (e.g., 1964, 1965,
1970, 1970), Gaskin (e.g., 1972, 1975), Marion (e.g., 1952, 1954, 1954, 1955, 1955, 1957, 1959,
1959), and Munroe (e.g., 1970, 1972, 1974, 1976). The morphology of the tympanal organs was
used for the first time by Börner (1925) to highlight two distinct groups in Pyraloidea, and the
first work dedicated to the morphology of tympanal organs is that of Kennel & Eggers (1933).
Extensive investigations of the structure of the tympanic organs were performed by Minet (1982,
1985) in order to define pyraloid subfamilies. First hypotheses on phylogenetic relationships
within Pyraloidea appear in the 1970’s, following the phylogenetic concepts introduced by Hen-
nig (1950). Putative relationships are presented in numerous works, however without proper
phylogenetic analyses. For instance, Roesler (1978) suggested several characters for phylogenetic
reconstruction, and Kuznetsov and Stekolnikov (1979) presented a phylogeny based on characters
of the male genitalia. Larval morphology provided further characters to formulate hypotheses of
phylogenetic relationships in Pyraloidea (Passoa, 1985; Yoshiyasu, 1985). The first phylogenetic
analysis based on morphological characters was that of Solis and Mitter (1992). This analysis –
the first of that kind for pyraloid moths – disentangled the relationships among the five Pyral-
idae subfamilies. The phylogeny of the Crambidae published ten years later by Solis and Maes
(2002), however, encountered mitigated success in resolving relationships among the subfamilies
of this group. Further morphology-based phylogenies were published on few subfamilies, e.g., on
Crambinae (Landry, 1995) or Schoenobiinae (Mart́ınez, 2010). An overview of the treatment of
the family-groups across major works of the late 20th century is presented on figure 2.
A third major step in the history of research on Lepidopteran systematics was brought by the
development of molecular methods that enabled to test morphology-based classification with
molecular characters (Cho et al., 2011; Kawahara & Breinholt, 2014; Mutanen et al., 2010;
Regier et al., 2009, reviewed by Mitter et al., 2017). The first molecular phylogenies of Lepi-
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doptera confirmed the monophyly of Crambidae and Pyralidae and provided few insights into
their inner relationships (Cho et al., 2011; Mutanen et al., 2010; Regier et al., 2009).

Figure 2: Table summarizing the treatment of most family-group names by major systematic and phylogenetic
works on Pyraloidea published after 1970. A green arrow indicates rehabilition of a name, while a red arrow
indicates its synonymization. The green star represents a new description.

The first phylogenetic study dedicated entirely to Pyraloidea is that of Regier et al. (2012).
Their analysis of up to 19 nuclear genes is a significant milestone on the systematic of the group
and represent the latest state of knowledge. Much concordance was found with the study of Solis
& Mitter (1992) for phylogenetic relationships within Pyralidae, except for the positions of the
Phycitinae and Pyralinae which are reversed, while relationships found within Crambidae were at
odds with those presented by Solis & Maes (2002). A phylogeny based on mitochondrial genomes
and including five Crambidae and three Pyralidae subfamilies was published a year later (Ye et al.,
2013). DNA barcoding represent another major finding brought by the molecular methods. The
discovery of this 654bp-fragment of the mitochondrial COI gene to serve as standard molecular
marker for species delimitation revolutionized the field of systematics, ecology and conservation
(Hebert et al., 2003; Hebert & Gregory, 2005). DNA barcoding is highly effective in species
identification in Lepidoptera, with an estimated success rate lying over 98% (Huemer et al.,
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2014). This method allowed the discovery of overlooked species in Pyraloidea (e.g., Mally et al.,
2016; Mally et al., 2018; Yang et al., 2012). It also opened new perspectives to rapidly capture
the species diversity of poorly known regions (e.g., Lees et al., 2014; Lopez-Vaamonde et al.,
2018).

Contemporary workers of the Western hemisphere include Agassiz, Hayden, Landry, Mally,
Nuss, Solis (selected works: Agassiz, 2012; Hayden, 2011; Landry, 1995, 2003, 2016; Landry & Roque-
Albelo, 2006, 2008; Nuss, 1998, 1999; Solis & Adamski, 1998; Solis & Metz, 2011, 2016). The
recent body of literature also shows a net increase of works from authors based in Asia (Liu et al.,
2019; selected publications: Chen et al., 2006c, Chen et al., 2006b, 2006, 2002, 2007, 2010; Li
et al., 2002; Singh et al., 2019b, 2019). Global revisions are available for subfamilies Linostinae
(Munroe, 1959), Midilinae (Munroe, 1970) and Scopariinae (Nuss, 1999). Regional faunas are
available for North-America (Munroe, 1972, 1974, 1976) and the Palearctic region (Amsel et
al., 1965, Slamka, 2008), while a checklist is available for the Neotropical fauna (Munroe, 1995).
The database GlobIZ, standing for Global Information Zünslerfalter, was started in 2003 by Nuss
and colleagues with the goals of inventorying all taxonomic names of Pyraloidea and the related
bibliography, and promoting systematic work on the group (Nuss et al., 2003–2019). To date,
molecular studies focussing on relationships within subfamilies are available for Pyraustinae and
Spilomelinae (Mally et al., 2019), as well as Acentropinae (Tsai, 2013). Subfamilies recognized
by different authors are summarized on Fig. 2, and the fifteen Crambidae and five Pyralidae
subfamilies currently recognized are displayed on Fig. 3.

Figure 3: Pie chart displaying species diversity for all Pyraloidea subfamilies
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Understanding evolution patterns in Crambinae, Heliothelinae and Sco-
pariinae

The Crambinae are classified into 156 genera and 9 tribes, and the Scopariinae into 24 gen-
era (Nuss et al., 2003–2019). The phylogeny of the Crambinae inferred from 45 morphological
characters for North American genera highlighted two new tribes and confirmed two others as
monophyletic (Landry, 1995). However, this work could not provide conclusions on the status
of other tribes (e.g., the Argyriini), and other taxa, such as Diatraea or Epina, could not be
assigned to any tribe. Also, the reconstruction of the relationships within the species-rich tribe
Crambini resulted in a large polytomy (Landry, 1995). Crambinae and Scopariinae were found
to represent sister groups in the study of Regier et al. (2012). However, the three and two taxa
sampled respectively for each of the two subfamilies only represent a tiny fraction of the diversity
of these groups. The Scopariinae include two large genera, Eudonia and Scoparia, containing
87 percent of the described species with 263 and 242 species respectively. Micraglossa comes
far behind as the third most species-rich genus with 15 described species, while the remaining
21 genera include ten or less species and were mostly described to accommodate unique species
exhibiting morphological peculiarities. Possible relationships between scopariine genera were pre-
sented by Nuss (2003) – although these were not based on a formal phylogenetic analysis. The
Heliothelini, inhabiting xerothermic habitats of the Old World, and the Hoploscopini, found in
montane rain forests of South-East Asia and Australasia, have been grouped into Heliothelinae
based on the presence of an inwardly directed spine in the corpus bursae of the female genitalia
regarded as a putative synapomorphy (Nuss, 1998). Some authors included Heliothelinae into
the Scopariinae (Hannemann, 1964; Leraut, 1980; Munroe & Solis, 1998; Solis & Maes, 2002),
while others recognized them as a separate subfamily (Nuss, 1998). Species diversity is thought
to be strongly underestimated in the South-East Asian genus Hoploscopa, with sixteen species
currently described, but another 70 yet undescribed (Robinson et al., 1994).
The classification within the three subfamilies introduced above rely merely on topological con-
cepts and was never tested with molecular characters. Goal of this dissertation are as follows:

1. Test whether Crambinae, Heliothelinae and Scopariinae represent monophyletic groups, or
if one is subordinate to the others.

2. Investigate evolution of morphological and ecological patterns in these groups in the light
of the phylogenetic backbone.

3. Explore the diversity of the genus Hoploscopa by mean of morphology and DNA barcoding
to highlight potential new species.
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Islands, Ecuador, with keys to the Neotropical species of Hellula Guenée. Tijdschrift voor
Entomologie, ’s Gravenhage, 151, 193–203. doi:10.1163/22119434-900000264

Lees, D. C., Kawahara, A. Y., Rougerie, R., Ohshima, I., Kawakita, A., Bouteleux, O., . . . Lopez-
Vaamonde, C. (2014). DNA barcoding reveals a largely unknown fauna of Gracillariidae



10 BIBLIOGRAPHY

leaf-mining moths in the Neotropics. Molecular Ecology Resources, 14 (2), 286–296. doi:10.
1111/1755-0998.12178
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Lépidoptérologie, Paris, 13, 260–270.
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Marion, H. (1955a). Révision des Pyraustidae de la faune française (suite). Revue française de
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Abstract. Crambinae (2047 spp.) and Scopariinae (577 spp.) are two major groups of
pyraloidmoths with a worldwide distribution. Their larvae feed predominantly on Poales
and Bryophyta, with many cereal crop pests. We present the first molecular phylogeny of
the two groups based on five nuclear genes and one mitochondrial gene (total= 4713 bp)
sampled for 58 crambine species representing 56 genera and all tribes, 33 scopariine
species representing 12 genera, and species in several other crambid lineages. Max-
imum likelihood and Bayesian analyses of the molecular data resolve suprageneric
relationships in Crambinae and Scopariinae, whereas relationships between these and
other subfamilies remain ambiguous. Crambinae and Scopariinae are each recovered
as monophyletic groups, and Erupini, formerly regarded as an ingroup of Midilinae,
is recovered as a possible sister group of Crambinae. The tree topology suggests the
following twomajor changes within Crambinae: Prionapterygini Landry syn.n. of Ancy-
lolomiini Ragonot stat. rev. and Myelobiini Minet syn.n. of Chiloini Heinemann.
Argyriini Munroe is monophyletic after the transfer of PseudocatharyllaBleszynski and
Vaxi Bleszynski to Calamotrophini. Crambini, Diptychophorini and Haimbachiini are
monophyletic after the exclusion of AncylolomiaHübner, EuchromiusGuenée,Micrele-
phas Dognin and Miyakea Marumo from Crambini, as well as Microchilo Okano from
Diptychophorini. Euchromiini tribe n. is described for Euchromius. Microcramboides
Bleszynski syn.n. and Tortriculladia Bleszynski syn.n. are synonymized with Micro-
crambus Bleszynski. In Scopariinae, Caradjaina Leraut syn.n. and Cholius Guenée
syn.n. are synonymized with Scoparia Haworth, and, in addition, Dasyscopa Meyrick
syn.n., Dipleurinodes Leraut syn.n. and Eudipleurina Leraut syn.n. are synonymized
with Eudonia Billberg.Micraglossa melanoxantha (Turner) (Scoparia) comb.n. is pro-
posed as a new combination.We analysed 27morphological characters of wing venation,
tympanal organs, male and female genitalia, as well as host plant data and egg-laying
behaviour. The ancestral character-state reconstructions confirmed previous apomor-
phies and highlighted new apomorphies for some of the newly recovered clades. The
derived, nonadhesive egg-dropping behaviour is found to have evolved at least twice in
Crambinae and is associated with the use of Pooideae as host plants.

This published work has been registered in ZooBank, http://zoobank.org/urn:lsid:
zoobank.org:pub:1A84282D-930A-4C32-8340-D681BFF27A12.
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Introduction

With about 15 500 species, Pyraloidea is one of the most
diverse superfamilies of Lepidoptera. The Crambinae (2047
species) and the Scopariinae (577 species) together account for
about 18% of described pyraloid species (Nuss et al., 2019).
The Crambinae typically have elongated forewings that pro-
vide them with camouflage on grasses, while the Scopariinae
generally exhibit a greyish wing pattern matching that of rocks
and tree trunks where they rest during the day. The Crambinae
and Scopariinae are encountered worldwide, with the Scopari-
inae being more diverse in tropical mountain areas and islands
(Munroe & Solis, 1998). The majority of Crambinae larvae are
known to feed upon grasses (Poaceae). Many species of Chilo
Zincken, Coniesta Hampson, Diatraea Guilding and Eoreuma
Ely are recognized as economically important pests of various
crops, including maize, millet, rice, sorghum and sugarcane, and
a few species of Crambini referred to as sod webworms are
pests of lawns in North America (Hill, 1987, 2008; Khan et al.,
1991; Capinera, 2001). The majority of Scopariinae larvae, as
well as some species of the crambine genera Agriphila Hüb-
ner, Catoptria Hübner, Chrysoteuchia Hübner, Gadira Walker,
Glaucocharis Meyrick and Platytes Guenée feed on mosses
(Munroe & Solis, 1998; Goater et al., 2005; Slamka, 2008;
Glime, 2017). Other larvae have been reported to feed on Cyper-
aceae, various dicotyledons (Robinson et al., 2010), on dried
leaves (Millière, 1868), and on lichens for two species of Eudo-
nia Billberg (Nuss in Goater et al., 2005). Crambinae larvae
are either stem borers (Chiloini, Haimbachiini), root feeders or
ground-living leaf feeders (many Crambini) (Munroe & Solis,
1998). Crambinae females are reported to glue their eggs onto
their host plant in the Haimbachiini (Coniesta, Eoreuma, Xubida
Schaus), Argyria Hübner, Calamotropha Zeller, Chilo and
Myelobia Herrich-Schäffer (Peterson, 1963; Youm & Gilstrap,
1994; Legaspi et al., 1997; Landry et al., 2015), whereas most
Crambini drop nonadhesive eggs while perched or during a slow,
undulating flight (Ainslie, 1930; Peterson, 1963; Matheny &
Heinrichs, 1972; Marshal, 1988; Ponomarev, 2016).
The Crambinae were historically split into two groups, the

‘Ancylolomiidae’ and the ‘Crambidae’ (designating here all
Crambinae except Ancylolomiini) (Ragonot, 1888), a classifica-
tion followed by Forbes (1920), who recorded the two groups as
subfamilies of Pyralidae. The subsequent attempt towards a clas-
sification of the Crambinae wasmade by Bleszynski, who recog-
nized aChilo complex, includingChilo,Diatraea andMyelobia,
and an Acigona Hübner (synonym of Haimbachia Dyar) com-
plex (Bleszynski, 1966). The Crambinae were later divided into
the following tribes: Chiloini (Klots, 1970), Diptychophorini
and Crambini (Gaskin, 1972, 1975), Argyriini (Klots, 1983),
Ancylolomiini and Myelobiini (Minet, 1982). Gaskin also
used the name Calamotrophini (Gaskin, 1988) for the genus
Calamotropha but he did not describe the tribe. The first phy-
logenetic analysis of the group was based on 45 morphological
characters and highlighted two new tribes – the Haimbachiini
and the Prionapterygini – and confirmed the monophyly of the
Crambini and the Diptychophorini (Landry, 1995). Landry’s
work was mostly restricted to North American taxa and failed

to recover the relationships among the tribes or to assign some
genera to a given tribe. The Crambinae are currently classi-
fied into 176 genera (Nuss et al., 2019). The Scopariinae gen-
era were reviewed by Nuss (1999), and possible relationships
within the group were presented by the same author (Nuss,
2003), but the subfamily has never been analysed phylogenet-
ically. The current classification divides the Scopariinae into
24 genera, with Eudonia Billberg (263 species) and Scoparia
Haworth (242 species) making the bulk of their diversity (Nuss
et al., 2019). Hoploscopa Meyrick was described in Scopari-
adae (now Scopariinae) and Heliothela Guenée in Hercynidae
(now Odontiinae). The latter was placed by Amsel (1961) in
its own subfamily, the Heliothelinae, which was later supported
by Minet (1982) and Nuss (1998). The latter author considered
the spine in the corpus bursae of the female genitalia to be a
synapomorphy of the group, in which he also placed Hoplo-
scopa. Other authors either treated theHeliothelinae as subgroup
of the Scopariinae (Hannemann, 1964; Leraut, 1980; Robinson
et al., 1994), or synonymized it with the Scopariinae (Munroe
& Solis, 1998). The Erupini constitute another tribe whose
phylogenetic relationships to other Crambidae lineages are not
clear. ErupaWalker was placed in the Schoenobiinae (Bleszyn-
ski, 1966), then moved to the Crambinae (Lewvanich, 1981).
Munroe (1995) introduced the tribe Erupini to accommodate
Erupa, Lancia Walker, Neerupa Hampson and Schoenerupa
Hampson, and placed the tribe in the Crambinae. Most recently,
Hayden (2012) transferred the Erupini to the Midilinae.
The wing venation provides characters that have been used

widely (Ragonot, 1888; Forbes, 1920; Dyar & Heinrich, 1927;
Shibuya, 1928; Okano, 1962; Bleszynski, 1964, 1966, 1970a;
Klots, 1970; Landry, 1995) to define and segregate groupswithin
the Crambinae: forewing vein RS4 is either ‘free’, i.e. connected
to the end of the cell, or stalkedwith RS2 +RS3; the hindwing cell
is either ‘open’ or ‘closed’ by a cross-vein; the base of hindwing
M1 is either adjacent or fused to Sc+R, or it originates near
the middle of the cell. The variation in male genitalia structures,
such as the pseudosaccus, the gnathos tip, the coecum penis, and
the papillae anales in female genitalia, were recognized as key
to understanding the phylogeny of the Crambinae (Okano, 1962;
Bleszynski, 1966, 1970a; Klots, 1970; Landry, 1995), but the
lack of well-resolved phylogenies impeded investigations of the
evolution of these structures.
Regier et al. (2012) found the Crambinae and the Scopariinae

to be sister groups in the first molecular phylogeny of the
Pyraloidea. However, their study did not include Erupini and
Heliothelinae, while Crambinae and Scopariinae were only
represented by three and two species respectively, raising the
question of whether both groups would remain monophyletic
when analysing a more diverse taxon sampling. We present
here the first molecular phylogenetic analysis based on five
nuclear markers and onemitochondrial marker, including a large
sampling of Crambinae and Scopariinae, along with Erupini
and Heliothelinae, in order to: (i) decipher the evolutionary
relationships within these groups and, accordingly, to revise
the classification; (ii) infer the evolution of morphological
characters and identify potential apomorphies; (iii) understand

© 2019 The Royal Entomological Society, Systematic Entomology, doi: 10.1111/syen.12353
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the evolution of nonadhesive egg-laying behaviour and host
plant use.

Material and methods

Taxon sampling

Samples were collected by light-trapping or during the
daytime with a net and preserved either in a dried condition
or in alcohol (see Table S1 for all relevant information). A
number of specimens were obtained from colleagues (see
Acknowledgements). Specimens were identified based on wing
pattern and genitalia, and identifications were cross-checked
by blasting the COI barcode sequence against the ‘All Barcode
Records’ of the ‘Current Database’ on the Identification Engine
in BOLD (http://boldsystems.org/; Ratnasingham & Hebert,
2007). Fifty-eight species representing 56 of the 176 genera and
all tribes of Crambinae, as well as 33 species representing 12 of
the 24 genera of Scopariinae were selected. Additionally, Erupa
sp. (Erupini), Heliothela wulfeniana (Scopoli) (Heliothelinae)
and Hoploscopa sp. (Hoploscopini) were included. Published
DNA sequences for 13 additional taxa were also included
(Mutanen et al., 2010; Kawahara & Breinholt, 2014), including
all subfamilies of the Crambidae except for the Cybalomiinae,
the Lathrotelinae and the Linostinae. Correct identifications of
specimens was proofed on BOLD for all samples except for
MM07046 [Hellula undalis (Fabricius)] for which no COI bar-
code sequence was available. Patania ruralis (Scopoli), Syllepis
cf. marialis (Spilomelinae) and Anania hortulata (Linnaeus)
(Pyraustinae) were chosen as outgroups because the clade
including the Pyraustinae and the Spilomelinae was highlighted
as a sister group to all other Crambidae subfamilies (Regier
et al., 2012).

Molecular work

Dried specimens collected less than 2 years prior to DNA
extraction were considered for PCR. DNA was extracted from
abdomens following a nondestructive method (Knölke et al.,
2004) with the NucleoSpin Tissue kit (Macherey-Nagel, Ger-
many) according to the manufacturer’s protocol. Abdomens
from alcohol-preserved specimens were dried 24 h before
extraction to remove ethanol. Standard primers from Wahlberg
& Wheat (2008) in combination with universal T3 and T7
tails were used to amplify six genes – carbamoyl-phosphate
synthetase 2, aspartate transcarbamylase, and dihy-
droorotase (CAD), cytochrome oxydase subunit I (COI),
glyceraldehyde-3-phosphate dehydrogenase (GAPDH),
isocitrate dehydrogenase (IDH), cytosolic malate dehydro-
genase (MDH) and ribosomal protein S5 (rps5) – giving a
4710 bp dataset in total (see Table S1 for respective gene
length). Nested primers were designed from gene align-
ments by eye and with genefisher2 (Giegerich et al., 1996;
bibiserv.cebitec.uni-bielefeld.de/genefisher2/) and were subse-
quently checked for melting temperature, 3′ complementarity,

self-annealing and potential hairpin formation on the online
platform of oligocalc (www.basic.northwestern.edu/biotools/
OligoCalc.html) (Table S2). BIO-X-ACT Short DNA Poly-
merase (Bioline, U.K.) was used following the PCR protocol of
Wahlberg &Wheat (2008) with minor optimizations (Table S3).
Hi-Spec Additive (Bioline) was added to samples with lower
yields. PCR programmes from Wahlberg & Wheat (2008)
with the annealing temperature optimized for each primer
set or the TouchDown PCR programme (Regier, 2007) were
used (Table S4). Amplification success was checked by elec-
trophoresis on 1% or 2% agarose gels subsequently stained
with ethidium bromide and visualized under UV light. For PCR
products with weak or multiple bands, bands of interest were
excised from the gel and DNA was extracted using the PCR
clean-up gel extraction kit fromMacherey-Nagel. Alternatively,
the ‘gel-picking’ method was used (Decker, 2003): the band of
interest was briefly touched with a sterilized toothpick, which
was used to inoculate a new PCR and reamplified. PCR products
were cleaned by adding 0.3 μL ExoSAP-IT (Affymetrix, Cleve-
land, Ohio, U.S.A.) and 1 μL H2O to 10 μL of PCR product, and
we then followed the manufacturer’s protocol. Cleaned PCR
products were sequenced forward by Macrogen (South Korea)
or alternatively at the SMTD on a 3730 DNAAnalyzer (Applied
Biosystems, U.S.A.) using the T7 sequencing primer or PCR
primers. Reverse sequencing with the T3 sequencing primer or
PCR primers was performed for poor-quality samples.

DNA sequences processing

Sequences were aligned by eye and trimmed to first codon
position on phyde 0.9971 (Müller et al., 2005). Single-gene
datasets were concatenated with help of a bash script. Gene
sequences of conspecific samples sharing identical COI bar-
code were concatenated for the following species: Chilo quir-
imbellus Bleszynski (LEP1576 and LEP1577), Eudonia mer-
curella (Linnaeus) (LEP109 and LEP2677), Heliothela wulfe-
niana (LEP550 and LEP837), Pseudocatharylla argenticilia
(Hampson) (LEP1905 and LEP1906) and Urola nivalis (Drury)
(LEP2671 and LEP2672). Illumina transcriptome reads of
Myelobia smerintha (Hübner) from Kawahara & Breinholt
(2014) were retrieved from the Dryad depository and searched
for the genes of interest with reciprocal blast using gene
sequences of C. quirimbellus and Diatraea saccharalis (Fabri-
cius), with subsequent identification of orthologues done under
raxml. The six gene sequences were concatenated into a
4710 bp dataset with 17.8% of missing data. The alignment
of the DNA sequences was straightforward with no insertion
or deletion detected, with the exception of the CAD gene of
Thaumatopsis pexella (Zeller) (Crambinae) being one codon
longer. Sequencing success and GenBank reference numbers
are reported in Table S1. Codon saturation for each third codon
position was visualized by plotting the substitution rate between
each pair of taxa on the branch length separating them (Klopf-
stein et al., 2013). The best-scoring raxml tree calculated from
the standard concatenated dataset was used in order to compare

© 2019 The Royal Entomological Society, Systematic Entomology, doi: 10.1111/syen.12353
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substitution rates for each gene and codon position with a ref-
erence branch length. Substitution rate plots revealed saturation
of the COI third position at deep relationships of the phyloge-
netic tree (Fig. S1). Two datasets were thus analysed, the whole
dataset (conc6genes) and one with the COI third codon position
deleted (conc6genes_COI1+ 2). Unless otherwise mentioned,
the conc6genes is implicitly considered.

Partitioning

The best partition scheme was searched for on the dataset
prepartitioned per gene and codon position (total= 18 subsets)
using partitionfinder (Lanfear et al., 2017). Greedy algo-
rithms (Lanfear et al., 2012) for the models GTR, GTR+G
and GTR+I+G with the corrected Akaike information criterion
model selection approach were used. The best partition scheme
that was found contained 16 character sets, with the first codon
position of CAD and IDH merged into one character set and the
second codon position of GAPDH and rps5 merged into another
character set.

Phylogenetic analyses

Maximum likelihood (ML) analyses were performed using
raxml (Stamatakis, 2006) with the GTR+G evolution model.
Branch support was assessed by performing 1000 boot-
strap replicates using the GTRCAT approximation. The
best-partitioning scheme found with partitionfinder was
used. Bayesian inference (BI) analyses were performed with
mrbayes (Huelsenbeck & Ronquist, 2001), with the dataset
partitioned following the best partitionfinder model and
nst= 6, rates= gamma, revmatpr= dirichlet (1,2,1,1,2,1) (prior
assumption of twice as many transitions as transversions),
ratepr= variable, brlenspr= unconstrained: exponential (1.0)
applied. While the parameters revmat, tratio, statefreq, shape,
pinvar were set unlinked, other parameters were left unchanged.
Two independent runs were done on 100 mio generations,
each with three heated and one cold chain. Good mixing of
the Markov chains Monte Carlo (MCMC) was estimated by
visualizing the effective sample size (ESS) for all parameters
on tracer (Rambaut et al., 2018), with ESS> 200 indi-
cating sufficient sampling. Posterior trees produced before
reaching the log-likelihood plateau were discarded from the
sampling. The consensus tree was generated with treean-
notator from the beast package (Bouckaert et al., 2014).
The ML and BI analyses were run on the CIPRES portal
(Miller et al., 2010).

Identification of rogue taxa

Taxa flagged as ‘rogues’ appear at different and often con-
tradictory positions in phylogenetic trees, thereby affecting
the stability of a topology (Wilkinson, 1994; Aberer et al.,
2013). roguenarok (Aberer et al., 2013) was used to identify

rogue taxa from the complete taxon sample with the follow-
ing options: majority-rule search, support optimized, maximum
dropset size= 2, algorithm= roguenarok. The roguenarok
analysis returnedHellula undalis (Glaphyriinae) andMicrochilo
cf. elgrecoi (Crambinae) as the two most unstable taxa among
the bootstrapped trees (respective scores, 1.15556 and 1.18611)
and were removed from the final taxon sampling. Six further
Eudonia species, three Scoparia, one Caradjaina Leraut and
two species of Microcrambus Bleszynski, as well as Micro-
cramboides meretricellus Bleszynski and Tortriculladia cf. pen-
taspila recovered withinMicrocrambus, were removed from the
final taxon sampling to limit the sampling to one or few repre-
sentatives per genus.

Character evolution

Dissection and slide-mounting methods follow Landry
(1995). Ratios of structures were measured with an eyepiece
micrometer. Male and female specimens used for morpholog-
ical investigations were associated based on wing pattern and
COI barcode sequence. Twenty-seven characters analysed by
Landry (1995) and Nuss (2003) were investigated. These com-
prise the wing venation, tympanal organs, and male and female
genitalia. Additional information on characters was retrieved
from the following papers: Bleszynski (1963, 1965, 1966),
Clarke (1965), Gaskin (1975), Landry (1995) and Song et al.
(2009). Wing venation nomenclature follows Wootton (1979).
The characters were coded in a morphomatrix using mesquite
(Maddison & Maddison, 2017) (Table S5) and illustrated using
Adobe illustrator cs6 (Fig. 1).
Ancestral character states were estimatedwith the ace function

of the r package ape (Paradis et al., 2004) using ML (Pagel,
1994) for discrete characters, and with the fastAnc function of
the phytools package in r (Revell, 2012) using ML and tree
rerouting (Felsenstein, 1985) for continuous characters (scripts
available as Files S1 and S2, respectively). These packages
were used in previous publications for reconstructing character
evolution in plants (Soltis et al., 2013; Landis et al., 2018;
Spriggs et al., 2018) and animals (Tingle et al., 2017; Irisarri
et al., 2018). Minor modifications of the source code of the
‘ace’ function as suggested by Emmanuel Paradis (personal
communication) were done to take uncertain character states
(coded ‘?’) into account (File S3). The best raxml tree of the
molecular data was used as input file. The ‘ER’ (equal rates)
model was chosen for the ‘ace’ analyses. Ancestral continuous
character states were mapped using the ‘contMap’ function of
the phytools package. The phylogenetic signal for continuous
traits was estimated with the phytools function ‘phylosig’
(Revell, 2012) using Pagel’s 𝜆 (Pagel, 1999) and Blomberg’s K
(Blomberg et al., 2003) methods.
Records of egg adhesiveness and larval life habits were

retrieved from the literature and the Lepiforum website (www
.lepiforum.de), and host plant records were retrieved from
the literature and the HOST database (Robinson et al., 2010)
(Table S7). Information associated with congeneric species was
used for species for which character traits were missing in order
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to incorporate the maximum amount of information for these
traits. Due to the scarcity of the information record, these traits
were not formally analysed like morphological characters.

Results

Phylogenetic relationships

The ML and BI analyses of conc6genes and conc6genes_
COI1+2 delivered similar topologies except for the placement
of Donacoscaptes Zeller, Eudonia truncicolella (Stainton)
and Heliothela, but none of these conflicting placements were
supported by either of the analyses (BS< 70). The ‘CAMMSS
clade’, including the Acentropinae, Crambinae, Midilinae,
Musotiminae, Schoenobiinae and Scopariinae, was recovered
as monophyletic, with Erupini, Heliothelini and Hoploscopini
also included [bootstrap support (BS)= 92, posterior prob-
ability (PP)= 1; Fig. 2]. Heliothelinae was not supported as
monophyletic. Heliothela was sister to the Crambinae and
Scopariinae in the ML analysis of conc6genes, whereas it is
recovered as the most basal lineage of the CAMMSS clade in
the BI of conc6genes as well as in the ML and BI analyses of
conc6genes_COI1+2. However, none of the analyses provided
good support for these placements.Hoploscopawas sister to the
Musotiminae in all analyses, but only the BI analyses provided
good support for this topology (PP= 0.98 in analyses of both

datasets). The sister-group relationship between Scopariinae
and Crambinae+ Erupa was not supported in the ML analyses,
but was weakly and strongly supported in the BI of conc6genes
(PP= 0.96) and conc6genes_COI1+2 (PP= 1.00; Fig. S3).
The Scopariinae (Heliothelinae excluded, following Nuss,

1998) were found to be monophyletic (BS= 100, PP= 1.00).
AnarpiaChapmanwas found sister to all remaining Scopariinae,
which form four major well-supported clades: (i) Helenosco-
pariaNuss,GesneriaHübner, CosiparaMunroe and an uniden-
tified Scopariinae; (ii) Micraglossa Warren; (iii) Scoparia,
including Caradjaina Leraut syn.n., Cholius Guenée syn.n.;
and (iv) Eudonia, including Dasyscopa Meyrick syn.n. and
Dipleurinodes Leraut syn.n. Relationships among Antiscopa
Munroe, Micraglossa and Eudonia + Scoparia are ambigu-
ous. Weak evidence was found for Micraglossa as sister to
Eudonia + Scoparia in the analyses of the conc6genes dataset
(BS< 70, PP= 0.93), but analyses of conc6genes_COI1+2 pro-
vided better support for this topology (BS= 75, PP= 0.98). The
two species-rich genera Eudonia and Scoparia are recovered as
sister groups.
The Erupini, represented here only by Erupa, are sister to

the Crambinae, a position not supported in the ML analysis
but well supported in the Bayesian analysis (PP= 0.99). The
Crambinae were recovered as monophyletic with strong sup-
port in all analyses (Fig. 2). The Diptychophorini were recov-
ered as monophyletic, withDiptychophora Zeller,Glaucocharis
and Microcausta Hampson sister to Gargela Walker, a genus

Wing venation

Char. 6. Hindwing M2 - M3 - CuA1 - CuA2: 

Missing one (state 1)All present (state 0)

Char. 5. Hindwing cell: 

OpenClosed

Char. 4. Hindwing M1- Sc+R connection: 

Near middle of cell (state 1) Close to Sc+R (state 0) Not produced (state 0) Produced (state 1)

Char. 3. Forewing distal margin: 

Char. 2. Forewing RS4 vein: 

Stalked with RS2 + RS3Free

RS1

Two veins missing (state 2) One vein missing (state 1) Four veins (state 0) 

Char. 1. Forewing RS veins: 

RS2 RS3

RS4

RS1 RS2

RS3
RS1 RS2

RS2 RS3

RS4

RS2 RS3

RS4

M2

M3

CuA1
CuA2

M2

M3

CuA1

Fig. 1. List of the 27 morphological characters studied. State polarization reflects what is thought to be the derived state.
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Char 7. Tympanic pockets
Char. 8. Venulae secundae

Venulae secundae:
not marked (state 0)

marked (state 1)

Tympanic pockets:
absent (state 0)
present (state 1)

Male genitaliaTympanal organs

Char 13. Pseudosaccus:

Present
(state 1)

Absent
(state 0)

Char 12. Valva ventral process:

Present
(state 1)

Absent
(state 0)

Pointed upward
(state 0)

Char 11. Gnathos tip:

Pointed downward
or posteriorly (state 1)

Forming a ring without
posterior projection (state 1)

Elongated into posterior
projection (state 0)

Char 10. Gnathos arms:

Laterally compressed (state 1)
Dorso-ventrally

Char 9. Uncus:

flattened (state 0)

Fig. 1. Continued.

formerly unplaced to tribe (Song et al., 2009). The Dipty-
chophorini are sister to all remaining Crambinae, which form
a well-supported monophyletic group, here referred to as the
‘narrow winged clade’.Microchilo Okano, so far placed in Dip-
tychophorini, has been recovered in our analyses within the ‘nar-
rowwinged clade’ (Fig. S2). There is a basal dichotomy between
the Ancylolomiini+Chiloini and all remaining narrow-winged
crambines, but the sister-group relationship between the Ancy-
lolomiini and the Chiloini was only supported by the BI anal-
ysis (PP= 0.99). In the Ancylolomiini stat. rev., Ancylolomia
Hübner is nested within the Prionapterygini syn.n. (Mesolia
Ragonot, Prionapteryx Stephens, Pseudoschoenobius Fernald),
and Prionotalis Hampson is consistently found as sister group
to the rest of the Ancylolomiini in all topologies, with mod-
erate (PP= 0.97) and strong support (PP= 0.99) in the BI of
conc6genes and conc6genes_COI1+2 respectively. TheChiloini
were well supported in all analyses (BS= 99, PP= 1.00). The
New Zealand Gadira and the Australian HednotaMeyrick form
a monophyletic clade sister to Chilo + Diatraea + Myelobia.
The East-Palearctic Miyakea Marumo, formerly placed in the
Crambini (Nuss et al., 2019), and the Hawaian Orthomecyna
Butler form a well-supported monophyletic group (BS= 96,
PP= 1.00) sister to the ‘open cell clade’. The latter clade,
including the Argyriini, Calamotrophini stat. rev., Crambini,
Euchromiini tribe n., Haimbachiini, as well asCatharyllaZeller

andMicrelephas Dognin was consistently recovered in all anal-
yses (BS= 98, PP= 1.00). Argyria, Catharylla, Urola Wakler
(part of the Argyriini) andMicrelephas – formerly placed in the
Crambini (Landry, 2003) – formwith theHaimbachiini amono-
phyletic clade (BS= 81, PP= 1.00), sister to the ‘RS4 stalked
clade’. The Argyriini sensu Munroe (1995), defined on the basis
of the snow-white colour of the wings, are polyphyletic with
Argyria andUrola, as well asCatharylla, belonging to one clade
along withMicrelephas and the Haimbachiini, whereas Pseudo-
catharylla Bleszynski and Vaxi Bleszynski belong to the Calam-
otrophini. The Haimbachiini were recovered as monophyletic
with strong support in all analyses (BS= 100, PP= 1.00).
The ‘RS4 stalked clade’ includes the Calamotrophini, Cram-
bini and Euchromiini (BS= 98, PP= 1.00), with the clade
including Euchromius and the Calamotrophini found sister
to the Crambini. Euchromius, formerly placed in the Cram-
bini (Landry, 1995), is sister to the Calamotrophini, which
includes Calamotropha, Pseudocatharylla and Vaxi (BS= 98,
PP= 1.00). The Crambini (Ancylolomia, Euchromius, Micrele-
phas and Miyakea excluded) are monophyletic (BS= 100,
PP= 1.00), with Platytes recovered as the most early diverg-
ing lineage. Agriphila and Catoptria form a sister clade to
the remaining Crambini. Two major groups are observed
in the remaining Crambini, the Crambus group (BS= 100,
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Male genitalia

Female genitalia

Elongated (state 0) Triangular (state 1)

Char. 19. Papillae anales shape in lateral view: 

Char. 18. Dorsal connection of papillae anales: 

Sclerotized (state 0)

Membranous (state 1)

Char. 17. Cornuti: 

Present (state 0) Absent (state 1)

Char. 16. Opening of the
ductus ejaculatorius:

At anterior end of phallus (state 1)

Not bifid (state 0) Bifid (state 1) Near middle of phallus (state 0)
Attached medially
to juxta (state 1)

Attached to juxta
at apex (state 0)

Phallus Phallus

Juxta
Juxta

Char. 15. Attachment of phallus: Char. 14. Juxta:

Fig. 1. Continued.

PP= 1.00) and the Pediasia group (BS= 75, PP= 1.00). Rela-
tionships within the Crambus group are well resolved, while
basal relationships among the genera of the Pediasia group
remain ambiguous. In the Crambus group, Microcramboides
syn.n. and Tortriculladia syn.n. fall within Microcrambus
(Fig. S2).

Evolution of morphological traits

Wing venation. Wing venation provides several characters
varying in Crambinae, whereas no variation is observed in Sco-
pariinae. Reduction in the number of veins in the forewing,
with loss of the RS4 vein, and in the hindwing, with loss
of one of the M2–M3 vein, is observed in 12 genera, five
of them showing reductions in both the forewing and hind-
wing. Six of these genera belong to Crambini alone: Culladia
Moore (one forewing R vein missing), FernandocrambusAuriv-
illius, Neoculladia Bleszynski, Novocrambus Amsel, Platytes
(one forewing R vein, one hindwing M vein missing), and
Raphiptera Hampson (forewing CuA2, two forewing R veins,
and one hindwing M vein missing (Landry, 1995)). Species of
Euchromius and Microcrambus are also reported missing one
vein (Landry, 1995). Vein loss is found in several very small
moths (< 7 mm in Microcausta, Neoculladia, Novocrambus

and Raphiptera) and is associated with the narrowing of the
wings or the reduction in size of the moths (Landry, 1995;
Polilov, 2015).
The forewing RS4 vein is connected to the cell in all

Euchromius species (R. Schouten, personal communication),
Platytes ornatellus Leech, and P. vobisne Dyar, but missing in
P. alpinella Hübner (Landry, 1995; Kirpichnikova, 1999), and
stalked with RS2 +RS3 in the Calamotrophini and in all Cram-
bini sampled. Forewing vein RS4 stalked to RS2 +RS3 (Fig. 1,
character 2) is reconstructed as the most probable ancestral
state in the Calamotrophini (P = 0.9; Table S6) and for the node
including all Crambini sister toPlatytes (P = 0.992), whereas no
support for the RS4 vein stalked as the ancestral state of the RS4

clade was found (P = 0.526). The hindwing M1 stem well sepa-
rated from the Sc+R vein (character 4; Fig. 1) is reconstructed
as the most probable ancestral state of the Crambinae (P = 0.87;
Fig. 3) and constitutes a new apomorphy for the subfamily. The
M1 stem is closer to the Sc+R vein in the clade includingChilo,
Diatraea and Myelobia and in the ‘open cell clade’. In the lat-
ter, the hindwing cell is of the ‘open’ type, i.e. without a vein
connecting the base of M1 and M2 (Fig. 1, character 5). The
ancestral character reconstruction supports one origin of this
trait in the open cell clade (Fig. 3), with the closed cell inCalam-
otropha, and the open cell in Glaucocharis (Diptychophorini)
representing homoplasies.
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Female genitalia

Smooth (state 0) With tiny spines (state 0)

Char. 22. Intersegmental membrane VIII-IX ultrastructure: 

Char. 21. Setation on segment VIII:

Variable in position 
or absent (state 0)

Concentrated dorsally (state 1)

Char. 20. Posterior apophyses:

Not basally enlarged (state 0) Basally enlarged (state 1)

Char. 23. Colliculum: 

Long, slender (state 1)

Short or absent (state 0)

Looped (state 1)Straight (state 0)

Char. 24. Ductus bursae:

Fig. 1. Contined.

Tympanal organs. Two characters of the tympanal organs
were investigated. Presence and absence of tympanic pockets
(Fig. 1, character 7) are homoplastic. In the Crambidae, they
are observed in the two Spilomelinae included here and in the
Crambinae. Within the Crambinae, they are absent in Dipty-
chophorini (but present in Microcausta), Myelobia + Diatraea,
Orthomecyna, Haimbachiini and Neoculladia + Novocrambus.
The ancestral character-state reconstruction revealed the pres-
ence of tympanic pockets as the ancestral state for the ‘narrow
winged clade’ (P = 0.99). Strongly sclerotized venulae secun-
dae (Fig. 1, character 8) are observed in Helenoscoparia
(Scopariinae), and in Chiloini, Haimbachiini, Calamotropha
and some Crambini (Crambinae). They are also found in
Acentria Stephens (Acentropinae), Erupa, Evergestis Hübner
(Glaphyriinae), Patania Moore (Spilomelinae) and Schoeno-
bius Duponchel (Schoenobiinae), and are thus strongly
homoplastic.

Male genitalia. The tip of the gnathos in lateral view is either
directed upwards, or posterad to downwards. In Scopariinae,
it is directed downwards (Fig. 1, character 11), which repre-
sents the most probable ancestral state for the group (P = 0.85),
but it is directed upwards in Antiscopa, Helenoscoparia, and
upwards or posterad in Eudonia. A gnathos tip directed down-
wards or posterad is observed in Calamotropha, Euchromius,

Micrelephas, Ancylolomia, Prionotalis, and in all Crambini
where it is reconstructed as the most probable ancestral state
(P = 0.89). The gnathos of Mesolia, Prionapteryx and Pseu-
doschoenobius is reduced to a ring without posterior exten-
sion. The pseudosaccus, a small sclerite nested between the
antero-ventral angle of valvae and vinculum (Fig. 1, character
13), is observed in the Ancylolomiini+Chiloini clade and ‘RS4

stalked clade’. The pseudosaccus was either gained once in the
ancestor of the ‘narrow-winged clade’ with secondary losses in
the clade including the Argyriini, Catharylla, Micrelephas and
the Haimbachiini, as well as in Miyakea + Orthomecyna, or it
is homoplasic, with two independent origins in the ancestors of
the Ancylolomiini+Chiloini clade and the ‘RS4 stalked clade’.
The phallus is attached medially via the diaphragma to the juxta
in all Crambinae (Ancylolomia andMicrochilo excepted) and in
Musotima Meyrick (Musotiminae) (Fig. 1, character 15), while
it is attached apically in all Scopariinae and in other Cram-
bidae subfamilies investigated here. The medial attachment of
the phallus represents an apomorphy for the Crambinae, corrob-
orating the findings of Landry (1995). The opening of the duc-
tus ejaculatorius (Fig. 1, character 16) is situated in the anterior
part of the phallus in all Ancylolomiini as well as in Myelo-
bia+Diatraea, suggesting that this configuration evolved twice
independently in Crambinae. A bifid juxta (Fig. 1, character 14)
was observed in all Chiloini and was recovered as the most
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Female genitalia
Char. 25. Signa on corpus bursae:

Absent (state 0) One (state 1) Two (state 2)

Char. 26. Corpus bursae wall structure: 

With one half spinuloseWithout one half spinulose

Char. 27. Appendix bursae: 

Present (1)

Absent (0)

Fig. 1. Contined. [Colour figure can be viewed at wileyonlinelibrary.com].

probable ancestral state of the clade, but convergent, nonho-
mologous structures were observed in Diptychophora, Gargela,
Micrelephas and Vaxi.

Female genitalia. An appendix bursae (Fig. 1, character 27)
is present in Eudonia + Scoparia, with one secondary loss
in Scoparia luteolaris comb.n. An appendix bursae was also
observed in outgroupsAnaniaHübner (Pyraustinae) and Syllepis
Poey (Spilomelinae). A gain of this feature in the ancestor of
Eudonia + Scoparia was supported and represents a synapo-
morphy for this clade.
The presence of a signum (or signa) in the corpus bursae

(Fig. 1, character 25) was reconstructed as the ancestral state
in the Crambinae, with the absence of signum recovered as
the most probable ancestral state of the ‘narrow-winged clade’
(P = 0.99). In the Crambini, Platytes species bear one or two
signa, while only one signum is present in all Agriphila and
Catoptria species. The presence of two signa was recovered as
the most probable ancestral state of the Crambus group (Fig. 3)
with moderate support (P = 0.83), with secondary losses of
one signum in Conocramboides Bleszynski and both signa in
Microcrambus. Few species of Chrysoteuchia and Orocrambus
Purdie only have one signum. No signum is observed in

the Pediasia group, with the exception of few species of
Chrysocrambus Bleszynski and Parapediasia Bleszynski with
one or two signa.
The female oviscapt is made of evertible segments VIII and

IX+X and intersegmental membranes VII–VIII and VIII–IX.
Segments IX+X are modified into papillae anales that some-
times help to fix the eggs to the substrate (Kristensen, 2004).
A membranous dorsal connection of the papillae anales (Fig. 1,
character 18) was observed in six different taxa (Ancylolo-
mia, Diptychophora, Euchromius, Gadira, Miyakea and all
Crambini), and represents the most probable ancestral state
of Crambini (P = 0.94). The anterior and posterior apophyses
are attachments for muscles responsible for the retraction of
the eighth and ninth segments after oviposition (Kuznetsov &
Stekolnikov, 2001; Kristensen, 2004). While the pattern of dis-
tribution of the posterior apophyses lengths did not show any
phylogenetic signal [null hypothesis stating no correlation not
significantly rejected under the 𝜆 method (P = 0.063) or the
K method (P = 0.238)], phylogenetic signal was found for the
lengths of the anterior apophyses [null hypothesis significantly
rejected with the 𝜆 method (P = 5.18× 10−9) and the K method
(P = 0.049)], indicating a tendency to anterior apophyses reduc-
tion in the ‘open cell clade’ (Fig. 4).
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0.2

Scoparia sp. (Caradjaina)

Crambus uliginosellus

Eudonia submarginalis

Haimbachia quiriguella

Eudonia lacustrata

Scoparia basistrigalis

Anania hortulata

Miyakea raddeellus

Eudonia mercurella

Helenoscoparia scintillulalis

Fissicrambus profanellus

Hednota bifractellus

Agriphila inquinatella

Eudonia sp. (Dipleurinodes)

Scopariinae Peru

Chrysoteuchia culmella

Microcrambon paphiellus

Ancylolomia inornata

Thaumatopsis pexella

Anarpia incertalis

Euchromius vinculellus

Argyria sp.

Xanthocrambus caducellus

Culladia achroellum

Catharylla serrabonita
Micrelephas pictellus

Schoenobius gigantellus

Eoreuma densella

Urola nivalis

Vaxi critica

Chrysocrambus linetella

Diatraea saccharalis

Gesneria centuriella

Microcrambus elegans

Metacrambus carectellus

Evergestis forficalis

Prionotalis cf leptodeta

Heliothela wulfeniana

Eudonia truncicolella

Platytes alpinella
Calamotropha paludella

Hoploscopa sp.

Glaucocharis chrysochyta

Neoculladia incanelloides

Diptychophora harlequinalis

Catoptria conchella

Pediasia contaminella

Prionapteryx cf achatina

Parapediasia tenuistrigata

Noorda blitealis

Elophila nymphaeata

Scoparia manifestella

Antiscopa epicomia

Erupa sp.

Myelobia smerintha

Eudonia sp. Kinabalu

Musotima nitidalis

Pseudoschoenobius opalescalis

Mesolia incertella

Friedlanderia cicatricella

Orocrambus flexuosellus

Eudonia homogenes (Dasyscopa)

Angustalius malacellus

Gargela renatusalis

Novocrambus propygmaeus

Conocramboides seychellelus

Scoparia luteolaris (Cholius)

Neodactria luteolella

Eudonia sp. Peru

Midila daphne

Scoparia ololuae

Coniesta williami

Microcausta sp.

Acentria ephemerella

Chilo quirimbellus

Cynaeda dentalis

Micraglossa sp. ANIC13

Scoparia autumna

Fernandocrambus sp.

Raphiptera argillaceella

Donacoscaptes chabilalis

Syllepis cf marialis

Pseudocatharylla argenticilia

Cosipara sp.

Xubida linearella

Micraglossa melanoxantha

Orthomecyna sp.

Patania ruralis

Micraglossa cf straminealis

Gadira acerella

BS > 95%  /  PP > 0.98
90% < BS < 95%  /  0.95 < PP < 0.98
70% < BS < 90%  /  0.90 < PP < 0.95
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Fig. 2. Best-scoring maximum likelihood (ML) tree of the conc6genes dataset with best partitionfinder model applied. Filled circles above the
nodes represent bootstrap support (BS) values from 1000 replicates, and filled circles below the nodes represent the posterior probability (PP) of the
Bayesian analysis of the same dataset. Highlighted groups reflect the new classification adopted here. Species pictures (with photographers in brackets)
from top to bottom are as follows: Hoploscopa sp. (T. Léger), Heliothela ophideresana (D. Hobern), Micraglossa aureata (jpmoth.org), Scoparia
exhibitalis (D. Hobern), Eudonia mercurella (R. Coleman), Erupa sp. (T. Léger), Glaucocharis sp. (L. Shih), Prionapteryx nebulifera (L. Prosperi),
Diatraea saccharalis (R. Gomes da Costa), Argyria centrifugens (Ian Morton), Haimbachia squamulella (P. Coin), Euchromius ocelleus (L. Hoy),
Calamotropha paludella (D. Hobern), Crambus lathoniellus (F. Bauer), Pediasia contaminella (D. Hobern).

Discussion

Phylogenetic relationships

Our six-gene dataset recovered the monophyly of the Crambi-
nae and the Scopariinae with strong support, with 60% of their
inner relationships recovered with strong support (BS> 90%)
and 19% with moderate support (70%<BS< 90%), while sup-
port for relationships among different subfamilies remained
weak. Erupa, Heliothela and Hoploscopa were included for the
first time in a molecular phylogeny. Our results do not support
a close relationship between Heliothela, Hoploscopa and the
Scopariinae, but low support in the backbone of the phylogeny
precludes any definite statement concerning their positions.
Erupa was consistently found as sister group to the Cram-
binae, though without support (BS< 70) in the ML analysis.

Although the Crambinae and the Scopariinae were recovered
as sister groups in Regier et al. (2012), the topology (Crambi-
nae+ Erupa)+ Scopariinae was recovered here, but only with
good support in the Bayesian analysis. The sister-group relation-
ship Crambinae + Scopariinae shows an increase in bootstrap
support (58% vs 88%) when Erupa,Heliothela andHoploscopa
are removed from our dataset (not shown), therefore resulting in
a topology similar to that of Regier et al. (2012). The placement
of Erupa,Heliothela andHoploscopawith respect to Crambinae
and Scopariinae remains uncertain and must be adressed in fur-
ther studieswith a greater number of genes and broader sampling
of Crambidae.
Our phylogeny confirmed some of the tribes treated by Landry

(1995) (e.g. the Diptychophorini, Haimbachiini), while oth-
ers were found to be polyphyletic (Argyriini, Crambini). The
snow-white colour of the forewing in Argyria, Catharylla,
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Urola and Vaxi, the gnathos pointing downwards or posterad, or
the noncoalesced papillae anales in Ancylolomia, Euchromius,
Miyakea and the Crambini were shown to be homoplastic. In
other cases, genera erected for species displaying ‘odd’ fea-
tures, e.g. yellow colour of forewing in Cholius syn.n. or row
of hairs on hindwing A1 vein in males of Dasyscopa syn.n.,
were found to represent highly apomorphic characters within

Scoparia or Eudonia, respectively (Fig. 2). In Scopariinae, the
cladeMicraglossa + (Scoparia + Eudonia) was recovered in all
analyses, although with weak support in ML analyses. The cor-
pus bursae covered half with spines, half with scobinate patches
(Fig.1, character 26) was suggested as a synapomorphy for the
group including these genera (Caradjaina syn.n. excepted) by
Nuss (2003), which argues in favour of this topology. In the
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Crambinae, the Ancylolomiini stat. rev. showed no support in
the ML analysis (BS< 70%). Ancylolomia was recovered in
the Crambini in the cladistic analysis of Landry (1995) on the
basis of the gnathos pointing downward, the papillae anales dor-
sal connection membranous, and the hindwing cell open. The
hindwing cell was coded as ‘open’ for Ancylolomia japonica
Zeller in Landry (1995), although it is closed in A. tentaculella
(Hübner) and was reported to be closed by other authors (de
Joannis, 1932; Okano, 1962; Bleszynski, 1965; Kirpichnikova,
1999). Similarities in the morphology of Prionotalis and Ancy-
lolomia (male genitalia with relatively short valva, strong vincu-
lum, phallus as long as valva, with ductus ejaculatorius branch-
ing at anterior apex, female genitalia with papillae anales not
coalesced dorsally and ductus seminalis originating on corpus
bursae) (Bassi, 2016) support the Ancylolomiini hypothesis
recovered here. However, the forewing distal margin produced,
the ring-like gnathos without posterior extension and the valva
with ventral process shared byMesolia, Prionapteryx and Pseu-
doschoenobius are not observed in Ancylolomia, suggesting a
possible misplacement of this genus as sister to Prionapteryx +
Pseudoschoenobius.

Systematic changes

Our investigations provide the first comprehensive molec-
ular phylogeny for the Crambinae and Scopariinae and the
rationale for a number of changes in the classification. The
enigmatic Erupini, weakly supported as sister to the Crambi-
nae, do not share the Crambinae synapomorphies – hindwing
M1 near middle of cell and phallus connected medially to
juxta – and are thus not considered as such. Their ambigu-
ous position in our analyses restrained us from erecting this
tribe as a subfamily for now. The taxa for which the com-
position is changed here are provided with a new diagno-
sis in the following, and their composition is summarized in
Table S8.

SCOPARIIINAE
Scoparia Haworth, 1811

Diagnosis. Our ancestral character analysis recovered
the ventral process of the valva in male genitalia as an apomor-
phy for the genus. Scoparia cannot be separated from Eudonia
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based on external morphology, but has the following combi-
nation of characters in genitalia: male genitalia with uncus tip
pointed, gnathos tip pointed and directed downwards, sacculus
of valva sclerotized, with free distal extension and phallus (most
species) with cornuti (Nuss, 1999); female genitalia with ante-
rior and posterior apophyses as long as to twice as long as papil-
lae anales, colliculum short, ductus bursae straight or slightly
curved, corpus bursae spinulose on one lateral half, spatulate on
other half, with an appendix bursae (absent in Cholius syn.n.).

Remarks. Molecular data support themonophyly of the clade,
includingCaradjaina and Scoparia, but do not support Scoparia
as a distinct clade from Caradjaina (Figs 2, S2). Nuss (1999)
highlighted the proximity between Caradjaina and Scoparia
male genitalia, with Caradjaina displaying narrower shapes of
the uncus, tegumen and base of valva. He suggested that the
latter belonged to Scoparia, but no Caradjaina females were
known then. Examination of female genitalia for the first time
did not reveal any notable differences between Caradjaina and
Scoparia. Thus, Caradjaina syn.n. is synonymized here with
Scoparia and its only described species, Scoparia kwangtun-
gialis (Caradja) comb. rev., is transferred back to Scoparia.
Cholius syn.n. is recovered in the molecular analysis as an
ingroup of Scoparia and is thus synonymized here. Scoparia
luteolaris (Guenée) comb. rev. and S. leucopeplalis (Hampson)
comb.n. are transferred to Scoparia.

Eudonia Billberg, 1820

Diagnosis. Ancestral character analyses recovered the
upward-directed (posterad in several cases) gnathos and the
absence of cornuti in male genitalia as well as the long and slen-
der colliculum and the looped ductus bursae in female genitalia
as apomorphies for the genus. Further characters allow the seg-
regation of Eudonia from other Scopariinae: in male genitalia,
uncus tip blunt or notched, valvae generally without sclerotized
sacculus − sclerotized in a few species, but without free distal
extension; in female genitalia, anterior and posterior apophyses
two to six times as long as papillae anales, corpus bursae spin-
ulose on one lateral half, spatulate on other half, with a distinct
signum and an appendix bursae.

Remarks. According to our molecular analyses, Dasyscopa
syn.n. and Dipleurinodes syn.n. are nested within Eudonia
and are thus synonymized here. Eudipleurina Leraut syn.n.,
not included in our taxon sampling, resembles Dipleurinodes
by the shared distinct sacculus without free distal extension
(Nuss, 1999). It displays all apomorphies of Eudonia and is thus
synonymized here with this genus. The following species are
transferred to Eudonia: Eudonia ambrensis (Leraut) comb.n.,
Eudonia ankaratrella (Marion) comb.n., Eudonia axeli (Nuss)
comb.n., Eudonia barbipennis (Hampson) comb.n., Eudo-
nia bueaensis (Maes) comb.n., Eudonia comorensis (Leraut)
comb.n., Eudonia homogenes (Meyrick) comb.n., Eudonia
mineti (Leraut) comb.n., Eudonia nigra (Leraut) comb.n.,

Eudonia phaeopalpia (Hampson) comb.n., Eudonia tavetae
(Maes) comb.n. and Eudonia viettei (Leraut) comb.n.

MicraglossaWarren, 1891

Diagnosis. No apomorphies are known for Micraglossa
(Nuss, 1999). The inwardly directed spine in male genitalia
observed in someMicraglossa species is a possible synapomor-
phy. Micraglossa can be separated from most other scopariine
genera by the presence of golden shiny scales on the head,
thorax and abdomen (Nuss, 1999; Li et al., 2010). The genus
is thought to be closely related to the Neotropical Gibeauxia
Leraut, not sampled in this study, with which it shares the
golden shiny scales and the presence of an elongated signum in
corpus bursae (Nuss, 1999; Li et al., 2010).

Remarks. The Australian Micraglossa melanoxantha
(Turner) comb.n. is here transferred from Scoparia to Micra-
glossa.

CRAMBINAE
In light of the phylogenetic results, changes in the tribal

classification are needed for all tribes except the Haimbachiini.

Diptychophorini Gaskin, 1972

Type genus. Diptychophora Zeller, 1866

Diagnosis. The moths of this tribe are small, with a forewing
length not exceeding c. 8 mm and reaching only 3.5 mm in some
specimens of Microcausta. Apomorphies for the tribe men-
tioned by Landry (1995), i.e. ratio of the forewing length over its
width < 2.0 and the erect terminal scales on the flagellomeres,
are not shared by Gargela. The forewing outer margin of many
Diptychophorini is also often notched near M1 and M2, but this
is not the case for Gargela. Also, the gelechioid-like recurved
labial palpi ofGargela are a unique feature for a crambine group.

Remarks. The Diptychophorini include 10 genera (Nuss
et al., 2019). Microchilo, placed by Gaskin (1971) in the
Diptychophorini, is recovered in the ‘narrow-winged clade’
(Fig. S2) and thus excluded from this tribe. Gargela, which was
thought to be related toGlaucocharis,RoxitaBleszynski (Dipty-
chophorini) and Calamotropha (Calamotrophini) based on wing
pattern (Song et al., 2009), is placed here confidently in the Dip-
tychophorini.

Ancylolomiini Ragonot, 1889 stat. rev.

Type genus. Ancylolomia Hübner, 1825.

Diagnosis. The closed hindwing cell, its M1 base near the
middle of the cell, as well as the large valva, the short and broad
tegumen arms with a wide dorsal connection and the ductus
ejaculatorius branching at the anterior end of the phallus in male
genitalia allow the Ancylolomiini to be segregated from other
Crambinae.
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Remarks. Ancylolomiini is a senior synonym of Prionaptery-
gini Landry, 1995 syn.n. The Nearctic Eufernaldia Hulst, and
Old World Surattha Walker (placed in the Prionapterygini by
Landry, 1995), the Palearctic Prionapteron Bleszynski and Talis
Guenée, as well as the Afrotropical Aurotalis Bleszynski and
Zovax Bleszynski are placed here in the Ancylolomiini (Landry,
1995; Bassi, 2013, 2016). Prionapteron and Talis also share a
ringed gnathos and a valval ventral sclerotization in male gen-
italia with Mesolia, Prionapteryx and Pseudoschoenobius, as
well as triangularly shaped papillae anales in female genitalia
with Prionapteryx and Pseudoschoenobius.

Chiloini Heinemann, 1865

Type genus. Chilo Zincken, 1817

Diagnosis. The ancestral character reconstruction recovered
the two-armed juxta as the most probable ancestral state of the
Chiloini and it thus represents an apomorphy for this tribe.
Further characters allow segregation of this tribe from other
Crambinae: hindwing cell closed, tympanal organs with marked
venulae secundae, pseudosaccus present in male genitalia.

Remarks. In all, 11 genera are assigned here to this tribe:
Chilandrus Bleszynski, Chilo, Chiqua Bleszynski, Diatraea,
EschataWalker, Gadira, HednotaMeyrick, Leonardo Bleszyn-
ski, Malgasochilo Bleszynski, Myelobia and Tauroscopa
Meyrick. The Myelobiini Minet syn.n.. including Eschata and
Myelobia, share the thick venulae secundae and the bifid juxta in
male genitalia with other members of the Chiloini. We could not
examine specimens or the descriptions of Hemiptocha Dognin
and Pseudometachilo Bleszynski and thus cannot assign them
to this tribe with confidence. Klots (1970) provided a brief
description of the tribe, although in a more restricted sense,
while Gaskin’s concept of the tribe is here revised substantially.

Argyriini Klots, 1983

Type genus. Argyria Hübner, 1818

Diagnosis. The following combination of characters allows
the segregation of Argyriini from other Crambinae: labial palpi
less than twice the eye width, forewing ground colour snow
white, forewing RS4 starting from cell, hindwing cell open,
in male genitalia conspicuous lateral coremata, pseudosaccus
absent, in female genitalia anterior apophyses short (Landry,
1995).

Remarks. The Argyriini are presently limited to the two gen-
era ArgyriaHübner andUrolaWalker. Bleszynski synonymized
Urola with Argyria (Bleszynski, 1967), and a close relationship
between these two genera was suggested by Landry (1995).
Catharylla and Micrelephas could not be reliably assigned
to either the Argyriini or the Haimbachiini (Fig. 2), but share
all diagnostic features of Argyriini, except for the forewing
RS4 stalked to RS2 +RS3 and the absence of lateral coremata in

Catharylla, and the brown and orange scaling on the forewing in
some Micrelephas species (Landry, 2003; Landry et al., 2013;
Léger et al., 2014). The Australian Australargyria Bleszynski
and Neargyrioides Bleszynski, and the Oriental Pseudargyria
Okano all share the snow-white colour of the wings, the
forewing RS4 connected to the cell (connected to RS2 +RS3

in Australargyria), the hindwing cell open and the absence of
a pseudosaccus (present in Pseudargyria) with the Argyriini,
and might belong to this tribe (Okano, 1962; Bleszynski, 1965,
1970b).

Calamotrophini Gaskin, 1988 stat. rev.

Type genus. Calamotropha Zeller, 1863

Diagnosis. The combination of the following characters will
serve to single out the members of this tribe from other
Crambinae: labial palpi more than twice the eye width, forewing
with RS4 stalked to RS2 +RS3; in female genitalia, papillae
anales with dorsal connection sclerotized and apophyses anterior
and posterior short.

Remarks. Calamotropha Zeller, Pseudocatharylla Bleszyn-
ski and Vaxi Bleszynski are included in this tribe. Other
Afrotropical genera not included in our sampling, Chryso-
catharylla Bassi, Classeya Bleszynski and Pseudoclasseya
Bleszynski, have male genitalia similar to those of Pseudo-
catharylla (Bassi, 1999), the latter two sharing asymmetrical
male valvae with Pseudocatharylla. All three share the hind-
wing cell open and the forewing RS4 vein connected at base with
RS2 +RS3 with the Calamotrophini and are thus placed in this
tribe.

Euchromiini Léger, Landry & Nuss tribe n.
http://zoobank.org/urn:lsid:zoobank.org:act:1A84282D-930A-
4C32-8340-D681BFF27A12.

Type genus. Euchromius Guenée, 1845

Diagnosis. The combination of the following morphological
characters are regarded as diagnostic: forewing with single or
double yellowish medial fascia, subterminal line starting from
tornus and ending at middle of termen above terminal black
dots, with a row of large black terminal dots on dorsal half;
forewing RS4 vein originating from cell, hindwingM1 vein close
to Sc+R, hindwing cell open; in male genitalia, gnathos apex
pointed downwards, pseudosaccus present; in female genitalia,
papillae anales dorsally connected by a membrane (Schouten,
1988, 1992).

Remarks. The Euchromiini encompass the single genus
Euchromius.MetaeuchromiusBleszynski andMiyakeaMarumo
show a similar wing pattern to that of Euchromius but the closed
hindwing cell, the hindwing M1 vein placed near the middle
of the cell, the gnathos tip pointed upwards and the missing
pseudosaccus discriminate them from Euchromius.

Crambini Latreille, 1810
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Type genus. Crambus Fabricius, 1798

Diagnosis. The membranous connection of the papillae
anales in female genitalia is recovered as an apomorphy for the
tribe. The gnathos tip pointed downwards or posterad in male
genitalia is another possible apomorphy, but this state is also
observed in the closely related Euchromius and Calamotropha
and might also be the ancestral state of the RS4 stalked clade.
Further characters allow this tribe to be segregated from
other Crambinae: forewing RS4 stalked (except some Platytes
species) with RS2 +RS3, hindwing cell open; in male genitalia
pseudosaccus present; in female genitalia tergite VIII narrow,
anterior and posterior apophyses short.

Remarks. Ancylolomia, Euchromius, Micrelephas and
Miyakea are excluded from the Crambini. Microcramboides
Bleszynski syn.n. and Tortriculladia Bleszynski syn.n. are
nested withinMicrocrambus and are thus regarded as synonyms.
Their original descriptions mentioned that Microcramboides
and Tortriculladia are close to Microcrambus based on the
genitalia and the sclerites of the male eighth abdominal segment
(Bleszynski, 1967). The absence of signa in the female corpus
bursae differentiating Microcrambus from Crambus (Bleszyn-
ski, 1963) is shared by Microcramboides and Tortriculladia
and not observed in other members of the ‘Crambus group’.
Crambini is the most speciose tribe of Crambinae, containing
61 genera with 783 species.

Evolution of morphological features

Ancestral character-state analyses allow for the discovery
of apomorphies for clades and for inferences about the place-
ment of non-assigned taxa and fossils (Smith & Turner, 2005;
Beutel & Kristensen, 2012). Among the 27 characters inves-
tigated, we recovered 21 synapomorphies supporting clades
grouping more than one genus, thereby confirming 10 apomor-
phies in Landry (1995) and two apomorphies hypothesized in
Nuss (1999, 2003). Nine characters provided apomorphies for
newly recovered clades among the Crambinae. However, ances-
tral character reconstruction showed two major limitations: (i)
character examination is limited to one or a few species, thereby
overlooking trait variation within a taxon (Wiens, 1995); and (ii)
ancestral character estimation analyses are based on the assump-
tion that the true phylogenetic tree is used, which can lead to
false reconstruction of ancestral character state, even within
commonly accepted confident support values (> 90%) (Duchene
& Lanfear, 2015).
The uncus and gnathos of the males are used in pairs in con-

tact with the female’s segment VIII during copulation in Cram-
bidae (Cordero & Baixeras, 2015). Motion muscles activating
the gnathos are mostly absent in the groundplan of Crambidae
(Kuznetsov & Stekolnikov, 1979), suggesting a loss of the use
of the uncus-gnathos claw function (Kuznetsov & Stekolnikov,
2001). By contrast, muscle M10, which lowers the gnathos by
contraction, is present in the following Crambinae and Scopari-
inae species: Agriphila straminella (Denis & Schiffermüller),

Chrysoteuchia culmella (Linnaeus), Crambus pratellus (Lin-
naeus), Pediasia matricella Treitschke, Euchromius ocelleus
(Haworth) and Scoparia ancipitella (La Harpe) (Kuznetsov &
Stekolnikov, 1979). All these taxa share a gnathos tip pointed
downwards, which suggests a correlation between this trait and
the presence of a gnathos-lowering muscle. In the light of our
results and those of Regier et al. (2012), the presence of this
muscle is a possible synapomorphy for the clade, including the
Crambinae and Scopariinae. Male genitalia musculature reveals
another interesting distribution pattern: the pair of valve exten-
sors (muscles M3) connects the juxta to the anterior or medial
part of the vinculum in Crambidae, whereas in Euchromius
ocelleus and the four Crambini investigated by Kuznetsov &
Stekolnikov (1979), M3 muscles attach to the pseudosaccus
instead of the vinculum. The crucial role of the pseudosaccus
in male genitalic musculature thus explains its conservation in
the two groups of Crambinae where it is found.
Our ancestral character reconstruction recovered a loss of

signum in the ancestor of the narrow-winged clade and the gain
of two signa in the Crambus group. Signa are hypothesized
to evolve as counter-adaptations against thick spermatophores
(Cordero, 2005; Sánchez et al., 2011). The presence of a
signum is associated with polyandry, with both regarded as the
plesiomorphic conditions in Lepidoptera, whereas the evolution
of monandry is associated with the loss of signa (Sánchez
et al., 2011). Females of Parapediasia teterrella (Zincken)
bear no signum and were shown to mate only once, whereas
females of Agriphila plumbifimbriella (Dyar), which bear one
signum, were reported to mate more than once (Marshal,
1988). No extensive data on the reproductive behaviour of the
Crambinae are presently available, but the different number of
signa observed among the Crambinae could reflect different
reproduction behaviours.

Egg-laying behaviour and host plant use

Ecological traits such as nonadhesive eggs and larval life
habits were not formerly investigated by ancestral trait recon-
struction because of the paucity of available information, but
the distribution of these traits on the recovered phylogeny pro-
vides insights into the evolution of the Crambinae and Scopari-
inae. The behaviour of dropping nonadhesive eggs is observed
in Crambini and Ancylolomia, suggesting at least two inde-
pendent origins in Crambinae (Fig. 4). Nonadhesive eggs are
associated with two modifications of the female oviscapt. First,
the dorsal connection of the papillae anales is not sclerotized
(Fig. 1, character 18, state 1), which probably facilitates the
nontargeted dissemination of eggs. Second, strongly reduced
posterior and anterior apophyses as well as short membranes
between segments VIII and IX suggest a reduced evertion of the
oviscapt during oviposition. Themembranous dorsal connection
of papillae anales observed in Euchromius, Gadira, Miyakea,
Prionotalis,Aurotalis andMetaeuchromius (the latter three were
not included in this study) indicate that the females of these
species may also lay nonadhesive eggs. Furthermore, the series
of steps followed during oviposition seem to differ in species
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laying nonadhesive eggs. In Lepidoptera species fixing their
eggs to a substrate, the oviposition process implies the search
for a suitable host plant, with subsequent evaluation of its sur-
face with the antennae, tarsi, proboscis and oviscapt (Chadha
& Roome, 1980; Marion-Poll et al., 1992; Renwick & Chew,
1994). Females of Agriphila plumbifimbriella and Parapedia-
sia teterrella were reported to drop their eggs in flight (Ainslie,
1922; Marshal, 1988), which means that host-searching is either
skipped or oviposition is stimulated by habitat characters.
Host plant and larval life habits remain poorly investigated,

with the exception of a few species of economic importance
(Hill, 1987; Khan et al., 1991; Capinera, 2001; Glime, 2017).
Scopariinae are largely moss feeders, with a few Scoparia
species feeding on dicotyledons (Nuss in Goater et al., 2005).
In the Crambinae, the early lineage Diptychophorini are most
probably moss feeders, as suggested by the New Zealand Glau-
cocharis reported to feed on leaves of mosses (Gaskin, 1972).
Despite the lack of host plant records for the Erupini (Hayden,
2012), moss-feeding habits are observed in the early-diverging
lineage of the Crambinae, the Diptychophorini, as well as in
Gadira and in all early-diverging lineages of the Crambini
(Platytes, Agriphila, Catoptria, Chrysoteuchia), and suggest
moss as the ancestral host plant of the Crambinae and Sco-
pariinae. Crambinae belonging to the narrow-winged clade feed
predominantly on Poaceae, with a few species feeding on sedges
(Calamotropha spp., several Crambini), various dicotyledonous
plants (Argyria, Chrysoteuchia, Crambus, Prionapteryx) or dry
vegetal detritus (Euchromius) (Slamka, 2008; Robinson et al.,
2010). The wide range of host plants recorded for species of
Chilo and Diatraea are thought to be the result of intense culti-
vation of cereal crops followed by an increase of their popula-
tion size, which trigger host plant range expansion in herbivores
(Castagneyrol et al., 2016). Crambinae laying nonadhesive eggs
(Ancylolomia and the Crambini) are reported to feed predomi-
nantly on grasses belonging to the ‘core Pooideae’ (Poaceae),
i.e. the species-rich clade sister to the Brachypodieae (Saarela
et al., 2015). Their larvae live in silken tunnels near the ground,
feeding at the base of grasses, unlike other larvae of Crambi-
nae (Calamotropha, Chilo, Diatraea, Myelobia, Haimbachiini)
which are stem borers in grasses.
Pooideae are thought to have experienced a major radiation

in the early Oligocene (34–23 Ma), most likely in the northern
hemisphere where they dominate the grass flora (Hartley, 1973;
Bouchenak-Khelladi et al., 2010). A host plant shift to Pooideae
could explain the high diversity observed in Crambini (916 sp.),
as host plant shifts are known to trigger speciation (Forbes et al.,
2017), leading to subsequent evolutionary radiations (Fordyce,
2010). Crambini account for 40% of the described crambine
species and represent the bulk of crambine diversity in temper-
ate areas (e.g. 80% of the Crambinae fauna in Canada) (Pohl
et al., 2018). Our analysis, including part of the diversity of the
Crambini (25 of the 61 described genera), recovered the Hol-
arctic genera Platytes, Agriphila and Catoptria as the earliest
diverging lineages of Crambini, suggesting that diversification
of the tribe took place there. A similar diversification scenario
is found in the Satyrinae (Nymphalidae), which diversified on
grasses during the drying and cooling period that triggered their

expansion in the Oligocene (Peña & Wahlberg, 2008). Interest-
ingly, similar cases of nonadhesive egg-laying behaviours are
observed conjointly with the use of Pooideae as host plants in
several Satyriinae genera (Aphantopus, Arethusana, Brintesia,
Erebia, Hipparchia, Lopinga, Maniola, Melanargia, Minois,
Pyronia) (Frohawk, 1924; Forster &Wohlfahrt, 1955; Wiklund,
1984; E. García-Barros, personal communication), suggesting
that the evolution of nonadhesive eggs is an adaptation to the
switch to Pooideae. Although the lack of fossils prevents us from
any speculation about the time of their diversification, Cram-
bini possibly followed a similar evolutionary path to that of the
Satyrinae. Future studies with a broader sampling of the tribe
covering all genera and biogeographical zones will shed more
light on its evolution.
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the Supporting Information section at the end of the article.

Fig. S1. Uncorrected p-distances of the third codon position
for each gene plotted against the distance on the best-scoring
ML tree of conc6genes.

Fig. S2. Best-scoring ML tree of the whole dataset with
best partitionfinder model applied and bootstrap support
values from 1000 replicates displayed on nodes.

Fig. S3. Best-scoring ML tree of the conc6genes_COI1+2
dataset with the best partitionfinder model applied. Boot-
strap support (1000 replicates) displayed above the nodes,
posterior probabilities displayed below.

Fig. S4. Node numbers used for ‘ace’ analyses (Table S6)
plotted on best-scoring ML tree of the conc6genes dataset
with best partitionfinder model applied.

File S1. r script of the ‘ace’ analysis (ape package; Paradis
et al., 2004).

File S2. r script of the ‘fastAnc’ analysis (phytools pack-
age; Revell, 2012)

File S3. r script of the ‘ace’ function modified by E. Paradis
to take uncertain states into account.

Table S1. List of the 111 taxa sampled along with their
access numbers at the European Nucleotide Archive (https://
www.ebi.ac.uk/ena) for each gene. Subfamilial and tribal
assignments follow the current classification (prior to this
study) according to GLOBIZ (Nuss et al., 2019). The
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desmuseum Ferdinandeum, Innsbruck (TLMF), Zoologische
Staatsammlung München (ZSM).
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Table S2. PCR primers used. PCR product length for newly
designed nested primers refer to the PCR product obtained
with the corresponding standard primer from Wahlberg &
Wheat (2008).

Table S3. PCRmix adapted fromWahlberg &Wheat (2008).

Table S4. PCR programmes adapted from Wahlberg &
Wheat (2008) and Regier (2007).

Table S5. Character states matrix.

Table S6. Scores from the ‘ace’ analysis (ape package) for
each node (see Fig. S4).

Table S7. Egg-laying behavior, host plant data and larval
life habits in Crambinae, Scopariinae and other Crambidae
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Table S8. Revised systematic classification of genera of
Crambinae and Scopariinae investigated in this study. Sup-
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Abstract
Crambidae forms with more than 10,000 described species the most species rich pyraloid lineage. They can be best
identified by morphological characters of the adult tympanal organ and larval chaetotaxy. We present the first
molecular phylogeny of Crambidae including all subfamilies and most tribes. We use available molecular data from
two previous studies as well as published transcriptomes and genomes, compiling ten genes totalling 11,247 bp.
Up to eight genes are sequenced for thirty-nine additional taxa, with Cathariinae, Cybalomiinae and Linostinae
sampled for the first time. Maximum Likelihood and Bayesian analyses recover topologies mostly agreeing with
that of previous studies, with several groupings showing better support. Cathariinae and Cybalomiinae are
recovered as ingroup of Glaphyriinae, but with weak support. Linostinae is either sister to Glaphyriinae, or to
the “CAMMSS clade”. Lathrotelinae were recovered monophyletic and as sister to Musotiminae in the Bayesian
analysis. Heliothelinae s. l. are polyphyletic: Hoploscopinae stat. n. are recovered sister to ((Crambinae
+ Erupini) + (Scopariinae + Heliothelinae)), while Heliothelinae s. str. are strongly supported as sister to
Scopariinae. Evolution of host plant preferences are discussed.

Introduction
With roughly 16,000 described species, Pyraloidea represent one of the most diverse lineages of Lepidoptera
(Nuss et al., 2003–2019). The adults bear a paired tympanal organ in the second abdominal segment consisting
of two tympanic chambers supporting a tympanum. This feature allows detecting the echolocation sounds of
hunting bats and plays a role in acoustic communication in mating (Greenfield, 2014, and references therein).
Pyraloids exhibit an unprecedented spectrum of ecological adaptations in larval life habits, including adaptations
to freshwater habitats (Acentropinae) or extreme dry environments such as deserts (some Phycitinae). The larval
food spectrum spans from detritus, lichens, mosses, lycopods and ferns to mono- and eudicotyledonous plants. A
number of species is known as pests of Poaceae (e.g. Chilo Zincken, 1817, Cnaphalocrocis Lederer, 1863, Diatraea
Guilding, 1828, Marasmia Lederer, 1863, Ostrinia Hübner, 1825, Scirpophaga Treitschke, 1832), Brassicaceae
(Hellula Guenée, 1854) and Solanaceae (Duponchelia Zeller, 1847, Hymenia Hübner, 1825, Lineodini, Spodalea
Guenée, 1854) (Capinera, 2001; Hill, 1987, 2008; Khan et al., 1991; Landry & Roque-Albelo, 2008; Mally et al.,
2019; Solis & Adamski, 1998a). Mutualistic relationships with bees, ants and sloths, or parasitism on other
Lepidoptera or Hymenoptera larvae have been reported for some taxa, e.g. Chalcoela Zeller, 1872, Cryptoses
Dyar, 1908, Dicymolomia Zeller, 1872, Galleria Fabricius, 1798, Niphopyralis Hampson, 1893 (Kemner, 1923,
Munroe & Solis, 1998, Pauli et al., 2014, Powell et al., 1998, Roepke, 1916)

Morphological differences in the tympanal organ led authors to recognize two main groups designated as
Crambidae and Pyralidae (Börner, 1925, Minet, 1982, 1983, 1985). The Crambidae are characterized by a
tympanal organ of the “open type”, i.e. with a broad anteromedial opening, the presence of a praecinctorium and
the conjunctiva and tympanum not in the same plane (Minet, 1982). A further synapomorphy lies in the presence
of one or two L setae in the abdominal segment 9 of the larvae (Hasenfuß, 1960). Different hypotheses regarding
the phylogeny of the Crambidae flourished during the second half of the 20th century. Roesler (1973) presented
hypotheses about their relationships based on adult and immature characters. Kuznetsov & Stekolnikov (1979)
formulated a hypothesis on the Crambidae phylogeny based on the muscular anatomy of the male genitalia. Minet
(1982, 1985) characterised several subfamilies based on the examination of the tympanal organ. Yoshiyasu (1985)
postulated a partly resolved phylogeny based on adult and immature characters for the Japanese Acentropinae and
Musotiminae. The first cladistic analysis of Crambidae is that of Solis & Maes (2002) based on 33 morphological
characters assembled from previous studies. Their study, however, did not resolve relationships among subfamilies,
and no convincing phylogeny was known in the early 2000’s.

Regier et al. (2009) and Mutanen et al. (2010) provided the first molecular phylogenies of Lepidoptera
including a significant number of Pyraloidea subfamilies (10 and 18 respectively). They confirmed the mono-
phyly of both Crambidae and Pyralidae, forming together the monophyletic Pyraloidea, and provided insights
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into relationships among crambid subfamilies. Regier et al. (2012) provided the first molecular phylogeny fo-
cussing on pyraloid moths, based on five genes for 28 Crambidae and 13 Pyralidae, with up to 14 additional genes
sampled for a subset of these taxa. The recovered topologies within the two families disagree with all previous,
morphology-based hypotheses. A “wet-habitat clade”, comprising the Acentropinae, Midilinae and Schoenobiinae,
and a “mustard oil clade” including Evergestinae (syn.), Glaphyriinae and Noordinae (syn.) whose larvae feed
upon Brassicales, were among the clades recovered for the first time. Spilomelinae and Pyraustinae were found
monophyletic and sister-groups, as were Crambinae and Scopariinae. A phylogeny based on thirteen mitogenomes
from five Crambidae subfamilies (Acentropinae, Crambinae, Pyraustinae, Spilomelinae, Schoenobiinae) was pub-
lished the following year (Ye et al., 2013). The topology notably recovered the Schoenobiinae as sister-group
to Crambinae, constrasting with Regier et al. (2012), where they were recovered in a clade with Acentropinae
and Midilinae. Finally, recent phylogenies provided insights into the evolution of Pyraustinae and Spilomelinae
(Mally et al., 2019), and of Crambinae and Scopariinae (Léger et al., 2019b). Despite great improvements in
the understanding of the evolutionary relationships of Pyraloidea, the subfamilies Cathariinae, Cybalomiinae and
Linostinae were never included in previous studies, and so far, no supported phylogenetic placements were ob-
tained for Heliothelinae (Léger et al., 2019b) or Lathrotelinae (Mally et al., 2019). This study aims to investigate
the phylogenetic placement of Cathariinae, Cybalomiinae, Heliothelinae, Lathrotelinae and Linostinae within
Crambidae. A brief summary for these five subfamilies is provided hereafter.

Cathariinae Minet, 1982

These small, blackishly winged moths are found in alpine areas of the Alps and the Pyrenees. Male genitalia lack a
gnathos, and females have a reduced tympanal organ. Depending on the taxonomic concept, one or two species are
recognized (Leraut, 1997). Larvae are reported feeding on Cerastium pedunculatum (Caryophyllaceae), Saxifraga
aphylla, Saxiphraga oppositifolia and Silene acaulis (Saxifragaceae) (Schmid, 2019). Catharia was originally
placed in the Odontiinae (Munroe, 1961) or Pyraustinae (Marion, 1962), before Minet (1982) erected a subfamily
to accommodate the genus based on the reduction of the gnathos and tympanal organ. Leraut (1997), however,
treats Catharinae as synonym of Odontiinae.

Cybalomiinae Marion, 1955

Cybalomiine moths display yellow to brownish forewings similar to those of some Glaphyriinae. The Cybalomiinae
display characteristic fovea between Rs 2+3 and Rs 4 on the forewing, and lateral indentations of sternite 2
(Luquet & Minet, 1982). Larvae are reported to feed on Brassicaceae and Capparaceae (Chrétien, 1911; Lhomme,
1935; Robinson et al., 2010). Marion (1955) described the tribe Cybalomiini as part of the Scopariinae, and
Munroe (1959) raised it to the subfamily level. Regier et al. (2012) suspected this subfamily to belong to the
Glaphyriinae based on the shared use of Brassicales as larval host plant. The subfamily counts 112 species
currently classified in 19 genera which are predominantly found in dry regions of Southern Europe, Africa, Asia
and Australia as well as North and South America (Nuss et al., 2003–2019–2019).

Heliothelinae Amsel, 1961

This subfamily comprises two tribes, the Heliothelini and the Hoploscopini, that share the presence of a spine in
the corpus bursae of the female genitalia (Nuss, 1998). The Heliothelini are small dark-winged moths with yellow
to orange colouration on the hindwings in many species. The diurnal moths are found in dry habitats of the Old
World. In contrast, the Hoploscopini display reddish-brown forewings with yellow to red markings. The moths
fly at night and are found in tropical mountains of the Oriental and Australasian regions. Larvae of Heliothela
wulfeniana (Scopoli, 1763) feed on Lamiaceae and Violaceae (Schütze, 1931), while larvae of Hoploscopini are
reported from ferns (Mally et al., 2017). Heliothelinae are still a matter of debate, treated by some authors as
subgroup of Scopariinae (Hannemann, 1964, Leraut, 1980, Munroe & Solis, 1998, Robinson et al., 1994), while
others advocate two separate lineages (Minet, 1982, Nuss, 1998, Nuss, 1999). Heliothelinae were not recovered
monophyletic by Léger et al. (2019), but among-subfamilies relationships were poorly supported, precluding the
inference of meaningful conclusions. The three Heliothelini and two Hoploscopini genera encompass fifty described
species (Nuss et al., 2003–2019–2019), with at least as many species awaiting description in Hoploscopini (Léger
et al., 2019a, Robinson et al., 1994).

Lathrotelinae Clarke, 1971

Clarke (1971) described the Lathrotelidae from a single female specimen of Lathroteles obscura Clarke, 1971,
collected on Rapa Island (French Polynesia). The specimen lacked a tympanal organ but displayed other characters
typical for Pyraloidea, so that the author considered it to be closely related to Pyraloidea (“Pyralidae” s. l.).
Minet (1991) found strongly reduced tympanal organs of the “crambid type” when examining a male specimen
of L. obscura and synonymized Lathrotelidae with Nymphulinae (now Acentropinae) based on their similarities
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in the tympanal organs. The same author reinstated the Lathrotelinae to acommodate this genus, along with
Diplopseustis Meyrick, 1884, Diplopseustoides Guillermet, 2013 and Sufetula Walker, 1859, and suggested the
two or three lunules on the forewing costa as a synapomorphy for the group (Minet, 2015). This pantropical
subfamily currently hosts five genera encompassing 42 species (Nuss et al., 2003–2019–2019).

Linostinae Amsel, 1956

Linostine moths display snow white forewings with finely marked black median and subterminal lines. The sub-
family was described by Amsel (1956) to host the genus Linosta Möschler, 1882, which includes four neotropical
species. The subfamily was revised by Munroe (1959).

Material & Methods

Taxon sampling

Samples were collected as adult moths by light-trapping or at day with a net and preserved either dried or in alco-
hol. A number of specimens were obtained through loans and donations from colleagues (see Acknowledgements).
Specimens were identified based on wing pattern and genitalia, and identification was cross-checked by DNA
barcoding with help of the Identification Engine in BOLD (http://boldsystems.org/; Ratnasingham & Hebert,
2007). Dried specimens collected less than two years prior to DNA extraction were considered for molecular ge-
netic analyses. All Crambidae subfamilies were included, with Cathariinae (1 species), Cybalomiinae (4 species),
Lathrotelinae (5 species) and Linostinae (1 species) represented for the first time in a molecular phylogeny.
PCR-generated molecular sequences from studies of Mutanen et al. (2010) (16 taxa), Regier et al. (2012) (41
taxa) and Heikkilä et al. (2015) (1 taxon) were downloaded from GenBank and added to our molecular dataset.
A representative subset of the taxa from phylogenetic studies of Léger et al. (2019) and Mally et al. (2019)
were also included. Sequences of interest were retrieved from published transcriptomes of Cnaphalocrocis medi-
nalis (Guenée, 1854), Myelobia smerintha (Hübner, 1821) (Kawahara & Breinholt, 2014), Scirpophaga incertulas
(Walker, 1863) (Renuka et al., 2017), as well as from whole genome of Amyelois transitella (Walker, 1863) and
Chilo suppressalis (Walker, 1863) on the LepBase interface (Challis et al., 2016; ensembl.lepbase.org). Taxon
sampling is summarized on supplementary Table B.2.

Molecular work

DNA was extracted with the NucleoSpin Tissue kit (Macherey-Nagel, Germany) from abdomens following the
non-destructive method of Knölke et al. (Knölke et al., 2004). Seven genes (total = 5,649 bp) from the sampling
of Mutanen et al. (2010) were initially considered for amplification: CAD (792 bp), EF-1α (1071 bp), GAPDH
(654 bp), IDH (657 bp), RpS5 (576 bp), wingless (402 bp) and the mitochondrial COI (1,440 bp). The dataset of
Regier et al. (2012) includes five nuclear genes amplified from cDNA: CAD (2,958 bp), DDC (1,281 bp), enolase
(1,134 bp), period (1,074 bp) and wingless (402 bp). Standard primers listed in Wahlberg & Wheat (2008) were
used to amplify all markers except MDH from Mutanen et al. (2010). Alternatively, nested primers of Léger et al.
(2019) were used for samples that proved difficult to amplify. The Regier and Mutanen datasets show only a small
overlap consisting of a fragment of the CAD gene and wingless (total=1,251 bp). Presence of numerous introns
in the first part of CAD, as well as in DDC, enolase and period render their amplification from genomic DNA
cumbersome. In order to increase the overlap of the Regier dataset with our own molecular dataset and Mutanen
dataset, we investigated the intron-exon structure for suitable regions to amplify in the CAD, DDC, enolase
and period genes from annotated genomes of Chilo suppressalis and Amyelois transitella available from LepBase
(Challis et al., 2016). The 4th CAD and 5th DDC exons (3142 and 726 bp respectively) were considered for
primer design. Eighty percent consensus sequences were generated from the Regier gene datasets via Genefisher2
(Giegerich et al., 1996). Primers were designed by eye on conserved regions and subsequently checked for melting
temperature, 3’ complementarity, self-annealing and potential hairpin formation on the online platform OligoCalc
(www.basic.northwestern.edu/biotools/OligoCalc.html). Two pairs of primers were tested to amplify the first part
of the 4th CAD exon in two fragments of 827 and 793 bp respectively. Second fragment was successfully amplified
in most of the samples, while amplification of first fragment proved to be difficult and was abandoned in the course
of the study. A pair of primers was designed for the amplification of a 547 bp fragment of the 5th DDC exon
(Table S1). BIO-X-ACT Short DNA Polymerase (Bioline, UK) was used following the PCR protocol of Wahlberg
& Wheat (2008) as in Léger et al. (2019). Hi-Spec Additive (Bioline) was added to samples with lower yields.
PCR programmes from Wahlberg & Wheat (2008) with the annealing temperature optimized for each primer set
or the TouchDown PCR programme (Regier, 2007) were used as in Léger et al. (2019). Amplification success was
checked by electrophoresis on 1 or 2% agarose gels subsequently stained with GelRed and visualised under UV
light. For PCR products with weak or multiple bands, bands of interest were excised from the gel and DNA was
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extracted using Macherey-Nagel’s PCR clean-up gel extraction kit. PCR products were cleaned by adding 0.3 μ
l ExoSAP-IT (USB, USA) and 1 μ l H2O to 10 μl of PCR product, then following the manufacturer’s protocol.
Cleaned PCR products were forward-sequenced by Macrogen (Netherlands) or alternatively at the SMTD on
a 3730 DNA Analyzer (Applied Biosystems, USA) using the T7 sequencing primer or PCR primers. Reverse
sequencing with the T3 sequencing primer or PCR primers was performed for poor quality samples. Samples
with ZMBN voucher code (see supplementary Table B.1) were processed according to the protocol of Mally et al.
(2019).

Generation of molecular datasets

Targeted genes were retrieved from transcriptomes using reciprocal blasting with BLASTn 2.6 and from whole
genomes using the blast tool as provided by the LepBase interface (Challis et al., 2016; ensembl.lepbase.org).
DNA sequences from closely related taxa were used as query for both sequence searches. RAxML analysis for
each single gene dataset was performed in order to identify and remove potential paralogues. Alignment of most
sequence datasets was straightforward and was done by eye in PhyDE 0.9971 (Müller et al., 2005). Due to high
occurrence of indels, the period gene was aligned using MAFFT (Katoh & Standley, 2013) as provided online
by the European Molecular Biology Laboratory (EMBL, www.ebi.ac.uk). Gene files were concatenated using a
bash script. Conspecific sequences from different datasets were combined for following taxa: Chilo suppressalis
(CsuOGS1.0 and MAS-92-1001-1), Pyralis farinalis (Linnaeus, 1758) (MM00051 and CWM-08-2331), Scirpophaga
incertulas (MAS-92-1003 & SRR1613323) and Syntonarcha iriastis Meyrick, 1890 (MTDLEP3002 and AZ-07-
2650). Codon positions with undergoing synonymous substitutions tend to evolve faster and have a heterogeneous
base composition (Cho et al., 2011, Regier et al., 2009, 2012). Following the approach described in previous
studies (Regier et al., 2010, 2012, 2013), we used a bash script to generate an additional dataset “no syn” with
all synonymous substitution at third codon positions discarded. The size of the final datasets was of 11247 bp.

Identification of rogue taxa

A taxon is identified as “rogue” when its topological position varies greatly in the comparison of similar tree
reconstructions (Aberer et al., 2013, Wilkinson, 1994). RogueNaRok (Aberer et al., 2013) was used to identify
rogue taxa using the following options: majority-rule search, support optimized, maximum dropset size = 2,
algorithm = roguenarok.

Phylogenetic analyses

The molecular dataset was searched for the best partition scheme using PartitionFinder 2 (Lanfear et al., 2017)
with the AICc model selection and the ‘greedy’ algorithm (Lanfear et al., 2012). The best model merged the
second codon position of CAD, DDC, IDH in a subset and the second codon position of EF-1alpha, GAPDH and
RpS5 in another subset, with all other codon position representing their own partition. Maximum Likelihood
(ML) analyses were performed on RAxML (Stamatakis, 2006), with the dataset partitioned according to the best
PartitionFinder model. Branch support was estimated with 1,000 rapid bootstrap inferences with the GTR+CAT
algorithm, and the best tree was estimated with the GTR+GAMMA algorithm. Bayesian inferences (BI) were
performed under MrBayes v.3.2.6 (Huelsenbeck & Ronquist, 2001) with the dataset partitioned according to the
best PartitionFinder model. The following settings were used: prset revmatpr = dirichlet(1,2,1,1,2,1) (assuming
a transition frequency twice as high as transversions), pinvarpr = uniform(0,1), ratepr = variable, brlenspr =
unconstrained: exponential (1.0), parameters revmat, tratio, statefreq, shape set unlinked. Number of generations
was set to 100,000,000, with burn-in set to 0.25. Good mixing of the Markov Chain Monte Carlo (MCMC) was
assessed by visualizing the effective sample size in Tracer (Rambaut et al., 2018). Effective Sample Sizes (ESS)
over 200 indicated sufficient sampling. ML and BI analyses were conducted on the CIPRES Portal (Miller et al.,
2010).

Results and discussion

Rogue taxa

Hendecasis apicefulva Hampson, 1916 (sample MM13885) is highlighted as most unstable taxon (RogueNaRok
raw improvement = 2.514), followed by Ancylolomia inornata (Staudinger, 1870) (sample MTDLEP1634; raw
improvement = 0.806), and Niphopyralis chionesis (sample ANIC002674) together with Udea ferrugalis (Hübner,
1796) (sample MTDLEP870) (raw improvement=1.279). Niphopyralis chionesis (Spilomelinae) was already
known to be problematic by Mally et al. (2019) due to its very long terminal branch in the phylogenetic tree.
This peculiar pyraloid moth resembles limacodid moths, and its larvae develop in nests of leafcutter ants. This
taxon was acommodated in its own subfamily Wurthiinae before Regier et al. (2012) synonymized the latter
with Spilomelinae. Excluding the rogue taxon H. apicefulva from our dataset greatly improves the support for
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the wet-habitat clade (BS=35 vs 71 after removal) and the clade Acentropiinae + Schoenobiinae (BS=67 vs 91).
Similarly, removing A. inornata from our dataset recovers the ”open-cell clade” (sensu Léger et al., 2019b) with
great support (BS=31 vs 93).

Figure 2.1: Best-scoring Maximum Likelihood tree of the 10-genes dataset under RaxML with best Partition-
Finder model applied. Bootstrap support estimated from 1000 replicates displayed above the nodes, posterior
probabilities from the bayesian analysis displayed below the nodes. Species represented and picture credit, clock-
wise: Casuaria armata ( c© A. Kay, Flickr), Galleria mellonella ( c© D. Hobern), Dioryctria sp. ( c© D. Hobern),
Salma pyrastis ( c© D. Hobern), Synaphe punctalis ( c© Riszard, Flickr), Pyrausta tyralis ( c© D. Hobern), Parotis
sp. ( c© I. MacMillan), Autocharis hedyphaes ( c© S. & A. Pearson), Linosta centralis ( c© G. Kunz), Catharia pyre-
naealis ( c© L. Mikonranta, Flickr), Crocidolomia pavonana ( c© Naturgucker.de, Flickr), Diplopseutis prophetica
( c© D. Ackers), Hellula rogatalis ( c© c© D. Hobern), Musotima ochropteralis ( c© D. Hobern), Midila daphne ( c©
A. Kay), Donacaula melinellus ( c© M. Krancevic), Elophila nymphaeata ( c© D. Hobern), Hoploscopa sp. ( c© T.
Léger), Erupa sp. ( c© T. Léger), Heliothela ophideresena ( c© D. Hobern), Scoparia sp., Crambus lathionellus ( c©
F. Bauer).
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Phylogenetic analyses

ML and BI (Fig. 2.1) provide largely congruent relationships among subfamilies. Topological incongruences
between the ML and the BI analysis show poor support in both analyses. The positions of Linosta (Linostinae)
and Erupa Walker, 1864 (Erupini) differ in both analyses, but none of these placements is strongly supported. 65%
of among-subfamilies relationships and 81% of infra-subfamilies relationships show substantial support (BS> 70).
Analysis of the no-syn dataset (Suppl. Fig. B2) shows overall lower node support, with substantial support (BS>
70) recovered for 58% of among-subfamilies relationships and 60% of infra-subfamilies relationships. The topology
recovered from the no-syn dataset shows ten nodes in discordance with the ML analysis of the standard dataset.
Some alternative groupings are recovered with substantial support: Rupela (Schoenobiinae) branches at base of
the Acentropinae (BS=77) as recovered in Regier et al. (2012), and Erupa groups with Hoploscopa Meyrick, 1886
(BS=77). These phylogenetic incongruences are discussed in the section “Phylogenetic relationships” below.

Missing data

Our approach of combining datasets from different studies aims to expand gene and taxon sampling. However,
merging datasets with different gene samplings may result in blocks of missing data that can result in misleading
phylogenetic reconstructions (Lemmon et al., 2009; Simmons, 2012). The analysis excluding the Regier dataset
(not shown) does not show any discrepancies compared to the analysis of the complete dataset, but several deep
nodes within the Crambidae show a decrease in support. This observation is in line with a previous study analysing
the effect of missing data when combining different datasets (Cho et al., 2011).

Phylogenetic relationships

Our analyses confirm the basal split of Pyraloidea into Crambidae and Pyralidae, which is well supported by
morphological and molecular evidence (Minet, 1982; Mutanen et al., 2010; Regier et al., 2012). Relationships
among the five subfamilies of Pyralidae are widely concordant with the findings of Regier et al. (2012) and
are strongly supported (BS> 95). One exception is the clade including Gallerinae and Chrysauginae, which is
supported only in half of the analyses of Regier et al. (2012). In our analyses, it is either recovered with strong
support (BS=96) or with weak support in the analysis of the conc10genes nosyn dataset. Chrysauginae are
recovered monophyletic, but only BI provides substantial support for it (pp=1.00, BS=56). Chrysauginae were
found paraphyletic with respect to Galleriinae in Regier et al. (2012), and the authors raised doubt regarding
the monophyly of this group. Solis & Mitter (1992) proposed a sclerotized ring around the base of the larval SD1
seta as apomorphy for the group, and characters of the male forewing venation are suspected to be apomorphic.
Crambidae are recovered monophyletic with maximum support (BS=100) and show a basal dichotomy into the “PS
clade” comprising Pyraustinae and Spilomelinae (BS=100), and another moderately supported “non-PS clade”
including all remaining Crambidae (BS=88), in line with the results from Regier et al. (2012). Relationships
within the Spilomelinae are surprisingly poorly resolved, with only the clade referred to as “Euspilomelinae” in
Mally and al. (2019) showing substantial support (BS=85). The broad taxon sampling and the integration of
morphological characters in the Bayesian reconstruction possibly explain the better branch support observed in
Mally et al. (2019).

We find the non-PS clade of Regier et al. (2012), comprising Acentropinae, Crambinae, Glaphyriinae,
Midilinae, Musotiminae, Odontiinae, Schoenobiinae and Scopariinae, to also include Cathariinae, Cybalomiinae,
Heliothelinae, Hoploscopinae stat. n., Lathrotelinae and Linostinae, with moderate support (BS=88) in the ML
analysis. Basal relationships among Cathariinae, Cybalomiinae, Glaphyriinae, Linostinae, Odontiinae and the
CAMMSS clade do not show significant support (BS< 50). Linostinae are found to be sister to Glaphyriinae +
Cybalomiinae + Cathariinae without support in the ML analysis, while in the BI they are placed as sister to the
CAMMSS clade (pp=0.84). The absence of a proboscis and ocelli as well as the reduced labial palpi supported the
sister relationship between Linosta and Niphopyralis in Solis & Maes (2002), but this relationship was questioned
by the authors due to the nature of the character changes (three losses) and the different geographical occurrences
of these lineages (Neotropics and Oriental-Australasian, respectively). The position of Niphopyralis within Spi-
lomelinae (Suppl. Fig. B1) is in line with Regier et al. (2012) and Mally et al. (2019), while Linosta is recovered
in the “non-PS clade” (with as of yet unresolved sister-group relationship). The reductions of these morphological
characters thus appear to be convergent in the light of these results. Our analyses recover Linostinae, Cathariinae
and Cybalomiinae in the Odontinae + Glaphyriinae clade (“OG clade”) of Regier et al. (2012), although with
low support in the ML analysis (BS=53, pp=0.99). When Linosta is excluded from the analysis (not shown),
the OG clade shows strong support (BS=98), confirming the rogue behavior of Linosta in our analyses. Both
analyses recover a clade comprising Cathariinae, Cybalomiinae and Glaphyriinae, but only BI provides strong
support for this grouping (pp=0.98; BS=50 when Linosta excluded). Glaphyriinae are separated in two clades:
Cosmopterosis + (Crocidolomia + (Trischistognatha + Evergestis)) (BS=100), and Noorda + (Hellula +, (Di-
chogama + (Chalcoela + Dicymolomia))) (BS=82, pp=0.95). Cathariinae are sister to the first clade (BS=60,
pp=1; BS=73 when Linosta excluded). In the morphologyy, the absence of a gnathos in males of Cathariinae is
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also reported in many Glaphyriinae, but this character was shown to vary greatly in this group (Munroe, 1972;
Regier et al., 2012; Solis & Adamski, 1998b). The biology of the immatures however differ, Catharia pyrenaealis
larvae feed on Heliosperma alpestre (Caryophyllaceae; Krone, 1905) and were also found feeding on Saxifraga op-
positifolia (Saxifragaceae), Cerastium pedunculatum (Caryophyllaceae), Saxifraga aphylla (Saxifragaceae), Silene
acaulis (Caryophyllaceae) (Schmid, 2019). Cathariinae hence do not share the Brassicales-feeding in larval instars
with Glaphyriinae and Cybalomiinae. Cybalomiinae, here represented by four genera, are recovered monophyletic
(BS=100) and are found nested within Glaphyriinae, but their position remains ambiguous. Larvae of this sub-
family almost exclusively feed on Brassicales, a trait shared with most Glaphyriinae, which suggests a common
origin of this feeding habit in the two groups. Our results suggest a broad concept of Glaphyriinae including
Cathariinae and Cybalomiinae. However, weak support precludes us from any systematic changes for now, but
highlights these groups as the ones that are most in need of systematic clarification in future works.

The “CAMMSS clade” sensu Regier et al. (2012), comprising Acentropinae, Crambinae, Midilinae, Mu-
sotiminae, Schoenobiinae and Scopariinae, includes here also the Lathrotelinae, Hoploscopinae stat. n. and
Heliothelinae s. str. (BS=92). Basal relationships between Lathrotelinae, Musotiminae, the “wet habitat clade”
of Regier et al. (2012) comprising the Acentropinae, Midilinae and Schoenobiinae, and the clade including Cram-
binae, Erupini, Heliothelini, Hoploscopini and Scopariinae do not show substantial support in the ML analysis,
while BI supports a clade comprising the Lathrotelinae and Musotiminae as sister to all other lineages of the
CAMMSS clade. Lathrotelinae are recovered monophyletic (BS=100) and they are confirmed as part of the
CAMMSS clade (BS=92) as hypothesized by Minet (2015) based on the shared use of monocotyledons as larval
host plants. The author discussed morphological characters shared with Acentropinae, e.g. the dorsal position
of the lobulus (=tympanic crest) and the presence of well-developed venulae secundae. The latter character has
however been shown to vary greatly in Crambidae (Léger et al., 2019b). Lathrotelinae are found sister to Mu-
sotiminae, although without significant support in the ML analysis (BS=42, pp=1.00). The lathroteline genus
Sufetula shares with Musotiminae the undulating wing margin and the absence of chaetosemata and ocelli. In
contrast, Musotiminae lack the CuP on the forewings which are present in Lathrotelinae, and males bear a gnathos
(absent in Lathrotelinae) and display secondary sexual characters (absent in Lathrotelinae) (J. Hayden, 2013).
Musotiminae are recovered monophyletic with maximal support. The clade comprising Acentropinae, Midilinae
and Schoenobiinae refered to as the as “wet habitat clade” by Regier et al. (2012) is recovered monophyletic,
however with weak support in the ML analysis (BS=71, pp=1.00). Hendecasis, flagged as rogue taxon, is recov-
ered within the wet habitat clade as sister to Midilinae (Suppl. Fig. B1), however without significant support
(BS=35). This genus is currently placed in Cybalomiinae, although wing shape and pattern resemble those of
musotimine moths. Our analysis refutes this placement, and shows Hendecasis to belong to the “CAMMSS
clade”. Acentropinae and Schoenobiinae form a sister-group with strong support (BS=94). This clade is one
of the few relationships within Crambidae which is well supported by morphological evidence (Mart́ınez, 2010;
Passoa, 1988; Yoshiyasu, 1985). Monophyly of Acentropinae is well supported (BP=97), while monophyly of
Schoenobiinae shows moderate support (BS=84, pp=1.00). However, analysis of the no-syn dataset recovers
Rupela as nested in the Acentropinae (BP=79). This result is similar to that of Regier et al. (2012), where
Rupela was recovered as sister to Acentropinae in analyses of their 19-genes dataset, rendering Schoenobiinae
paraphyletic. They argued that this position is due to large portions of missing data in their 19-genes dataset.
Indeed, nine morphological characters support the monophyly of Schoenobiinae including Rupela (Common, 1960;
Lewvanich, 1981; Mart́ınez, 2010; Passoa, 1988), while no synapomorphy shared by Rupela and Acentropinae is
known (Regier et al., 2012). We assume that the weak number of informative sites in the no-syn dataset explains
this ambiguous grouping. The clade including the Crambinae and Scopariinae in Regier et al. (2012) is confirmed
here and also includes the Erupini and the Heliothelinae, with maximum support (BS=100). The Heliothelinae
are polyphyletic: Hoploscopini are recovered as sister to the remaining groups of this clade (BS=84), while He-
liothelinae s. str. are found sister to Scopariinae (BS=95). The sclerotized thorn invaginated into the corpus
bursae in female genitalia, considered as apomorphic for this group by Nuss (1998), now appears homoplastic in
the light of these results. Hoploscopini were found sister to Musotiminae by Léger et al. (Léger et al., 2019b), a
topology that found echo in the biology of the immatures, both groups being fern-feeders. Larval morphology of
the Hoploscopini suggests close relationship either to the Crambinae or to Acentropinae + Schoenobinae (Mally
et al., 2017). The sister relationships between Heliothelinae s. str. and Scopariinae finds echo in the morphology:
Minet (1982) showed the Heliothelinae and Scopariinae to have a similar tympanal organ and wing venation, while
he recognized substantial differences in male and female genitalia. Nuss (1998) justified the separation of Helio-
thelinae s. l. from the Scopariinae by the presence of a thorn in the female corpus bursae (absent in Scopariinae)
and the lack of an appendix bursae (present in Scopariinae). The latter is however absent in all basal lineages of
Scopariinae and does not represent an apomorphy for this group (Léger et al., 2019b). Heliothelinae s. str. also
lack the median discoidal X-shaped stigma suggested as synapomorphy for Scopariinae (Nuss, 1999). Habitat and
biology of Heliothelinae s. str. and Scopariinae also differ from each other. Heliothelinae s. str. occur in warm
and dry lowlands of the Old world and Australia, and their larvae are endophagous on Violaceae. In contrast,
Scopariinae occur in moist habitats and their larvae are moss-feeders. The present topology leaves us with a
choice of considering Heliothelinae as a separate subfamily or as part of the Scopariinae. Due to morphological
and ecological differences of the two taxa, we decide here to keep Heliothelinae s. str. and Scopariinae as separate
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taxa. As Hoploscopini are recovered as sister to Heliothelinae, Scopariinae and Crambinae, it is raised here to
subfamily rank, i.e. Hoploscopinae stat. n. The position of Erupini in this clade remains ambiguous. Erupa
was alternatively placed in Schoenobiinae (Bleszynski, 1966), Crambinae (Lewvanich, 1981, Munroe, 1995) and
finally in Midilinae (J. E. Hayden, 2012), and was recovered as sister to Crambinae by Léger et al. (2019a), but
only with support from the BI analysis. Current analyses refute a placement of Erupa in Midilinae, but detailed
relationship remains obscure due to lack of support. Interestingly, the analysis of the no-syn dataset (Suppl. Fig.
B2) pairs Hoploscopa with Erupa (BS=77). This relationship is recovered here for the first time and is in conflict
with the result provided by the analysis of the standard dataset. Analysis of the morphology in both groups
did not reveal any possible synapomorphy. Noteworthy, the taxon Odilla Schaus, 1940, placed by Hayden (2012)
along with Erupini in the Midilinae, displays brownish forewings with a white postmedian blot that resemble those
of Perimeceta species. Inclusion of further taxa such as Neerupa Hampson, 1919, Schoenerupa Hampson, 1919
(Erupini) and Perimeceta Turner, 1915 (Hoploscopinae) might shed more light onto the placement of Erupini.

Host plant utilization

Inclusion of five new lineages in a phylogenetic frame sheds more light into host plant evolution in Crambidae.
Host plant patterns and switches are paralleled with other cases in Lepidoptera. In the following, we treat feeding
habits by plant group.

Eudicotyledons. Eudicotyledons, or flowering plants, represent the bulk of angiosperms diversity with a diver-
sity estimated to nearly 400’000 species. All eudicotyledons are treated here, except the Brassicales treated in the
next paragraph. Odontiinae, Pyraustinae and Spilomelinae feed on a broad spectrum of eudicotyledons (Mally
et al., 2019; Munroe & Solis, 1998; Robinson et al., 2010), and Cybalomiinae and Glaphyriinae are specialists on
brassicales. Larvae are leaf folders, lear tiers, or bore in fruits or stems (Munroe & Solis, 1998). The dominance
of eudicotyledon in the host plants spectrum of the “PS” and the “OG clade” suggest them as the likely ancestral
host plant of the Crambidae. Switch to host plants such as monocotyledons, pterydophytes or bryophytes is
considered secondary.

Brassicales. Brassicales are characterized by the presence of mustard oils or glucosinolates. These chemical com-
pounds form toxic isothiocyanates when they interact with myrosinases stocked in myrosin cells (Halkier & Ger-
shenzon, 2006). The families Brassicaceae, Capparaceae and Cleomaceae form the bulk of Brassicales diversity.
In Crambidae, the Cybalomiinae and Glaphyriinae feed predominantly on Brassicaceae and Capparaceae. Larvae
of Noorda feed on Moringa (Moringaceae) whose species also contain glucosinolates (Fahey et al., 2018). Inter-
estingly, Trischistognatha is reported to feed on Drypetes (Putranjivaceae), which is the only family outside of
the Brassicales that developed mustard oil (Hall et al., 2002). The position of Trischistognatha nested within
the Glaphyriinae speaks for a host-plant switch from an ancestral Brassicales host-plant to Drypetes. A similar
host-plant switch to Drypetes is observed in Brassicales-feeding Pieridae (Braby & Trueman, 2006). There are
notable exceptions in feeding habits of glaphyriine larvae: a few specialists are reported feeding on Cyperaceae
(Typha spp.) or lichens, or parasiting Lepidoptera or Hymenoptera larvae (Munroe & Solis, 1998). Mechanism of
metabolization of glucosinolates is known for other brassicales-feeding Lepidoptera: Plutella xylostella (Linnaeus,
1758) and Pieris rapae Linnaeus, 1758 use the enzyme glucosinolate sulfatase (Ratzka et al., 2002) or redirect
the hydrolysis of the glucosinolates into nitriles (Wittstock et al., 2004). Not much is known about the way
Cybalomiinae or Glaphyriinae metabolize glucosinolate, but Crocidolomia pavonana (Fabricius, 1794) appears to
be resistant to isothiocyanate, while it is lethal to P. xylostella, suggesting the existence of a different metabolic
pathway of processing glucosinolates (Tadle, 2017). In Crambidae, four other taxa are feeding on Brassicales: two
midiline taxa are reported from Capparaceae, while some pest species of Chilo and Talis (Crambinae) have been
recorded from Brassicaceae (Robinson et al., 2010). This implies that the ability to metabolize glucosinolates was
retained in these taxa, or that it evolved independently.

Monocotyledons. Monocotyledons encompass 60,000 species and include notably Poaceae, Cyperaceae and Are-
caceae used as host plants by a substantial number of Crambidae species. The subfamilies Acentropinae, Crambi-
nae, Lathrotelinae, Midilinae and Schoenobiinae of the CAMMSS clade are predominantly feeding on monocotyle-
dons. Lathrotelinae are reported feeding on Carex spp., Cyperaceae (Diplopseustis), Arecaceae (Diplopseustis,
Sufetula), Poaceae (e.g. S. grumalis, a pest on sugarcane) and recently on Bromeliaceae (S. anania) (Gaedike,
2010; Genty & Mariau, 1975; Patrick, 1994; Robinson et al., 2010; Séın, 1930; Solis et al., 2019). In Midilinae,
Cacographis and Eupastrania are reported boring on roots of palm trees (Aracaceae), while Dolichobela and
Styphlolepis were found feeding on Capparaceae. A majority of larvae of Crambinae and Schoenobiinae larvae
bore in grasses of the Cyperaceae and Poaceae, with feeding on roots or at base of grasses considered derivated in
Crambinae (Léger et al., 2019b). Acentropinae are unique in the adaptation of larvae to live in aquatic habitats.
Foodplant include aquatic monocotyledons alongside with aquatic Pterydophyta and dicotyledons. The recov-
ering of the Lathrotelinae within the CAMMSS clade reinforce the hypothesis of a monocotyledon as ancestral
host plant of the group, but pterydophytes is another likely ancestral host plant for this clade. Monocots-feeders
outside of the CAMMSS clade are scarce. In the Spilomelinae, the Cnaphalocrocis group forms a major radiation
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on monocots (Léger et al., 2019b).

Pteridophyta. Ferns are rather uncommon as host plant in insects (Auerbach & Hendrix, 1980). They con-
tain simple phenolic compounds, tannins and several other chemicals that act as defence against bacteria, fungi
and herbivores, but they lack compounds like acetylenes or glucosinolates found in angiosperms (Cooper-Driver,
1985). High concentrations of phytoecdysteroids are found in some fern taxa, e.g. Polypodiaceae (Lafont et al.,
2011). Fern-feeding habits are scarcely represented in lepidopteran lineages, and exclusive or nearly-exclusive
associations to ferns are observed only in a few lepidopteran lineages, e.g. Callidulidae, Lithinini (Geometridae),
Psychoides Bruand, 1853 (Tineidae), Pachyrhabda Meyrick, 1897 (Oechophoridae) and Callopistria Hübner,
1821 (Noctuidae) (Auerbach & Hendrix, 1980; Weintraub et al., 1995). Crambidae exhibit two lineages feeding
on ferns: Hoploscopinae and Musotiminae. These two subfamilies currently include 20 and 194 described species,
respectively. For Hoploscopinae, ongoing work describes 26 new species and estimates another 30 species await-
ing description (Léger et al., 2019a). Hoploscopinae occur in South-East Asia and Melanesia, where diversity of
Pteridophyta is at its highest (Ebihara & Kuo, 2012). Our finding of Hoploscopinae and Musotiminae in different
clades speaks in favour for an independent evolution of fern feeding in these two groups. Further cases of fern feed-
ing in Crambidae are known from Epipagis miltochristalis (Hampson, 1896), Psara platycapna (Meyrick, 1897),
Samea multiplicalis (Guenée, 1854), Udea decrepitalis (Herrich-Schäffer, 1848) (all Spilomelinae) and Phenacodes
aleuropa (Lower, 1903) (Scopariinae) as well as several Acentropinae feeding on aquatic pteridophytes (Robinson
et al., 2010).

Bryophyta. Bryophyta forms a paraphyletic assemblage comprising liverworts, mosses and hornworts (Wickett
et al., 2014). These groups represent the earliest lineages of land plants and originated in the Carboniferous
(Hübers & Kerp, 2012). In Pyraloidea, moss-feeding habits are found in Scopariinae and in some species of cram-
bine Agriphila Hübner, 1825, Catoptria Hübner, 1825, Gadira Walker, 1866 and Glaucocharis Meyrick, 1938. The
early-branching crambine lineage Glaucocharis also feeds on mosses, raising the question whether moss-feeding
habits observed in Crambinae and Scopariinae are the result of a single origin, or represent convergence evolution.
Heliothela Guenée, 1854, recovered sister to Scopariinae in this study, is known to feed upon Lamiaceae and
Violaceae, contrasting with moss feeding habits of Scopariinae. Host plants of Erupini are currently unknown,
but monocotyledons were suggested by Hayden (2012). Additional host plant data for Erupini as well as for the
basal scopariine lineage Anarpia Chapman, 1912 (Léger et al., 2019b) would shed light on the evolution of moss
feeding habits in Crambinae and Scopariinae. Interestingly, several moss feeding species of Agriphila, Catop-
tria (Crambinae) and Eudonia Billberg, 1820 (Scopariinae) from New Zealand show congeneric taxa feeding on
grasses, and some species have been reported feeding on both plants (Robinson et al., 2010). Larvae of these feed
at the base of grasses, suggesting that spatial proximity rather than phytochemistry led these host plant switches
to mosses.

Summary and outlook

We provide the first phylogeny comprising all subfamilies of Crambidae and including pyraloid molecular datasets
from major previous phylogenetic studies (Heikkilä et al., 2015; Kawahara & Breinholt, 2014; Léger et al., 2019b;
Mally et al., 2019; Mutanen et al., 2010; Regier et al., 2012) and from published genomes or transcriptomes
(Challis et al., 2016; Renuka et al., 2017) as well as our own sequences. The synergetic effect of these molecular
datasets lead to an increase of support for several clades found in Regier et al. (2012), and provide placement for
Cathariinae, Cybalomiinae and Linostinae, although without well supported sister-relationships. The Cathariinae
and Cybalomiinae are recovered in a clade together with the Glaphyriinae, with which the Cybalomiinae share
the Brassicales as host plant. The Heliothelinae s. l. are found to be polyphyletic and are therefore split into
Heliothelinae s. str. and Hoploscopinae stat. n., and both are recovered in a well-supported clade together
with Crambinae, Erupini and Scopariinae. The exclusion of synonymous mutations results in a different place-
ment of Erupini with respect to Hoploscopinae and for Schoenobiinae with respect to Acentropinae, providing
alternative hypotheses to be tested with a greater set of molecular characters. The close relationship between
Cybalomiinae and Glaphyriinae suggest one origin of the Brassicales feeding habits in both groups. Fern feeding
habits, observed in the Musotiminae and recently reported in the Hoploscopinae (Mally et al., 2017), evolved
independently in these two lineages. A common origin of moss-feeding habits in Crambinae and Scopariinae is
challenged by the sister-relationship of Scopariinae and Heliothelinae, the latter feeding on Violaceae in larval
stages. The hundred taxa included in the present study constitute a tiny fraction of the nearly 16,000 described
Pyraloidea. Intra-subfamily relationships of four of the most species-rich subfamilies (Crambinae, Pyraustinae,
Scopariinae and Spilomelinae) were the scope of two recent phylogenetic studies (Léger et al., 2019b; Mally et al.,
2019) and helped to comprehensively sample these groups in order to span over their molecular diversity. A
better understanding of phylogenetic relationships in other species-rich groups like the Acentropinae, Odontiinae,
Glaphyriinae, Schoenobiinae by dedicated studies is necessary to better sample these groups in future studies
adressing the Crambidae phylogeny. Phylogenomics has been widely used in reconstructing relationships across
all Lepidoptera (e.g., Bazinet et al., 2017; Kawahara & Breinholt, 2014; Kawahara et al., 2019), or in butterflies
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(Li et al., 2019; Toussaint et al., 2018). With the ever decreasing costs of high-throughput sequencing, the use
of genomic methods in future projects on pyraloid phylogeny holds the promise of a hundred-fold increase in the
size of dataset and the possibility to include museum specimens of rare taxa.
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INTRODUCTION

Hoploscopini is comprised of two genera, Hoploscopa 
Perimeceta

and preimaginal stages as well as larval food plants were 

not been assigned to this tribe. The nocturnal adults are 
recorded from mountainous habitats and are attracted by 

from 7 to 10 mm in Hoploscopa and from 11 to 13 mm in 
Perimeceta
various markings of diagonal stripes, ellipses, or silvery 

Scopariinae without an explanation for doing so, but Nuss 

grouping. Later, Hoploscopini were included in Heliothelinae 
based on the conspicuous, inwardly directed spine in the 

The Heliothelinae, originally established as a tribe within 

analyses may show whether one of these or even another 

hoploscopine larvae on fern fronds at Mount Kinabalu (Sabah, 

information of food plants of Hoploscopini.

MATERIAL & METHODS

the undersides of fern fronds, which were unfolded and 
unwebbed. They were taken with the plants on which they 
were found for rearing purposes down to Kota Kinabalu at 
sea level, where rearing efforts were continued using fern 
species from the lowlands. None of the larvae accepted this 
alteration in food, climate, and elevation, and all the larvae 

deposited at the University Museum of Bergen, Norway.

region of the mitochondrial cytochrome C oxidase subunit I 

with a universal T7/T3 tail (Wahlberg & Wheat, 2008). We 

Taxonomy & Systematics
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Cycling conditions were as follows: initial denaturation for 

PCR success was evaluated via gel electrophoresis on a 

enzymes were added to 8 l of PCR product and the mixture 

interface (Silvestro & Michalak, 2012). The ML analysis 
included a bootstrap test with 1,000 replications. The resulting 

(Stöver & Müller, 2010). We used the BIN numbers of the 

In addition to the "BC MTD" Barcode samples provided 
by MN, BOLD was mined for further relevant records. 

Hoploscopini we included Scopariinae in our search.

cut laterally, flattened, and preserved together with the 

examination. The second larva was left intact in order to 
study the length and direction of the setae. Terminology of 
larval morphology, especially chaetotaxy, follows Hasenfuss 

RESULTS

Weather conditions were cloudy, but not rainy, with high 

Material examined. Two larvae: Malaysia, Sabah, Mount 
Kinabalu National Park, Mesilau, western edge of Mount 

Museum of Bergen, Norway).

Molecular identi cation of the larva.

nucleotide blast tool resulted in a closest match with three 
specimens of “Scopariinae sp.” originating from Papua New 

these specimens on BOLD allowed us to identify these 
three and another seven specimens, altogether forming four 
barcode-species, as belonging to the genus Hoploscopa, and 
the information was corrected accordingly in the BOLD 
database.

Hoploscopa and Perimeceta available to us on BOLD in a 
ML analysis. The species whose larva we describe here is 
sister to the species pair Hoploscopa Hoploscopa 

Hoploscopa specimens 
that we collected in Mount Kinabalu National Park (see 

species of Hoploscopa

Perimeceta, the other genus of Hoploscopini with four 
species included in this analysis, is sister to Hoploscopa in 

BOLD.

Morphological description of the larvae. The larvae are 

prespiracular group of the prothorax and three subventral 

subgroups in this family. The closest similarity is found with 

Hoploscopa larvae (centre and right) on the underside 
of a fragment of their food plant, Dicranopteris linearis (Burman, 
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Hoploscopa 
Hoploscopa

Heliothela wulfeniana 

behind the taxon names, followed by the BOLD Sample ID in brackets, and the geographical origin of the sample. Known host plants 

bar represents number of substitutions per site.

abdominal legs normal developed, crochets with two to three 

located caudal of the lines connecting D1 and SD1 as well as 
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number was used as species epithet.

Taxon
BOLD BIN

(No. of Sampled 
Specimens)

Geographical 
Origin

GenBank Accession 
Number BOLD Sample ID

Heliothela wulfeniana
(n = 1)

Romania

Hoploscopa luteomacula
(n = 1)

Indonesia, Sumatra

Hoploscopa obliqua
(n = 3)

Hoploscopa
(n = 1)

Malaysia, Sabah

Hoploscopa
(n = 3)

Indonesia, Sulawesi

Hoploscopa
(n = 2)

Philippines, Luzon

Hoploscopa
(n = 2)

Indonesia, Sulawesi

Hoploscopa
(n = 1)

Malaysia, Sabah

Hoploscopa
(n = 1)

Malaysia, Sabah

Hoploscopa
(n = 1)

Indonesia, Sumatra

Hoploscopa
(n = 1)

Indonesia, Sumatra

Hoploscopa
(n = 1)

Malaysia, Sabah BC MTD Lep 03001

Hoploscopa
(n = 1)

Malaysia, Sabah BC MTD Lep 03003

Hoploscopa
(n = 3)

Hoploscopa
(n = 1)

Hoploscopa
(n = 3)

Hoploscopa
(n = 1)

Malaysia, Sabah BC MTD Lep 03002

Perimeceta incrustalis
(n = 1)

Indonesia, Sumatra

Perimeceta niphospila
Queensland
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II–III, IIIa macroscopic. Our larvae differ from Hasenfuss’ 

lateral of bifurcation of epicranial suture (instead of more 

of larger).

Head.

variable in position, slightly lateral between V2 and V3 or 

and V1, pore Pb ventral of P2, pore Pa in the centre of P1, 

halfway of dorsoventral expanse of the frontal area, pore 

undulated, C1 on lateral end, C2 halfway between C1 and 

semicircle, O1 in its centre, O2 posterior of stemma 1, 

pore SOa anterior of SO3.

Taxon
BOLD BIN

(No. of Sampled 
Specimens)

Geographical 
Origin

GenBank Accession 
Number BOLD Sample ID

Perimeceta niphotypa
(n = 1) South Wales

Perimeceta sp. near leucoselene
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Thorax. 
well as dorsal, subdorsal and lateral pinacula strongly 
sclerotised, black, subventral and ventral pinacula less so. 

of coxal band, MV3 microseta between the two anterior 
coxal macrosetae, a third microseta posterodorsally close 

and T3 identical: bisetose dorsal and subdorsal pinacula 

microseta anterior of D2, MSD1–2 microsetae anteroventral 

lateral pinaculum including L3 is missing on one body 

V1 posteroventral of leg.

Abdomen.
pinacula and the unisetose (SD1) subdorsal pinaculum 

bisetose (L1–2), the posteroventral unisetose (L3), setae of 

microseta on anterior segment edge between subventral 

covering the dorsum, bearing one long seta (D2) on each 

MD1 on anterior segment edge between dorsal and subdorsal 

(SV1) and one ventral (V1) seta, with MV3 on anterior 
segment edge between SV1 and V1. Unpaired anal shield 

posteroventral of anal shield on dorsal tip of a lanceolate, 

three concentric rows of outward-directed hooks, the outer 
circle bearing the shortest hooks and the inner circle the 

Food plant records. The larvae were found on Dicranopteris 
linearis

fronds, which did not show any traces of frass. In captivity, 
they fed on this plant species from the outer edge of the 

lowland of Kota Kinabalu, but these were rejected and the 
larvae died.

The search for related species on BOLD resulted in the 

ferns as well: Hoploscopa Hoploscopa
and Hoploscopa obliqua
Diplazium esculentum

Hoploscopa
Sphaerostephanos unitus
(Thelypteridaceae), and Perimeceta sp. near leucoselene 

Asplenium nidus

DISCUSSION

belong to six species, and all are included in our analysis 
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or Thelypteridaceae (all three Polypodiales). These repeated 

are fern feeders. This fern-feeding habit contrasts with the 

one of its species, Heliothela wulfeniana
the angiosperm genera Viola 
and Mentha

Phenacodes

Herpetogramma sphingealis 
H. aeglealis

and H. platycapna
Diasemiopsis ramburialis 

Udea decrepitalis

Based on the diagnostic characters of the chaetotaxy provided 

shares the most larval similarities with Hoploscopa. One 
character that differs in Hoploscopa is the presence of an L2 

character state may turn out to be a synapomorphy for a group 

subfamilies is currently not possible, as descriptions of 
larvae of Cathariinae, Lathrotelinae, Linostinae, Midilinae, 
and Heliothelini are still lacking.

for Hoploscopa. This is precisely the number of species so far 
described in the genus, but some known species are recorded 

with those included in our analysis. This, as well as the long 
terminal branches of some taxa in our analysis, point to a 
large proportion of still undescribed species in Hoploscopa, 

Hoploscopa based on material in 
entomological collections. The inability to link the larvae 
from Mount Kinabalu with any of the collected adults 

Hoploscopa 

study of altitudinal and chronological occurrence as well as 
of food plant usage in Hoploscopini will contribute to our 
understanding of speciation in this still poorly studied group.
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Abstract
Hoploscopa Meyrick (Lepidoptera: Crambidae) is a fern-feeding genus found in montane areas of South-
East Asia and Melanesia, eastwards up to the Samoan Islands. It includes sixteen described species, with 
at least 70 further undescribed species known from scientific collections. An iterative approach including 
morphological and molecular characters was used in order to explore the diversity of Hoploscopa. The 
hitherto described species are revised, and descriptions authored by T. Léger and M. Nuss are provided 
for an additional 26 new species: H. agtuuganonensis sp. nov., H. albipuncta sp. nov., H. albomaculata sp. 
nov., H. anacantha sp. nov., H. boleta sp. nov., H. cynodonta sp. nov., H. danaoensis sp. nov., H. gombongi 
sp. nov., H. gracilis sp. nov., H. ignitamaculae sp. nov., H. isarogensis sp. nov., H. jubata sp. nov., H. 
kelama sp. nov., H. kinabaluensis sp. nov., H. mallyi sp. nov., H. marijoweissae sp. nov., H. matheae sp. 
nov., H. niveofascia sp. nov., H. pangrangoensis sp. nov., H. parvimacula sp. nov., H. pseudometacrossa sp. 
nov., H. sepanggi sp. nov., H. sumatrensis sp. nov., H. titika sp. nov., H. tonsepi sp. nov., H. ypsilon sp. 
nov. Using a protocol specific for the amplification of DNA from old museum specimens, we recovered 
101 COI barcodes for all but one of the newly described species, with 76 being larger than 487 bp. Spe-
cies delimitation analyses suggest cryptic diversity, with six cases reflecting allopatric divergence, and two 
further cases found in sympatry.
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Introduction

South-East Asia is home to a rich biodiversity encompassing three of the 25 world’s 
biodiversity hotspots (Myers et al. 2000). Pyraloidea is one of the largest superfamilies 
of Lepidoptera in the Oriental region, with 3,771 known species (Heppner 1998). 
Much of its diversity for this region remains to be described in this group (Nuss 1998, 
Sutton et al. 2015). Hoploscopa Meyrick best illustrates this knowledge gap, with 16 
species currently described and more than 70 species awaiting description (Robinson et 
al. 1994). Hoploscopa moths display elongated brown forewings often with median and 
postmedian diagonal pale yellow to red markings. The genus is distributed across the 
Oriental and Australasian regions, ranging from the Malay Peninsula eastwards to the 
Samoa Islands, but is virtually absent from the tropical rainforests of Northern Queens-
land, Australia. A recent study reported the larvae to feed on ferns (Mally et al. 2017).

Nuss (1998) synonymised Syncrotaula Meyrick, a replacement name for Eudorina 
Snellen, with Hoploscopa, and transferred twelve species to it. The author also provided 
a checklist of the genus and described one new species. Robinson et al. (1994) erected 
the tribe Hoploscopini within Scopariinae for Hoploscopa (= Syncrotaula) and Perimec-
eta Turner. Nuss (1998) transferred the Hoploscopini to the Heliothelinae based on the 
shared inwardly directed spine of the corpus bursae in the female genitalia. Perimeceta, the 
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only other genus included in the Hoploscopini, is distributed from Java to South Australia 
and its larvae also feed on ferns (Miller et al. 2015, Mally et al. 2017). The systematic 
placement of Hoploscopini is still a matter of debate, with some authors grouping them 
together with Heliothelini in the Heliothelinae (Nuss 1998), while others consider the He-
liothelinae an ingroup of Scopariinae (Leraut 1980, Minet 1982, Munroe and Solis 1998). 
The first molecular-based phylogeny including representatives of Hoploscopa suggest it to 
represent a separate lineage outside of Scopariinae + Crambinae (Léger et al., 2019).

This paper aims at establishing an iterative approach following Yeates et al. (2011) 
for species discovery and description in Hoploscopa, serving as a first step of a compre-
hensive revision of the genus. With an iterative approach using morphology and COI 
barcode, we provide redescriptions for fifteen of the 16 described species and describe 
26 new species. Incongruence between morphology and molecular datasets, as well as 
possible factors that affected the evolution of the group are discussed.

Materials and methods

Material acquisition

Material collected on Borneo, Java, Fiji, the Malay Peninsula, North-Sulawesi, New 
Guinea, the Philippines, Samoa, Sumatra and Vanuatu was obtained from the Mu-
seum für Tierkunde Dresden (MTD), the British Natural History Museum, London 
(NHMUK), the United States National Museum, Washington (USNM), the Museum 
für Naturkunde Berlin (ZMHB) and the Zoologische Staatsammlung München, Mu-
nich (ZSM). Examination of the type specimens of the previously described species, all 
deposited at the NHMUK, was done by TL during a visit at that institution.

Iterative approach

In order to test species hypotheses with two independent sets of characters, we fol-
lowed the best practice outlined by Schlick-Steiner et al. (2010), here referred to as 
“iterative taxonomy” (Yeates et al. 2011). This workflow started by sorting undescribed 
material to morphospecies based primarily on wing pattern, followed by examination 
of characters in male genitalia that show most variation. Subsequently, for each mor-
phospecies, specimens with slightly differing wing pattern and/or of each collecting 
locality were selected for amplification of the mitochondrial COI barcode. Finally, 
morphospecies with at least one obtained COI barcode sequence were considered for 
species description (with the exception of H. marijoweissae sp. nov.). If strong diver-
gence was observed in the COI barcode within a morphospecies, a second more careful 
examination of the specimens was conducted in the search of diagnostic characters, 
and COI barcode was sequenced for all specimens of the series. Specimens in poor 
conditions (i.e., wing pattern faded away, abdomen missing) or new species without 
male specimens available were not further considered for species description.
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Molecular work

One hundred and fifty-seven dried museum specimens were considered for DNA extrac-
tion. Assuming a higher degree of degradation due to the age of the dried specimens, DNA 
extraction and preparation of PCR samples for specimens collected before 1990 (referred 
to as “old sample”) were performed in the clean-room facility of the SGN-SNSD-Mol-lab 
at MTD. The abdomen (one or two legs if the abdomen could not be used) was carefully 
removed with sterilised pincers for DNA extraction, following a non-destructive method 
(Knölke et al. 2004) with the NucleoSpin Tissue kit (Macherey-Nagel, Düren, Germany) 
according to the manufacturer’s protocol. DNA quantity of old samples was measured 
with a NanoDropOne spectrophotometer. We followed a work flow previously used by 
other authors (Hebert et al. 2013, Mitchell 2015, Hundsdoerfer et al. 2017) by amplify-
ing up to five short overlapping fragments covering the COI barcode part (see Suppl. 
material 1: Fig. S1). Primers, amplicon length and amplicon overlap are listed in Suppl. 
material 2: Table S1. In the first step (recently collected samples only), amplification 
of the whole COI barcode sequence (658 bp) was attempted with the primer pair Hy-
bLCO/HybNancy, each flanked with universal primer tails (“Hyb-”) facilitating sequenc-
ing (Wahlberg and Wheat 2008). If amplification was not successful, we proceeded in the 
second step with the amplification of fragments 1a (LepF1/K699) and 1b (f220/LepR1 
or HybNancy). The latter reverse primer showed a slightly better performance with re-
spect to the amplification of fragment 1b and was preferentially used. If amplification of 
fragments 1a or 1b in step two failed, we proceeded in step three with amplification of 
fragments A, B, C (covering fragment 1a) and C, D, E (covering fragment 1b). PCR-mix 
included 2 μl of BIORON complete buffer 10× incl. Mg2+ (25 mM), 2 μl of each primer 
at 10pmol/μl, 0.4 μl of dNTP (each 10 mM), 0.2 μl of Taq polymerase BIORON (Bi-
oron DFS Taq, Ludwigshafen, Germany) ,1 μl (recent samples) or 1 to 8 μl (old samples) 
of DNA (depending on the quantity of DNA measured) and filled up with water to final 
volume of 20 μl. Alternatively, the AccuStart II GelTrack PCR SuperMix (2×) (Quanta 
BioSciences, Beverly, USA) ready-to-use mix was used in the following PCR-mix: 6.5 μl 
AccuStart ready-to-use-mix, 1 μl of each primer, 1–8 μl DNA and filled up with water 
to final volume of 25 μl. Initial denaturation at 95 °C during 5 min was followed by 42 
cycles of 30 sec denaturation at 95 °C, 40 sec hybridisation at 49 °C, 50 sec elongation at 
72 °C, with a final elongation at 72 °C for 10 min. Amplification success was checked by 
electrophoresis on 1 or 2% agarose gels, subsequently stained with GelRed and visualised 
under UV light. Sequencing was performed by Macrogen (Netherlands) using the origi-
nal PCR primers or the T7 and T3 sequencing primers (Wahlberg and Wheat 2008). Full 
COI-barcoding PCR products were sequenced in the forward direction only, while the 
shorter PCR products were sequenced in both directions.

Data analyses

Sequences were checked by eye and concatenated using PHYDE 0.9971 (Müller et 
al. 2005). In order to assess the amplification of the correct fragment, sequences were 
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blasted with the blastn program against the nucleotide collection (nt), as provided 
by the National Center for Biotechnology Information (NCBI). In order to iden-
tify potential nuclear pseudogenes, sequences were searched for indels, internal stop 
codons and double peaks in electropherograms, following Song et al. (Song et al. 
2008). Newly generated sequences (including ENA and BOLD accession numbers), 
as well as sequences retrieved from Barcode of Life Data System (BOLD, http://
v4.boldsystems.org/) are reported in Suppl. material 3: Table S2. For the phyloge-
netic analyses, PartitionFinder2 (Lanfear et al. 2017) was used to determine the best 
partitioning scheme using the AICc model and the greedy search algorithm (Lanfear 
et al. 2012). Partition for each of the three codon positions was recovered as the best 
model and subsequently used for further analyses. Maximum Likelihood (ML) analy-
sis was performed with RAxML (Stamatakis 2006) as implemented on the CIPRES 
portal (Miller et al. 2010), using the GTR+GAMMA substitution model and the best 
PartitionFinder scheme. Node support was estimated with 1000 thorough bootstrap 
replicates using the same algorithm.

Species delimitation

Two different methods were used to investigate species delimitation in our molecular 
dataset: Automatic Barcode Gap Discovery (ABGD) (Puillandre et al. 2012) and Gen-
eral Mixed Yule-coalescent method (GMYC) (Pons et al. 2006, Fujisawa and Barra-
clough 2013). These popular methods have been repeatedly used in DNA barcoding 
studies on Lepidoptera (Kekkonen and Hebert 2014, Dincă et al. 2015, Dumas et al. 
2015, Nakahara et al. 2019). We noticed a detrimental effect of non-compliant bar-
code sequences (< 487 bp) on the estimation of species in densely sampled clades (n > 
2), where these sequences were flagged as new species. Consequently, these sequences 
were removed to generate a COI_487 bp dataset. Distance-based analysis ABGD was 
calculated using the K80 Kimura distance model and X fixed to 0.5 on the dedicated 
platform (https://bioinfo.mnhn.fr/abi/public/abgd/abgdweb.html). Genetic distances 
are referred to as K2P-dist throughout the text.

The ultrametric tree required for the GMYC analysis was generated using BEAST 
1.10.4 (Suchard et al. 2018). The COI dataset was partitioned after codon position 
accordingly to the best PartitionFinder2 scheme. An uncorrelated relaxed clock with 
lognormal distribution was used and the Speciation: Yule Process model was set 
as tree prior model and other parameters were left unchanged. MCMC chain was 
set to 40 million generations, sampled every 1000th generation. Convergence was 
checked on Tracer (Rambaut et al. 2018) and the first 4 million generations were 
discarded as burnin. Species delimitation analysis was performed using the GMYC 
method as implemented in the R-package SPLITS (Ezard et al. 2009, Fujisawa and 
Barraclough 2013). The single-threshold option was used as suggested in Fujisawa 
and Barraclough (2013).
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Systematic treatment

Genitalia were mounted following the method of Robinson (1976). Photographs of 
the habitus of imagines were taken with an Olympus E-M1 with the Olympus M. 
Zuiko Digital ED 60 mm f/2.8 Macro Lens. Photographs of genitalia and measure-
ments were performed on a Nikon Eclipse 90i at the MTD. Images were subsequently 
enhanced on Adobe Photoshop CS6 and illustrations plates were created on Adobe 
Illustrator CS6. Collecting data of holotypes was copied exactly as found on the la-
bels, with vertical bars to mark line breaks. Abbreviations or translations are given in 
square brackets where judged meaningful. Paratype data are reported by country in 
alphabetical order, with information reported without indication of line change. Col-
lecting localities are reported as written on labels. Dates and collectors’ information 
were standardised and the latter placed in parentheses. The specimen depositories are 
reported with the use of the corresponding acronyms. GPS coordinates for localities 
were retrieved from the online platform geographic.org (https://geographic.org/geo-
graphic_names/) using the database of the National Geospatial-Intelligence Agency. 
Specimens whose conspecificity was uncertain were listed under “Other specimens 
examined”. Nomenclature follows that of Landry (1995), except for the use of the 
term phallus (Kristensen 2003). The colours “bronze”, “ochre”, and “tawny” refer 
to the Wikipedia list of colours by shade for brown (https://en.wikipedia.org/wiki/
Category:Shades_of_brown). Character description was facilitated by the use of Mes-
quite (Maddison and Maddison 2017) where each character was given a state, thereby 
allowing a better visualisation of character state variation as well as warranting consist-
ency among species descriptions.

Results

Molecular dataset

We obtained 101 COI barcodes ranging in length from 261 to 658 bp (mean length = 
545 bp), among them 76 barcode “compliant sequences” (> 487 bp) according to He-
bert et al. (2013). Ten non-compliant barcode sequences were kept in the final dataset 
for species with no or one barcode sequence. Fifteen further non-compliant barcode 
sequences were discarded from the final dataset (see Suppl. material 2: Tab. S1). We 
recovered the COI barcode for all but one (H. marijoweissae sp. nov.) species described 
in this paper and for seven of the sixteen previously described species. Twenty-five Hop-
loscopa sequences, as well as 13 sequences from the hypothesised sister-group Perimec-
eta were retrieved from BOLD and added to our dataset, totalling 124 COI barcode 
sequences including nine of the described species. Eleven species were represented by 
only one barcode sequence. Recovered fragments and total sequence length are sum-
marised in Suppl. material 3: Table S2. The oldest sample from which we could success-
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fully amplify COI sequence data were collected in 1955 (63 years old). The Maximum 
Likelihood analysis of the COI dataset is illustrated in Fig. 123, with bootstrap support 
(abbr. BS) more than 50 displayed on nodes. Genetic distances (K2P-dist) between all 
COI barcodes are reported in Suppl. material 4: Table S3.

Species delimitation

Analysis of the morphology allowed delineation of 39 species. Both ABGD and 
GMYC analyses highlighted 48 molecular operational taxonomic units (MOTUs) in 
Hoploscopa species, splitting seven of the morphospecies into two MOTUs, and one 
into three MOTUs (H. danaoensis sp. nov.). Six of these splits reflect allopatric diver-
gence. In each of the two species H. matheae sp. nov. and H. parvimacula sp. nov., 
there is one female from the Malay Peninsula recovered as a separate MOTU from 
other specimens from Borneo. In H. luteomacula, the two specimens from Borneo are 
recovered as a distinct MOTU to that of Sumatra. In H. albipuncta sp. nov., a female 
from Luzon (Philippines) was recovered in a MOTU distinct from that including the 
specimens from Borneo. Genetic differentiation is also observed among Philippines 
islands: specimens of H. danaoensis sp. nov. from Danao, Negros, and Mindanao rep-
resent three different MOTUs, while specimens of H. isarogensis sp. nov. from Luzon 
and Leyte are also recovered into two distinct MOTUs.

Sympatric divergence is observed in H. kinabaluensis sp. nov. and H. sumatrensis 
sp. nov. Hoploscopa kinabaluensis sp. nov. is split into two MOTUs representing sister 
clades and diverging from each other by 1.7–2.2%. In H. sumatrensis sp. nov., two 
separate MOTUs are recovered by the ML analysis in a clade with DNA samples BC_
MTD_LEP01421 (Hoploscopa sp. near sumatrensis) and BC_ZMBN_Lep00081 (larva 
of Hoploscopa sp.). The two H. sumatrensis MOTUs show a divergence of 4.1–6%. Sec-
ond MOTU, represented by samples MTD8258 and BC_MTD_LEP01422, include 
only females and need examination of male specimens.

Systematics

Hoploscopa Meyrick, 1886

Haploscopa Hampson, 1897: 223.
Syncrotaula Meyrick, 1933: 378. Type species Eudorina aurantiacalis Snellen, 1895, by 

subsequent designation (for Eudorina Snellen, 1895) by Joannis, 1930.

Type species. Hoploscopa astrapias Meyrick, 1886, by monotypy.
Diagnosis. Hoploscopa displays brown to dark brown forewings, often bearing pale yel-

low-, yellow-, or red-coloured median and postmedian diagonal stripes. In male genitalia, 
the uncus is well developed, the gnathos forms a ribbon-like structure, often with a poste-
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rior projection, and the vinculum bears laterally a pair of coremata. In female genitalia, the 
antrum is short, often sclerotised, and the corpus bursae bears a thorn, often with a basal 
sclerotisation. Hoploscopa is morphologically very similar to Perimeceta. The forewings of 
Perimeceta are slightly larger, display a yellow to brown ground colour, with one basal el-
liptic and one postmedian lunule-shaped white spot. In male genitalia, Perimeceta shows a 
spade-shaped uncus, the gnathos arms connect shortly after arising and are expanded poste-
riorly into an elongated tip, the valva shows a conspicuously rounded ventral margin, and is 
apically narrowed into a tip, while the ventral margin is more or less straight in Hoploscopa. 
Perimeceta exhibits female genitalia similar to those of Hoploscopa with a slender ductus bur-
sae and a rounded corpus bursa bearing a thorn. However, the latter displays a membranous 
antrum in female genitalia, while it is sclerotised in most species of Hoploscopa.

Description. Head. Antennae dorsally with pale yellow to brown scales. Ocelli 
absent. Frons slightly produced, rounded. Proboscis basally white to brown scaled. 
Maxillary palpi brown to dark brown, first segment pale yellow, inner side brown to 
pale yellow. Labial palpi porrect, 2–2.9 × diameter of compound eye, brown, white to 
pale yellow at base, inner side brown to pale yellow.

Thorax (Figs 1–45). Collar white to pale yellow. Frenulum simple in , triple 
in . Forewing length 7–13 mm, 2.4–2.9 × maximal width, females slightly larger 
than males. Wing venation (Fig. 2): R1 not connected to Sc; R2, R3 and R4 stalked 
together; R5 free, arising from upper corner of cell; M1, M2 not stalked; M3 arising 
from lower corner of cell; CuA1 arising below lower corner; CuA2 at distal 1/3 of cell; 
1A+2A arising from cell base; Hindwing Sc+R1 connected to Rs at distal 1/3; M1 
connected to Sc+R1 by short vein; cell closed; M2, M3 and CuA1 arising at lower 
angle of cell; CuA2 arising at middle of cell; 1A, 2A, 3A free. Forewing ground colour 
brown to dark brown, markings white, yellow or red colour. The pattern elements can 
be described as follows (Fig. 3):

cf costal field stretched along costa up to postmedian area;
bs basal streak small, weakly or not marked;
bp basal patch often quadrangular, ill-defined;
pds and dds proximal and distal discoidal stigmata along costal field;
mds the median discoidal stigma trapezoid, with costal edge longer than 

dorsal one;
mcp and mdp median cubital patch and median dorsal patch in line with median 

discoidal stigma, often forming together a Y-shape pattern;
pmp postmedian patch roughly triangular, narrowing at costa;
pml postmedian line running from costa to middle of dorsum, often bare-

ly marked, mostly visible close to costa;
pma postmedian area often suffused to a various extend with white, yellow 

or red;
sl subterminal line running from costa close to apex towards dorsum, 

often incurved inwards at CuA2;
sbf subterminal field more or less suffused with brown, red or yellow.
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Figures 1–3. Habitus, venation and forewing pattern in Hoploscopa. 1 Habitus of Hoploscopa mathe-
ae sp. nov., holotype, , Malaysia, Sabah, Kundasang, Kinabalu Mt. Lodge veranda, 6°0'42.15"N, 
116°32'3.63"E, 1570 m (T. Léger & R. Mally) (genitalia on slide TL315 ) 2 wing venation of Hop-
loscopa species: H. jubata sp. nov., paratype, , Papua New Guinea, Morobe Prov., nr Bulolo, Mt Susu 
Nat. Res., Araucaria For., 975 m, 27–28 Aug 1983 (S. Miller) (wing preparation TL706) 3 nomenclature 
used for description of forewing pattern of Hoploscopa spp. Abbreviations: bp (basal patch), bs (basal 
streak), cf (costal field), dds (distal discoidal stigma), mcp (median cubital patch), mds (median discoidal 
stigma), mpd (median patch at dorsum), pds (proximal discoidal stigma), pma (postmedian area), pml 
(postmedian line), pmp (postmedian patch), sbf (subterminal field), sbl (subterminal line).
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The margin is brown, in some species with spots, fringe unicoloured or chequered.
Hindwing upper side pale yellow to pale brown; underside pale yellow, with brown 

markings on costa and subterminal line toward costa; males of some species with an-
droconial organ on the upper side at dorsum, consisting of upright scales along CuA2 
and 1A veins and a protruded margin between CuA2 and 1A, bearing a patch of grey-
ish scales. Forelegs brown to dark brown. Midlegs with femur brown, tibia and tarsi 
often pale yellow, speckled with brown. Hindlegs pale yellow on inner side, pale yellow 
to brown on outer side, tarsi bronze to pale brown.

Tympanal organs (Figs 83–84).

tb Tympanic bridge deeply divided in the centre;
td Tympanic drum (Fig. 50) ovoid, antero-ventrally semi-closed, posteriorly 

not reaching transverse ridge;
tdp Tympanic depressions broad, opened ventrally;
tm Tympanum subtriangular;
tr Transverse ridge (“”) not sclerotised.

Venulae secundae absent.
Abdomen. Pale brown to brown. In males, sternum A8 more or less broadly in-

dented, in some species with small lateral papillae-like projection (Figs 85, 86).
Male genitalia (Figs 46–82).

c cornutus on phallus elongated, flat, spatula-shaped, except otherwise men-
tioned;

de ductus ejaculatorius;
g Gnathos arms (Fig. 54) originating from the dorsal part of tegumen, form-

ing ring, with or without dorso-median extension;
jx Juxta basally wide with anterior margin rounded to quadrangular, narrow-

ing at basal 1/4;
s saccus triangular to quadrangular, pointing dorsally;
ta Tegumen arms anteriorly sclerotised, with edge marked, posteriorly mem-

branous; dorsally fused into a bridge of various width, articulated or fused 
to uncus base;

uc Uncus well-developed, densely haired apically;
v Valva elongated, hairy, sclerotised, with strongly sclerotised dorsal edge;
vc Vinculum U-shaped in posterior view, dorso-laterally on each side with an-

terior projection bearing brush-shaped coremata.

Female genitalia (Figs 87–122).

aa Anterior apophyses (Fig. 88) bluntly angled at posterior 1/3, bent ventrad;
at Antrum sclerotised or membranous;
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cb Corpus bursae globular or ovoid, its membrane with a reticulate 
structure;

cs Broad sclerotisation of the corpus bursae;
db Ductus bursae membranous with longitudinal wrinkles, variable in 

length and shape;
pa Posterior apophyses slender, straight, directed posterad except other-

wise mentioned;
pp Papillae anales thin in lateral view, dorsally and ventrally connected, 

setose;
segm. VIII Segment VIII faintly sclerotised, ventrally membranous; setae scat-

tered across segment, more densely concentrated on posterior margin;
t thorn on corpus bursae large, sclerotised, inwardly projecting, its base 

slighly extending outwards into a small sclerotised protuberance.

Distribution. Hoploscopa is found from the Malay Peninsula and Sumatra in the 
West to the Samoa Islands in the East, as well as from the North of Thailand to Va-
nuatu and Fiji in the South. It is absent from Queensland (Australia) and New Cal-
edonia. It is predominantly found in tropical mountain forests, with only few species 
encountered in the lowlands.

Biology. Host plant data is available for five Hoploscopa species, all feeding on 
ferns. The larvae of H. gombongi sp. nov., H. obliqua sp. nov., and H. tonsepi sp. nov. 
from Papua New Guinea are reported from Diplazium esculentum (Retzius in Retzius 
& König, 1791) Swartz, 1803 (Athyriaceae) (Miller et al. 2015, Mally et al. 2017). 
Another undescribed Hoploscopa species (sample USNM_ENT_00739239) from Pap-
ua New Guinea is reported from Sphaerostephanos unitus (Linnaeus, 1759) Holttum, 
1794 (Thelypteridaceae) (ibid). Lastly, one undescribed Hoploscopa species from Bor-
neo is reported from the fern Dicranopteris linearis (Burman, 1768) Underwood, 1907 
(Gleicheniaceae) (Mally et al. 2017).

Hoploscopa albipuncta Léger & Nuss, sp. nov.
http://zoobank.org/26FE78DF-5D7E-4034-A730-FA5C7177466E
Figs 4, 46, 87

Material examined. Holotype: , with labels: “Malaysia: Sabah, Kinabalu Park 
H[ead]Q[uarter], | Timpohon Gate, 700m from Liwagu | Trail starting point, near 
Liwagu River, | 6°1'40"N, 116°32'59"E, 1760m, UV light, | 18.vi.2015, leg. T. Léger 
& R. Mally”; “TL335 | ”. Deposited in ZMHB.

Paratypes: 13 , 1 . Malaysia: 8  (1 with genitalia on slide TL336 ), 
same data as holotype; 3  (1 with genitalia on slide TL536 ), Sabah, Kinabalu 
National Park, Timpohon Gate, 300 m from Ligawu trail starting point, 6°1'41"N, 
116°32'54"E, 1820 m, UV light, 18.vi.2015, leg. T. Léger & R. Mally (MTD); 1 , 
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Sabah, Mesilau, Kopogon, 24.ii.2006, light trap, leg. W. & M. Mey; 1  (genitalia on 
slide TL635 ), Sabah, Mesilau River, 24–25.ii.2006, light trap, leg. W. & M. Mey; 1 

 (DNA voucher MTD7434, genitalia on slide TL609 ), Sabah, Mesilau, 2000 m, 
14–17.xi.2006, light trap, leg. W. Mey & K. Ebert (ZMHB).

Other specimens examined. 1 . Malaysia: 1  (DNA voucher ITBC09, geni-
talia on slide TL309 ), same data as holotype.

Diagnosis. Hoploscopa albipuncta sp. nov. displays a basal white well-rounded spot 
on the forewing. In male genitalia, the dorsal margin of the valva is protruded, the 
juxta displays two conspicuous tips and the phallus bears an anvil-shaped cornutus. In 
female genitalia, the antrum is membranous and forms a rounded pouch.

Similar species. No similar species known.
Description. Head. Antennae dorsally with brown scales. Proboscis pale yellow. 

Maxillary palpi brown, basally light brown. Labial palpi brown, ventrally pale yellow.
Thorax (Fig. 4). Collar white. Forewing length: 9–10 mm (  & ); forewing 

ground colour brown; rounded snow white basal cubital spot; median discoidal stigma 
rhomboid to ellipsoid, dark red, edged with pale yellow; postmedian spot trapezoid, 
dark red, proximally pale yellow; subterminal line snow white, parallel to termen, 
slightly angled at M1, broader at costa; fringes brown, with white dots. Hindwing 
dirty pale yellow. Forelegs bronze. Midlegs brown, with tibia and tarsi segments distally 
white. Hindlegs brown, with tibia and tarsi segments distally white.

Abdomen. Male sternum A8 posterior margin straight.
Male genitalia (N = 5) (Fig. 46). Uncus long and slender, gently narrow-

ing on basal half, apex tongue-shaped. Gnathos projection broad, triangular, with 
rounded apex. Valva ventral margin straight, dorsal margin strongly protruded 
dorsad, apex rounded. Juxta with base rounded, medially narrowed, apex split 
into two conspicuous tips. Saccus small, pointing dorsad. Phallus with sclerotised, 
anvil-shaped cornutus.

Female genitalia (N = 1) (Fig. 87). Anterior apophyses with dorsal bump at poste-
rior 1/3. Antrum forming a membranous rounded pouch. Ductus bursae long, slender, 
straight. Corpus bursae small, globular, reticulate, with barely marked sclerotisation at 
thorn base. Thorn curved, with small dents pointing toward thorn apex on its inner 
side, glabrous on the outer side.

Distribution. Known from the slopes of the Mount Kinabalu (4,095 m) on Bor-
neo, at altitudes between 1,700 m and 2,000 m.

DNA barcoding. Specimen MTD7430 from Luzon shows an K2P-distance of 
4.5–4.9% with the two specimens from Borneo.

Etymology. The species name albipuncta refers to the Latin albus, white, and punc-
tus, forming a point.

Remarks. Two female specimens from the Philippines with similar habitus and 
genitalia but a COI barcode divergence of 4.5–4.9% are recovered as different MOTU 
in the species delimitation analyses. Unfortunately, no male was available for this study, 
thus we refrained from describing a new species based on these two specimens.
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Figures 4–18. Habitus of Hoploscopa species. 4 Hoploscopa albipuncta sp. nov., holotype, , Malaysia, 
Sabah, Kinabalu Park HQ, Timpohon Gate, 700 m from Liwagu Trail starting point, near Liwagu 
River, 6°1'40"N, 116°32'59"E, 1760 m, 18.vi.2015 (T. Léger & R. Mally) (genitalia on slide TL335 

) 5 Hoploscopa sepanggi sp. nov., holotype, , Malaysia, Sabah, Mesilau Nature Resort, 6°2'43.71"N, 
116°35'48.03'E, 1925 m, at lamps, 30.v.2015 (T. Léger & R. Mally) 6 Hoploscopa cynodonta sp. 
nov., holotype, , Malaysia, Sabah, Kinabalu Park HQ, junction Kiau View- and Pandanus Trail, 
6°0'32.84"N, 116°32'14.94"E, 1690m, UV light, 07.vi.2015 (T. Léger & R. Mally) (genitalia on slide 
TL327 ) 7 Hoploscopa parvimacula sp. nov., paratype, , Sabah, Mesilau Nature Resort, 6°2'43.71"N, 
116°35'48.03"E, 1925 m, at lamps, 30.v.2015 (T. Léger & R. Mally) (genitalia on slide TL312 . 
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Hoploscopa matheae Léger & Nuss, sp. nov.
http://zoobank.org/D792135D-FFA9-49ED-8B76-C9802548E8E5
Figs 1, 47, 88

Material examined. Holotype: , with labels: “Malaysia: Sabah, Kundasang, | Kina-
balu Mt. Lodge veranda, 6°0'42.15"N, 116°32'3.63"E, 1570 m, at day, 15.vi.2015, 
| leg. T. Léger & R. Mally”; “DNA barcoding | BC MTD Lep 3004”; “ITBC | 15”; 
“TL315 | ”. Deposited in ZMHB.

Paratypes: 1 , 2 . Brunei: 1  (NHMUK010923334, DNA voucher 
MTD8245, genitalia on slide TL730 ), 1  (NHMUK010923427), Bukit Retak, 
LP 238, GR 873804, 1365m, moss forest, 1–4.v.1989, leg. M. G. Allen & K. R. Tuck 
(NHMUK). Malaysia: 1  (DNA voucher MTD7426, genitalia on slide TL599 ), 
Sabah, Tawau Hills, Gelas River, 3.iii.2006, leg. W. + M. Mey (ZMHB).

Other specimens examined. 2 . Indonesia: 1  (NHMUK010923426), 
Java, Singolangoe, Tengger, 5000 feet, 05.1934 (F. P. A. Kalis) [abdomen missing] 
(NHMUK). Malaysia: 1  (NHMUK010923425, DNA voucher MTD8244 & gen-
italia on slide TL729 ), Cameron Highlands, Gunung Brinchang, 15–23.viii.1986 
(G. S. Robinson) (NHMUK).

Diagnosis. Hoploscopa matheae sp. nov. is unique in the genus by its broad pale 
yellow forewing fascia crossed by postmedian brown line as well as the basal and distal 
discoidal spots circled with pale yellow.

Similar species. No similar species known.

Figures 4–18. Continued. 8 Hoploscopa kinabaluensis sp. nov., paratype, , Sabah, Kinabalu Park HQ, 
Timpohon Gate, 700 m from Liwagu trail starting point, near Liwagu River, 6°1'40"N, 116°32'59"E, 
1760 m, UV light, 18.vi.2015 (T. Léger & R. Mally) (genitalia on slide TL326 ) 9  Hoploscopa 
luteomacula Nuss, paratype, , Indonesia, Sumatra, Barat, N-Padangpanjang, Mt Singgalang, 2100 m, 
10–11.ii.1996 (A. Kallies) (genitalia on slide GU prep. Nuss 743) 10 Hoploscopa obliqua Rotschild, 
abdomen missing, Papua New Guinea, Madang Province, Wanang village, 05°15'S, 145°17'E, reared 
from Diplazium esculentum, 12.vi.2007 11 Hoploscopa niveofascia sp. nov., holotype, , Papua New 
Guinea, Morobe Prov., nr. Bulolo, Mt. Susu Nat. Res., 975 m, 27–28.viii. 1983, Araucaria For. 
(S. Miller) (genitalia on slide TL442 ) 12 Hoploscopa gombongi sp. nov., paratype, , Papua New 
Guinea, Yawan village, 06°10'S, 146°5'E, NG Binatang Res. Ctr. (B Gewa, J. Kua, S Sau, A. Kinibel) 
13 Hoploscopa tonsepi sp. nov., holotype, , Papua New Guinea, Yawan village, 06°10'S, 146°5'E, 
NG Binatang Res. Ctr. (J. Valeba, J. Auga, M. Dilu, F. Philip, R. Lilip) (genitalia on slide TL655 ) 
14 Hoploscopa marijoweissae sp. nov., , Papua New Guinea: Morobe Province, Mount Kaindi, 2350 m, 
11.xii.1976 (G. F. Hevel & R. E. Dietz) (genitalia on slide TL437 ) 15 Hoploscopa titika sp. nov., 
holotype, , Sumatra-Holzweg, 25 km SSW-Pematangsiantar, Straße nach Prapat, LF, 13.ii.1996 (A. 
Kallies) (genitalia on slide TL505 ) 16 Hoploscopa pangrangoensis sp. nov., paratype, , Indonesia, Java, 
Mt. Pangrange, SE Bogor, 6.30S 107.10E, 1625 m, primary forest, 16–20.ii.1996 (Siniaev & Afonin) 
(genitalia on slide TL627 ) 17 Hoploscopa isarogensis sp. nov., paratype, , Philippines, South Luzon, 
Mt Isarog, 13°40'N, 123°20'E, 530 m, submontane forest, at light, 22.iii.2000 (M. Nuss) (genitalia on 
slide TL523 ) 18 Hoploscopa ypsilon sp. nov., paratype, , Philippines, Luzon, Mountain Province, 
Chatol, 2100 m, 16–18.xi.1997 (Mey, Ebert & Nuss).
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Description. Head. Antennae dorsally with pale yellow scales. Proboscis dark 
brown. Maxillary palpi dark brown, basally and inwardly pale yellow. Labial palpi dark 
brown, ventro-basally pale yellow.

Thorax (Fig. 1). Thorax dark brown, with two pale yellow stripes laterally and 
one dorsally. Collar pale yellow. Forewing length: 10 mm (  & ); forewing ground 
colour dark brown, with darker scales at its base; basally with a roughly defined Z-line 
pale yellow; basal and distal discoidal patches of a darker brown, circled with pale yel-
low, median discoidal stigma therebetween dark red in some specimens; broad median 
triangular pale yellow patch near dorsum, connected distally by a line to postmedian 
triangular pale yellow patch; subterminal pale yellow line following median line shape, 
originating at distal 1/4 of dorsum, inwardly incurved costal field between A1+2 and 
Cu2, costally diverging toward apex; subterminal field broadly marked with scales of 
a lighter brown; fringes dark brown, with pale yellow dots. Hindwing pale brown. 
Forelegs dark brown. Midlegs brown; femur and tibia distally pale yellow; tarsi pale 
yellow. Hindlegs dark brown, femur-tibia articulation pale yellow; tibia distally pale 
yellow; tarsi bronze.

Abdomen. Male sternum A8 posterior margin straight.
Male genitalia. (N = 1) (Fig. 47). Uncus broad, narrowing on distal half, with 

apex truncate. Gnathos without posterior projection. Valva ventral margin slightly 
concave, bent dorsad on apical 1/5; dorsal margin conspicuously convex; apex blunt. 
Juxta with base slightly quadrangular, medially narrow, apically broad, with broadly 
incurved apex. Saccus not pronounced.

Female genitalia (N = 2) (Fig. 88). Anterior apophyses with dorsal tip point-
ed dorsad at posterior 1/3. Antrum sclerotisation twice as long as broad. Ductus 
bursae short, wider on posterior 1/4, roughly straight. Corpus bursae pear-shaped, 
reticulate on posterior half, sclerotised between thorn and corpus opening. Thorn 
straight, with small dents pointing toward thorn apex, basally with small outwardly 
projected extension.

Distribution. Known from the Malay Peninsula, and Borneo (Brunei, Mount 
Kinabalu), at altitudes between 1,300 m and 1,600 m.

DNA barcoding. Specimen MTD8244 from the Malay Peninsula shows an K2P-
distance of 2.2% with the two specimens from Borneo. It is recovered as a distinct 
MOTU in the species delimitation analyses. Specimens from Kinabalu and Tawau 
Hills share identical COI barcodes. No COI barcode was obtained for the specimen 
from Brunei (MTD8245).

Etymology. The species is named after Mathéa Léger, sister of the first author.
Remarks. One specimen from the NHMUK collected on Mount Tengger (In-

donesia, Java) in 1934 shares a similar wing pattern and thus potentially represents 
a conspecific specimen. Unfortunately, the abdomen of the specimen was missing. 
Specimen MTD8244 shows minor differences in wing pattern with those from Bor-
neo: costal field, median discoidal stigma and subterminal field are dark red, and base 
of thorn on corpus bursae is thinner.
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Hoploscopa sepanggi Léger & Nuss, sp. nov.
http://zoobank.org/81756486-A524-4D2A-912E-F824C234F835
Figs 5, 48, 89

Material examined. Holotype: , with labels: “Malaysia, Sabah, Mesilau Nature Re-
sort | 6°2'43.71"N, 116°35'48.03"E, 1925 m, at | lamps, 30.05.2015, leg. T. Léger & 
R. Mally”. Deposited in ZMHB.

Paratypes: 6 , 3 . Malaysia: 1  (genitalia on slide TL260 ) with same data as 
holotype except 02.vi.2015; 3  (genitalia on slide TL641  & TL338 ), 1  (geni-
talia on slide TL547 ), Sabah, Mesilau, logging site 400 m before entrance to Mesilau 
Nature Resort, 6°2'22"N, 116°35'54"E, 1930 m, UV light, 02.vi.2015, leg. T. Léger 
& R. Mally; 1  (genitalia TL337 on slide TL337 ), same data except 01.vi.2015; 
1  (DNA voucher MTD7894, genitalia on slide TL671, wing preparation on slide 
TL237), Sabah, Kinabalu National Park, Timpohon Gate, 300 m from Ligawu trail 
starting point, 6°1'41"N, 116°32'54"E, 1820 m, UV light, 18.vi.2015, leg. T. Léger 
& R. Mally; 1  (DNA voucher MTD LEP 123, genitalia on slide TL365 ), 1 , 
Sabah, Mesilau, 2000 m, 14–17.xi.2006, light trap, leg. W. Mey & K. Ebert (ZMHB).

Other specimens examined. 1 . Malaysia: 1  (DNA voucher ITBC02, geni-
talia on slide TL302 ), same data as holotype.

Diagnosis. Hoploscopa sepanggi sp. nov. bears sulfurous to pale yellow patches on the 
forewing forming a roughly chequered pattern. In male genitalia, the gnathos projection is 
slender, ca. half the length of uncus, and the juxta distal half is narrow, with a notched apex.

Similar species. Hoploscopa luteomacula. The postmedian cubital and subterminal 
patch are missing or reduced to traces in H. sepanggi sp. nov., while they are well-
marked, pale yellow in H. luteomacula. The fringes are brown, chequered with yellow 
in H. sepanggi sp. nov., while they are yellow in H. luteomacula.

Description. Head. Antennae dorsally striped with pale yellow and brown scales. 
Proboscis brown, speckled with pale yellow. Maxillary palpi brown, base and inner side 
pale yellow. Labial palpi brown, ventral base and inner side pale yellow.

Thorax (Fig. 5). Thorax dorsally pale yellow, laterally brown. Collar pale yellow. 
Forewing length: 11–12.5 mm ( ), 11.5–13 mm ( ); forewing ground colour brown; 
basal patch and median discoidal stigma trapezoid, sulphur yellow with dark brown 
edges; basal and antemedian cubital patches abutting each other, quadrilateral, sulphur 
yellow with dark brown edges; costal field sulphur yellow; median patch at dorsum 
oval, sulphur yellow; postmedian patch triangular, sulphur yellow, invaded with lon-
gitudinal brown streak on its middle; subterminal line reduced to small interspaced 
sulphur yellow dashes, with triangular sulphur costal spot; subterminal field broadly 
marked with pale yellow; fringe chequered pale yellow and brown. Hindwing pale 
brown. Forelegs dark brown. Midlegs brown, speckled with pale yellow. Hindlegs with 
femur brown; tibia pale yellow, speckled with brown, distally brown; tarsi bronze.

Abdomen. Male sternum A8 posterior margin bilobed, with pair of lateral papil-
lae-like protuberances.
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Male genitalia (N = 5) (Fig. 48). Uncus long and slender, gently tapering toward 
tongue-shaped apex. Gnathos projection slender, ca. half the uncus length. Valva ven-
tral margin gently bent dorsad on distal 1/3, dorsal margin conspicuously convex, 
apex slightly pointed. Juxta with base roughly quadrangular, medially narrowed, apex 
faintly notched. Saccus broad, triangular, pointing dorsad.

Female genitalia (N = 3) (Fig. 89). Anterior apophyses with small dorsal bump at 
1/3. Antrum sclerotisation twice as long as broad. Ductus bursae thin, slender, elbowed 
at 1/4 and 3/4. Corpus bursae ovoid, reticulated, diffuse sclerotisation between thorn 
and corpus opening, medially with faintly sclerotised band. Thorn straight, small, with 
tiny dents pointing toward thorn base, basally with small outwardly projected extension.

Distribution. Known from the slopes of the Mount Kinabalu on Borneo, at alti-
tudes between 1,800 m and 2,000 m.

Etymology. This species is described in honour of the late Malaysian mountain 
guide Robbie Sepanggi who died on Mount Kinabalu during the 2015 Sabah earth-
quake while trying to save hikers.

Hoploscopa cynodonta Léger & Nuss, sp. nov.
http://zoobank.org/55B144AD-1AF7-4023-BC82-E5E2750AFE88
Figs 6, 49, 90

Material examined. Holotype: , with labels: “Malaysia, Sabah, Kinabalu Park 
H[ead]Q[quarters], | junction Kiau View- and Pandanus | Trail, 6°0'32.84"N, 
116°32'14.94"E, | 1690 m, UV light, 07.vi.2015, | leg. T. Léger & R. Mally”; “DNA 
voucher | Lepidoptera | MTD 2015 | [vertically written:] no. 3066”; “TL327 | ”. 
Deposited in ZMHB.

Paratypes: 4 , 2 . Brunei: 2  (1 with NHMUK010923398, DNA vouch-
er MTD8233 & genitalia on slide TL746; 1 with NHMUK010923401), 1  
(NHMUK010923400), Ulu Temburong, LP 298, GR 838892, 300 m, 26–30-iv-
1989, leg. M. Allen & K. Tuck (NHMUK). Malaysia: 1  (genitalia on slide TL531 

), Sabah, Kinabalu National Park, Timpohon Gate, 700 m from Liwagu Trail start-
ing point, near Liwagu River, 6°1'40"N, 116°32'59"E, 1700 m, 18.vi.2015, leg. Léger 
& R. Mally (MTD); 1  (DNA voucher MTD7425 & genitalia on slide TL625 ), 
Sabah, Tawau Hills National Park, Headquarter, waterfall, 23–27.xi.2006, leg. W. Mey 
& K. Ebert (ZMHB). 1  (NHMUK010923352), Sabah, Gunung Monkobo, 5.48N, 
116.56E, dipterocarp forest, 945m, 14–23.viii.1987, leg. K. Tuck (NHMUK).

Diagnosis. This relatively small-sized species (forewing length 8–10 mm) shows 
brown forewings with red markings edged with pale yellow. The median discoidal 
stigma is oval, red, edged with pale yellow, median cubital patch is reduced to a small 
streak and median dorsal patch is absent. The postmedian patch consists of a mix of 
red and brown scales, at costa forming triangular pale yellow patch. Male genitalia are 
unique in the conspicuously incurved ventral margin of the valva, medially extending 
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into a tip pointing ventrad. In female genitalia, the corpus bursae is small, globular, 
and bears a crest of sclerotised acanthae between thorn and corpus opening.

Similar species. Hoploscopa isarogensis sp. nov.; to a lesser extent H. mallyi sp. 
nov., H. agtuuganonensis sp. nov., H. gracilis sp. nov., H. ignitamaculae sp. nov. Medi-
an cubital and dorsal patches form with the median discoidal stigma a disrupted pale 
yellow band (median dorsal patch not marked in H. mallyi sp. nov.), and postmedian 
pale yellow marking at costa is reduced to a blotch in above listed species. Hoploscopa 
gracilis sp. nov. and H. mallyi sp. nov. are slightly larger (9–12 mm). Comparison of 
the male genitalia allows unequivocal separation from these species. In female geni-
talia, H. isarogensis sp. nov. displays a narrower and slightly longer ductus bursae and 
a larger corpus bursae with large curved thorn, while it is small and straight in H. 
cynodonta sp. nov. Female genitalia of H. mallyi sp. nov., H. agtuuganonensis sp. nov., 
and H. gracilis sp. nov. share the broad ductus bursae, the small globular corpus bursae 
with H. cynodonta sp. nov. but have a longer ductus bursae, and the sclerotisation of 
corpus bursae is large and diffuse.

Description. Head. Antennae dorsally with pale yellow scales. Proboscis brown 
to pale brown. Maxillary palpi brown, base and inner side pale yellow. Labial palpi 
brown, ventrally pale yellow.

Thorax (Fig. 6). Collar white. Forewing length: 8–10 mm ( ), 8 mm ( ); fore-
wing ground colour brown; basal longitudinal red streak basally surrounded with pale 
yellow U-shaped spot; costal field red; median discoidal stigma oval, red with pale yel-
low edges; median cubital patch forming longitudinal pale yellow rectangle; postme-
dian patch red, with basal edge pale yellow, distally abutted with pale yellow triangular 
costal patch; postmedian line costally marked; postmedian suffusion of pale yellow 
and pale brown scales, distally edged by pale yellow subterminal line; subterminal field 
marked with red; fringe chequered pale yellow and brown. Hindwing pale brown. 
Forelegs and midlegs brown. Hindlegs with femur brown; tibia pale yellow, distally 
brown; tarsi bronze speckled with pale yellow.

Abdomen. Male sternum A8 posterior margin forming two conspicuous triangular 
tips, laterally with pair of papillae-like protuberances.

Male genitalia (N = 2) (Fig. 49). Uncus medially slightly widened, narrowing 
toward apex, apex duck beak-shaped, medio-ventrally with a bump and two ridges. 
Gnathos projection tongue-shaped, ca. 1/4 of uncus length. Valva ventral margin 
with basal half sclerotised, at 1/4 conspicuously incurved into a semi-circle, protruded 
medio-ventrally into a tooth-like tip pointing ventrad, with marked ridge on inner 
side; valva dorsal margin convex, apex truncate. Juxta with base rounded, medially 
narrowed, apical half laterally protruded, with few scattered hairs, apex broad, not 
sclerotised. Saccus quadrangular, conspicuously produced anterad.

Female genitalia (N = 1) (Fig. 90). Anterior apophyses with small dorsal bump at 
1/3. Posterior apophyses bent ventrad. Antrum sclerotisation twice as long as broad, 
barely sclerotised. Ductus bursae relatively short, broad, with a narrow loop before 
corpus bursae. Corpus bursae globular, reticulated, with crest of sclerotised acanthae 
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between thorn and corpus opening. Thorn straight, slightly incurved at apex, with 
small dents pointing toward thorn base.

Distribution. Known on Borneo from Brunei to the Mount Kinabalu, the Mount 
Monkobo (1,759m) and the Tawau Hills in Sabah (Malaysia), at altitudes between 300 
and 1,700 m.

DNA barcoding. Specimens LEP3066 from Mount Kinabalu and MTD7425 
from Tawau Hills differ by 0.4%. The nearest neighbour is H. isarogensis sp. nov. from 
the Philippines (K2P-dist = 2.3–3%).

Etymology. Formed by apposition of the Greek words cyno-, of the dog, and odous, 
tooth, referring to the conspicuous tooth-like extension on the ventral margin of the 
valva in male genitalia.

Hoploscopa parvimacula Léger & Nuss, sp. nov.
http://zoobank.org/4E445DD3-8C71-40DE-9EDB-870935206EDE
Figs 7, 50, 91

Material examined. Holotype: , with labels: “Malaysia, Sabah, Mesilau, logging | 
site 400m before entrance to Mesilau | Nature Resort, 6°2'21.97"N, 116°35'54.12"E, 
1930m, UV light, | 02.vi.2015, leg. T. Léger & R. Mally”; “DNA voucher | Lepidop-
tera | MTD2016 | [vertically written:] n°. 3196 ”; “TL510 | ”. Deposited in ZMHB.

Paratypes: 7 , 2 . Malaysia: 1  (DNA voucher MTD7888 & genitalia on slide 
TL552 ) with same data as holotype, 2  (DNA vouchers MTD7884 & MTD7885, 
genitalia on slides TL673  & TL261 ), 1  (DNA voucher MTD7883 & genitalia 
on slide TL551 ) with same data as holotype except 02.vi.2015; 1  (DNA voucher 
MTD7886, genitalia on slide TL537 ), Sabah, Mesilau Nature Resort, 6°2'44"N, 
116°35'48"E, 1925 m, at lamps, 30.v.2015, leg. T. Léger & R. Mally; 1  (DNA vouch-
er ITBC12, DNA barcoding voucher BC MTD LEP3003, genitalia on slide TL312 

), same data except 01.vi.2015; 2  (DNA vouchers MTD7895 & MTD7896, 
genitalia on slides TL550  & TL549 ), Sabah, Kinabalu National Park, Timpohon 
Gate, 300 m from Liwagu trail starting point, 6°1'41"N, 116°32'54"E, 1820 m, UV 
light, 18.vi.2015, leg. T. Léger & R. Mally; 1  (DNA voucher MTD7890, genitalia 
on slide TL672 ), Sabah, Kundasang, Kinabalu Mountain Lodge veranda, 6°0'42"N, 
116°32'4"E, 1570 m, at light, 18.vi.2015, leg. T. Léger & R. Mally (ZMHB).

Diagnosis. Hoploscopa parvimacula sp. nov. displays brown forewings with re-
duced pale yellow markings. The median discoidal stigma forms a crescent shape, and 
the median cubital patch forms a streak not connected to the median discoidal stigma. 
The postmedian patch and postmedian area are faintly marked with pale yellow. In 
male genitalia, the gnathos projection is distally spatula-shaped, reaching ca. 2/3 of 
the uncus length, and the juxta displays blunt lateral projections and a truncate apex.

Similar species. Hoploscopa kinabaluensis sp. nov., H. pangrangoensis sp. nov. The 
forewings of H. kinabaluensis sp. nov. display more contrasting postmedian patch and 



Twenty-six new species of Hoploscopa 21

subterminal line, and a subterminal field suffused with pale yellow. In H. pangrangoen-
sis sp. nov., the median cubital patch is almost absent and the subterminal line is more 
strongly pronounced. In male genitalia, base of gnathos projection is narrower and the 
cornutus displays a narrow bump at apex in H. kinabaluensis sp. nov. The finger-like 
gnathos projection of H. pangrangoensis sp. nov. is narrower than that of H. parvimacu-
la sp. nov. and reaches only half the uncus length. In female genitalia, ductus bursae of 
H. kinabaluensis sp. nov. is twice as long as in other species, with a loop on its middle 
and a large bow before corpus bursae. In H. pangrangoensis sp. nov., colliculum is mem-
branous with longitudinal sclerotised lines, corpus bursae is larger and thorn is smaller.

Description. Head. Antennae dorsally striped with brown and bronze scales. Pro-
boscis pale yellow, speckled with pale brown. Maxillary palpi dark brown, base and 
inner side pale yellow. Labial palpi dark brown, ventro-basally pale yellow.

Thorax (Fig. 7). Collar pale yellow. Forewing length: 9–10 mm (  & ); forewing 
ground colour brown; basal dark brown dash, distally pale yellow; basal and distal 
discoidal stigmata dark brown; median patches Y-shaped, pale yellow, disrupted with 
brown at vein, edged basally and distally with dark brown; postmedian patch of a 
lighter brown, with pale yellow triangular costal spot distally edged with dark brown; 
subterminal line pale yellow, distally dark brown; fringe brown, with pale yellow dots. 
Hindwing pale brown. Forelegs brown. Midlegs with femur brown; tibia pale yel-
low, speckled with brown; tarsi bronze. Hindlegs with femur brown; tibia pale yellow, 
speckled with brown; tarsi pale yellow to pale brown.

Abdomen. Male sternum A8 posterior margin bilobed, with pair of lateral papil-
lae-like protuberances.

Male genitalia (N = 8) (Fig. 50). Uncus medially broadened, narrowing on distal 
half, apex slightly obtuse. Gnathos projection ca. 2/3 of uncus length, spatula-shaped. 
Valva ventral margin straight, gently bent dorsad on distal 1/4, dorsal margin convex, 
apex rounded or slightly pointed. Juxta slender, base roughly quadrangular, apex trun-
cate. Saccus small, pointing dorsad.

Female genitalia (N = 2) (Fig. 91). Anterior apophyses with dorsal bump at 
posterior 1/3. Antrum sclerotisation twice as long as broad. Ductus bursae short and 
straight, slightly bent before corpus bursae. Corpus bursae pear-shaped, posterior 
half reticulated, anterior half membranous, with diffuse sclerotisation between thorn 
and corpus opening, medially with faintly marked sclerotised band. Thorn short and 
straight, with small dents pointing toward thorn apex.

Distribution. Known from Mount Kinabalu on Borneo, at altitudes between 
1,550 and 1,950 m.

DNA barcoding. Sample MTD8229 of H. parvimacula sp. nov. shows a K2P-dist 
of 3.1–3.4% with samples from Borneo and is recovered as separate MOTU.

Phylogenetic relationships. The specimen MTD8229 is recovered as sister to H. 
parvimacula sp. nov. (BS = 97).

Etymology. Refers to the Latin parvus, for small, and macula, for spot, referring to 
the Y-shaped median markings that are smaller than in other similar species.
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Remarks. The specimen with DNA voucher MTD8229 belongs to a series of fe-
males from the Malay Peninsula, which are morphologically similar to H. parvimacula 
sp. nov. and deposited at NHMUK. Since no males of the same series were available 
for investigations, we restrained from drawing further conclusions here.

Hoploscopa kinabaluensis Léger & Nuss, sp. nov.
http://zoobank.org/F75F92C1-7C04-4BE9-A602-0FE822BF66D2
Figs 8, 51, 92

Type material. Holotype: , with labels: “Malaysia, Sabah, Kundasang | Kinabalu 
Mt. Lodge veranda, | 6°0'42.15"N, 116°32'3.63"E, | 1570m, at light, 16.vi.2015, | 
leg. T. Léger & R. Mally”; “DNA voucher | Lepidoptera | MTD 2015 | [vertically writ-
ten:] no. 3064”; “TL325 ”. Deposited in ZMHB.

Paratypes: 3 , 4 . Malaysia: 1  (DNA voucher MTD7889, genitalia on 
slide TL667 ), same data as holotype; 1  (DNA voucher MTD7893 & genita-
lia on slide TL342 ), 1  (DNA voucher MTD LEP3065 & genitalia on slides 
TL326 ), Sabah, Kinabalu National Park, Timpohon Gate, 700 m from Liwagu 
trail starting point, near Liwagu River, 6°1'40"N, 116°32'59"E, 1760 m, UV light, 
18.vi.2015, leg. T. Léger & R. Mally; 1  (DNA voucher MTD7897, genitalia on 
slide TL341 ), Sabah, Kinabalu National Park, Timpohon Gate, 300 m from Li-
wagu trail starting point, 6°1'41"N, 116°32'54"E, 1820 m, UV light, 18.vi.2015, leg. 
T. Léger & R. Mally; 1  (DNA voucher MTD7882, TL666 ), Sabah, Kinabalu 
National Park Headquarters, junction Kiau View- and Pandanus Trail, 6°0'32.84"N, 
116°32'15"E, 1690 m, UV light, 07.vi.2015, leg. T. Léger & R. Mally; 1  (DNA 
voucher MTD7887, genitalia on slide TL662 ), Sabah, Kundasang, road 200 m be-
fore Kinabalu Mt. Lodge, 6°0'37"N, 116°32'4"E, 1535m, UV light, 03.vi.2015, leg. 
T. Léger & R. Mally (MTD).

Other specimens examined. 1 , 2 . Malaysia: 1  (DNA voucher MTD7892, 
genitalia on slide TL546 ), 1  (DNA voucher MTD7891 & genitalia on slide TL674 

), Sabah, Kinabalu National Park, Timpohon Gate, 700 m from Liwagu trail starting 
point, near Liwagu River, 6°1'40"N, 116°32'59"E, 1760 m, UV light, 18.vi.2015 (T. 
Léger & R. Mally); 1  (NHMUK 010923435, DNA voucher MTD8232 & genita-
lia on slide TL745 ), Sabah, Gunung Monkobo, dipterocarp forest, 975m, 5.48N, 
116.56E (7–13.viii.1987) (NHMUK).

Diagnosis. The forewing median markings form an interrupted pale yellow Y, and 
postmedian patch and subterminal line are pale yellow, well-marked. In male genitalia, 
the gnathos projection is ca. 2/3 of uncus length, spatula-shaped, broadening toward 
apex, and the cornutus displays a small but conspicuous bump. Female genitalia show 
a long ductus bursae broadly curved twice and a large pear-shaped corpus bursae.

Similar species. Hoploscopa parvimacula sp. nov. (q.v.), H. brunnealis, H. 
danaoensis sp. nov., H. metacrossa. These species share similar forewing markings with 
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H. kinabaluensis sp. nov. Male genitalia of these species show a gnathos projection larger 
at base, of constant width, reaching ca. half of uncus length, and a cornutus lacking the 
apical bump. In female genitalia, the shorter ductus bursae is nearly straight.

Description. Head. Antennae dorsally striped with pale yellow and bronze scales. 
Proboscis brown speckled with pale yellow. Maxillary palpi brown, base and inner side 
pale yellow. Labial palpi brown, ventral base and inner side pale yellow.

Thorax (Fig. 8). Thorax dorsally pale yellow, laterally brown. Collar pale yellow. 
Forewing length: 9.0–10.5 mm ( ), 10–11 mm ( ); forewing ground colour brown; 
basal dark brown dash, distally pale yellow; median discoidal stigma and median cu-
bital patch forming together a pale yellow-coloured Y, disrupted with brown at vein, 
edged basally and distally with dark brown; postmedian patch roughly triangular, 
pale yellow, invaded with brown, edged with dark brown; subterminal line thick, 
pale yellow; fringe chequered pale yellow and brown. Hindwing pale brown. Forelegs 
brown. Midlegs with femur brown; tibia brown, inwardly pale yellow; tarsi bronze. 
Hindlegs with femur brown; tibia pale yellow, speckled with brown; tarsi bronze, 
speckled with brown.

Abdomen. Male sternum A8 posterior margin broadly indented, with pair of lat-
eral papillae-like protuberances.

Male genitalia (N = 4) (Fig. 51). Uncus broad, gently narrowing on distal half, 
apex obtuse. Gnathos projection ca. 2/3 of uncus length, narrow at base, widening 
toward apex, apex spatula-shaped. Valva ventral margin straight, gently bent dorsad on 
distal 1/3, dorsal margin convex, apex rounded or slightly pointed. Juxta slender, base 
roughly quadrangular, apex slightly incurved. Saccus small, pointing dorsad. Phallus 
with elongated cornutus, at posterior end with narrow bump pointing dorsad.

Female genitalia (N = 5) (Fig. 92). Anterior apophyses with tip or bump at pos-
terior 1/3. Antrum sclerotisation ca. twice as long as broad. Ductus bursae long, slen-
der, with one loop, curved before corpus bursae. Corpus bursae conspicuously ovoid, 
reticulated, with sclerotisation between thorn and corpus opening and faintly marked 
sclerotised band medially. Thorn long, slightly curved, with small dents pointing to-
ward thorn apex.

Distribution. Known from the slopes of Mount Kinabalu and Mount Monkobo 
on Borneo, from altitudes between 975 m and 1,850 m.

DNA barcoding. Two MOTUs diverging by 1.7–2.2% are recovered in H. kina-
baluensis sp. nov. These two lineages are found in sympatry at Mount Kinabalu.

Etymology. The species name kinabaluensis refers to Mount Kinabalu on Borneo, 
where the species occurs.

Remarks. The two barcode lineages show no differences in wing pattern and 
female genitalia. Only minor differences are found in male genitalia, with the 
apex of the gnathos projection slightly narrower and the basal margin of the juxta 
slightly incurved in the second lineage. Since second MOTU is only represented by 
three specimens including only one male, we restrained ourselves from describing 
a new species here.
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Hoploscopa luteomacula Nuss, 1998
Figs 9, 52, 93

Material examined. Holotype: , with labels: “Holotypus”; “Sumatra, Barat | N-
Padangpanjang | Mt. Singgalang 2100m | 10–11.ii.1996, L[icht]F[ang] [light trap] 
| leg. A. Kallies”; “HOLOTYPE | Hoploscopa luteomacula | det. Nuss, 1996”; “GU 
744 | prep. Nuss 1996”; “Coll. M. Nuss | Geschenk 2000 | Museum für Tier- | kunde 
Dresden”. Deposited in MTD.

Paratype: 2 . Indonesia: 1  (genitalia on slide GU 743, DNA barcode BC 
MTD 01419), same data as holotype; 1  (genitalia in capsule under specimen), Su-
matra, Holzweg 2, 25km SSW-Pematangsiantar, Strasse nach Prapat [road to Prapat], 
25.x.1989, leg. E. W. Diehl (MTD).

Other material examined. 1 , 1 . Brunei:  (NHMUK010923403, DNA 
voucher MTD8234 & genitalia on slide TL747 ), Ulu Temburong, LP 298, GR 
838892, 300m, 26–30.iv.1989 (M. G. Allen & K. R. Tuck). Malaysia: 1  (DNA 
voucher MTD LEP 3195 & genitalia on slide TL525 ), Sabah, Kundasang, road 
200m before Kinabalu Mt. Lodge, 6°0'37.38"N, 116°32'0.35"E”, 1535m, UV light, 
03.vi.2015, leg. T. Léger & R. Mally (ZMHB).

Diagnosis. Hoploscopa luteomacula displays broad pale yellow patches in the fore-
wing. In male genitalia, the uncus is rectangular with a truncate apex, the gnathos 
forms a tongue-shaped projection ca. 1/4 of the uncus length, the juxta is medially 
conspicuously narrowed and displays a duck-shaped apex.

Similar species. No similar species known.
Description. Head. Antennae dorsally pale yellow. Proboscis pale yellow. Maxil-

lary palpi brown, base and inner side pale yellow. Labial palpi brown, ventral base and 
inner side pale yellow.

Thorax (Fig. 9). Thorax brown, dorsally pale yellow. Collar pale yellow. Forewing 
length: 9–11 mm (  & ); forewing ground colour brown, with markings pale yel-
low; basal patch large, rhomboid, slightly encroached with brown near dorsum; small 
basal discoidal spot; median discoidal stigma trapezoid; costal field pale yellow, speck-
led with brown; median cubital and dorsal patches rhomboid; postmedian patch quad-
rangular to elliptic, dorsally invaded with brown; postmedian cubital patch rhomboid; 
subterminal costal patch triangular; subterminal field more or less broadly marked 
with pale yellow; fringes pale yellow, sometimes with tiny brown dots, apex brown. 
Hindwing pale yellow to pale brown. Forelegs femur pale yellow; tibia brown, inner 
side pale yellow; tarsi pale yellow speckled with bronze. Midlegs with femur pale yel-
low; tibia and tarsi brown. Hindlegs pale yellow.

Male genitalia (N = 1) (Fig. 52). Uncus large, rectangular, slightly narrowed at 
apical 1/4, apex truncate. Gnathos projection tongue-shaped, ca. 1/3 of uncus length. 
Valva ventral margin nearly straight, dorsal margin convex, apex blunt. Juxta with 
large rounded base, medially conspicuously narrowed, apex duck beak-shaped. Saccus 
small, pointing dorsad.

Female genitalia (N = 1) (Fig. 93). Anterior apophyses with dorsal bump at 
posterior 1/3. Antrum sclerotisation reduced to sclerotised ring. Ductus bursae short, 
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nearly straight. Corpus bursae large, pear-shaped, reticulated on posterior half, ante-
rior half membranous, with faint sclerotisation between thorn and corpus opening. 
Thorn nearly straight, with dents pointing toward thorn apex, basally with small out-
wardly projected extension.

Distribution. Known from Sumatra (Indonesia) at altitudes between 1,200 m 
and 2,100 m.

DNA barcoding. Specimens MTD8234 and MTD LEP 3195 from Borneo show 
an K2P-distance of 2.5–4.4% with the specimen from Sumatra and are recovered as a 
distinct MOTU.

Remarks. Deep barcode divergence between morphologically similar specimens 
from Borneo and Sumatra might represent phylogeographic variability or distinct spe-
cies. Additional material from both regions and a broader set of characters is needed to 
test these hypotheses.

Hoploscopa obliqua (Rothschild, 1915)
Figs 10, 53, 94

Material examined. Holotype: , with labels: “Holo- | type” [round label, red ringed]; 
“Utakwa R[iver]., | Dutch N[ew]. Guin[ea]., | 3000 f[ee]t., Jan[uary]. 1913. | A.F.R. 
Wollaston.”; “437”; “Eudorina | obliqua | Type Rotsch[ild].” [handwritten]; “  | Pyral-
idae | Brit[ish].Mus[eum]. | Slide N°. | 20252”; "N,HMUK 010923283” [barcode 
appended]. Deposited in NHMUK.

Other specimens examined. Papua New Guinea: 2 specimens [abdomens lost] 
(1 with DNA voucher “USNM ENT 00665932”, 1 with DNA voucher “USNM 
ENT 00514731”), 1  (DNA voucher “USNM ENT 00514750”, genitalia on slide 
TL656 ), Madang Province, Wanang village, 05°15'S, 145°17'E, 1700 m, reared 
from Diplazium esculentum, 12.vi.2007, leg. Auga, Molem, Tamtiai, Lilip, Ibalim, Pos-
man, Rimandai, Brus, Novotny, Hrcek (USNM).

Diagnosis. The antennae striped with white and the antemedian oblique white 
streak extended distally into white suffusion in the forewing are unique to this species. 
In male genitalia, the gnathos projection forms a broad plate with a small apical tip. 
In female genitalia, the antrum is membranous, the ductus bursae is long and corpus 
bursae is densely covered with erect papillae on one half.

Similar species. No similar species known.
Description. Head. Antennae dorsally striped with brown and white. Proboscis brown. 

Maxillary palpi brown, base pale brown, apex white. Labial palpi brown with white apex.
Thorax (Fig. 10). Collar white. Forewing length: 8–9 mm (  & ); forewing 

ground colour brown; basal area of a darker brown; antemedian oblique thick white 
streak running from dorsum to upper margin of cell, distally extended into white suf-
fusion; postmedian patch reduced to costal white blotch; postmedian line of a darker 
brown at costa; barely marked subterminal white line incurved inwards at CuA2, run-
ning up to M2; fringes pale brown. Hindwing pale brown. Fore- and midlegs brown, 
tibia and tarsi segments distally white. Hindlegs brown.
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Male genitalia (N = 1) (Fig. 53). Uncus medially conspicuously widened, nar-
rowed at apical 1/4, apex spatulate. Gnathos projecting into a broad spatula-shaped 
plate with small apical tip on its middle. Valva ventral margin gently bent dorsad on 
distal 1/3, dorsal margin convex, apex pointed. Juxta slender, with base rounded, apex 
obtuse. Saccus small, pointing dorsad.

Female genitalia (N = 1) (Fig. 94). Anterior apophyses bent ventrad at 1/3. An-
trum membranous. Ductus bursae long, straight. Corpus bursae globular, with one 
half reticulated, one half with erect papillae, with sclerotised bump on each side of 
thorn. Thorn straight, broad at base, tapering at mid-length, with small dents pointing 
toward thorn apex. Phallus with club-shaped cornutus.

Distribution. Known from the Papua (Indonesia) and Madang Provinces (Papua 
New Guinea) on New Guinea, at altitudes between 1,000 m and 1,700 m.

Phylogenetic relationships. Hoploscopa niveofascia sp. nov. is recovered as sister 
group in the ML analysis of the COI barcode (BS = 95).

Remarks. Nuss (1998) transferred this species from Eudorina to Hoploscopa.

Hoploscopa niveofascia Léger & Nuss, sp. nov.
http://zoobank.org/4112C427-AF2B-4CAE-BDB3-E94033B8E8C2
Figs 11, 56

Material examined. Holotype: , with labels: “Papua New Guinea | Morobe 
Prov[ince]., n[ea]r. Bulolo | Mt. Susu Nat[ional]. Res[erve]., 975m | 27–28 Aug.1983, 
S. Miller | UV Lite, Araucaria For[est]”; “DNA voucher | Lepidoptera | MTD2016 | 
[vertically written:] no. 3162”; “TL442 | ”. Deposited in USNM.

Diagnosis. Hoploscopa niveofascia sp. nov. displays snow white postmedian patch, 
subterminal line and well-marked marginal spots on the forewing. In male genitalia, the 
uncus is broad, with straight lateral margin and a blunt apex. Female genitalia not known.

Similar species. Hoploscopa diffusa. Hoploscopa niveofascia sp. nov. shares with H. 
diffusa the white markings of the forewing. However, postmedian patch of H. diffusa 
is broadly marked with brown, marginal spots are reduced to small dots, and fringes 
exhibit white spots, while fringes are brown in H. niveofascia sp. nov.

Description. Head. Antennae dorsally dark brown. Proboscis white. Maxillary 
palpi dark brown, basally pale brown. Labial palpi dark brown, ventro-basally white.

Thorax (Fig. 11). Thorax dark brown with mesodorsal transversal white line. Collar 
white. Forewing length: 9.5 mm; forewing ground colour dark brown; basal area with-
out marked patches, white scales scattered near dorsum; median discoidal stigma darker 
coloured, rectangular, basally and distally thinly edged with white; postmedian patch 
diffuse, white; postmedian line marked on costal half; subterminal line thick, zigzagging, 
disrupted distally at M1; margin with large white spots; fringes bronze. Fore- and midlegs 
dark brown, with tibia and tarsi segments distally white. Hindlegs brown to bronze.

Abdomen. Male sternum A8 posterior margin straight.
Male genitalia (N = 1) (Fig. 56). Uncus broad with straight lateral margin, apex 

truncate, medially slightly incurved. Gnathos reduced to thin band without poste-
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rior projection. Valva ventral margin bent dorsad on distal half, dorsal margin slightly 
convex, apex pointed. Juxta elongated, with base rounded, medially narrowing, apex 
blunt. Saccus small, pointing dorsad.

Female genitalia Not known.
Distribution. Known from Mount Susu (975 m) in the Morobe Province (Papua 

New Guinea).
Phylogenetic relationships. Hoploscopa obliqua is recovered as sister group in the 

ML analysis of the COI barcode (BS = 95).
Etymology. From the Latin niveus, snowy, and fascia, band, referring to the snow-

white markings on the forewing.

Hoploscopa gombongi Léger & Nuss, sp. nov.
http://zoobank.org/74AD0BB2-8718-42BA-88A3-0C6236302D18
Figs 12, 54, 96

Material examined. Holotype: , with labels: [exuvia pinned under the specimen] 
“Sp. PYRA-106 | YS.2H.3826 | CATY 001 L[ength] 9mm | YC 29975 Leaf M [cir-
cled] Y | Roll [circled] - Tie - Chew - Skel | 10-SEP-2012 [handwritten]”; “Papua New 
Guinea | Yawan village | 06°10'S, 146°5'E [1700m] | L[e]g[i]t B Gewa, J. Kua, | S Sau, 
A. Kinibel | NG Binatang Res[earch]. C[en]t[e]r.”; “USNM ENT: PNG | Madang 
Ecology Project | [barcode] | 00739216” [DNA voucher]; “DNA 2013”; “TL | 653 

”. Deposited in USNM.
Paratypes: 1 , 2 . Papua New Guinea: 1  (“YC29970”, DNA voucher 

“00739200”), 1  (“YC29974”, DNA voucher “00739238”, genitalia on slide TL654 
), same data as holotype except “L=19mm”, “Chew” ( ), “Leaf Y”, “L=14mm”, 

“Tie” ( ), leg. M. Rimandai, S. Sau, A. Kinibel, M. Jimbudo; 1  (“YC28238”, DNA 
voucher “00739199” & MTD7872, genitalia on slide TL657 ), same data as holo-
type except “Chew”, “L=15mm”, 11.ix.2012, leg. M. Rimandai, S. Sau, A. Kinibel, 
M. Jimbudo (USNM).

Diagnosis. The well-marked median cubital and dorsal snow-white patches on 
the forewing segregate this species from its congeners. Median discoidal stigma is trap-
ezoid, reddish brown, postmedian patch is reddish brown, distally edged by thin white 
streak. In male genitalia, the narrow uncus-tegumen connection and the broadly in-
dented uncus apex is unique to this species. In female genitalia, papillae anales are 
thick, not connecting dorsally and ventrally, corpus bursae is small, globular, with a 
long straight thorn.

Similar species. No similar species known.
Description. Head. Antennae dorsally brown. Proboscis pale brown. Maxillary 

palpi dark brown, base and inner side pale yellow to light brown. Labial palpi dark 
brown, ventro-basally pale yellow.

Thorax (Fig. 12). Collar white. Forewing length 10–11 mm ( ), 9–10 mm ( ); 
forewing ground colour dark brown; cubital reddish brown fascia running from basal to 
postmedian area; basal and distal discoidal patches of a darker brown; rhombical reddish 



Théo Léger et al.  /  ZooKeys @@: @@–@@ (2019)28

orange median discoidal stigma therebetween, basally and distally thinly edged with pale 
yellow; median cubital and dorsal patches white, elongated, slightly disrupted at 1A+2A; 
median reddish brown streak running between CuA1 and CuA2 parallel to cubital fascia; 
postmedian roughly quadrangular reddish brown patch, crossed with brown lines, with 
slender white streak abutting dorsally, running up to costa; postmedian line thin, marked 
on costal half; postmedian fascia white, speckled with brown; subterminal line thin, white, 
running more or less straight from dorsum distal 1/4 to apex; subterminal field faintly 
marked with reddish brown; fringes brown, with pale yellow dots. Hindwing pale yellow, 
slightly darker at apex. Legs brown, tibia distally pale yellow, tarsi brown to pale brown.

Abdomen. Male sternum A8 posterior margin bilobed.
Male genitalia (N = 1) (Fig. 54). Uncus slender, entirely sclerotised, forming narrow 

connection to tegumen, narrowed on its middle, apex large, broadly indented. Gnathos 
reduced to barely sclerotised band. Tegumen arms dorso-posteriorly not fused. Valva 
slender, ventral margin nearly straight, gently bent dorsad on distal 1/4, dorsal margin 
convex, valva apex pointed. Juxta with base rounded, medially slightly narrowed with 
weakly sclerotised edges, apex broadly rounded, flanked on each side with sclerotised 
bump covered with setae. Saccus not pronounced. Phallus apically with sclerotised spine.

Female genitalia (N = 2) (Fig. 96). Papillae anales thick, dorsally and ventrally not 
connected. Posterior apophyses bent dorsad. Anterior apophyses widened at posterior 
1/3, with tip pointed dorsad. Antrum sclerotisation as long as broad. Ductus bursae 
long, more or less straight. Corpus bursae small, globular, reticulated, with sclerotisa-
tion between thorn and corpus opening. Thorn straight, with small dents pointing 
toward thorn base, basally with small outwardly projected extension.

Distribution. Known from Yawan village (1,700 m) in the Eastern Highlands 
Province (Papua New Guinea).

Biology. The moths were reared from the fern Diplazium esculentum (Retzius in 
Retzius & König, 1791) Swartz, 1803 (Athyriaceae) (S. Miller, C. Redmond & T. 
Whitfield, pers. comm.).

Etymology. The species epithet gombongi comes from “gombong”, the name for 
fern in the Yau language (https://www.ethnologue.com/language/yuw), referring to the 
larval host plant. This name was suggested by Vojtěch Novotný and Gibson Mayiah.

Hoploscopa tonsepi Léger & Nuss, sp. nov.
http://zoobank.org/B0664603-AEC3-4D7B-8A99-146A6359A88C
Figs 13, 55, 101

Material examined. Holotype: , with labels: [exuvia in a capsule pinned under the 
specimen] “Sp. PYRA-106 | YP.4B.4041 | CATY 002 L 11 mm | YC 30471 Leaf M 
[circled] Y | Roll - Tie - Chew [circled] - Skel | 13 OCT 2012 [handwritten]”; “Papua 
New Guinea | Yawan village | 06°10'S, 146°5'E [1700m] | L[e]g[i]t J. Valeba, J. Auga 
| M. Dilu, F. Philip, R. Lilip | NG Binatang Res[earch]. C[en]t[e]r.”; “USNM ENT: 
PNG | Madang Ecology Project | [barcode] | 00739227” [DNA voucher]; “DNA 
2013”; “TL | 655 ”. Deposited in USNM.
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Paratypes: 2 , 1 . Papua New Guinea: 1  (“YC30467”, DNA voucher 
MTD7874 & “00739207”, genitalia on slide TL661 ), same data as holotype except 
“CATY 001, L = 15 mm”; 1  (“YC30472”, DNA voucher “00739208”), same data 
as holotype except “CATY 001, L = 15 mm”, leg. B. Gewa, J. Kua, S. Sau, A. Kinibel; 
1  (“YC30473”, DNA voucher “00739234” & MTD7873, genitalia on slide TL658 

), same data as holotype except “L = 10 mm” “Roll”, leg. B. Gewa, J. Kua, S. Sau, A. 
Kinibel (USNM).

Diagnosis. Hoploscopa tonsepi sp. nov. displays a triangular reddish brown median 
discoidal stigma with white edges, extending toward dorsum into narrow white cubital 
streak. In male genitalia, the two-armed uncus with two small tips on its middle is 
unique to this species. In female genitalia, the absence of posterior apophyses, the short 
ductus bursae and the small corpus bursae without thorn are atypical for the genus and 
observed only in this species.

Similar species. No similar species known.
Description. Head. Antennae dorsally striped with brown and bronze scales. Pro-

boscis pale yellow, brown at base. Maxillary palpi dark brown, base and inner side pale 
yellow to light brown. Labial palpi dark brown, ventro-basally pale yellow.

Thorax (Fig. 13). Collar pale yellow. Forewing length: 9–10 mm (  & ); fore-
wing ground colour brown, broadly suffused with reddish brown; basal oblique thin 
white streak; cubital reddish brown fascia running from basal to postmedian area; 
basal and distal discoidal patches of a darker brown, basally and distally thinly edged 
with white; median discoidal stigma reddish brown, with V-shaped white edge, to-
gether with narrow white cubital streak forming a Y; postmedian patch roughly tri-
angular, reddish brown, crossed with brown lines, abutted with pale yellow blotch 
at costa; postmedian line broad, marked on costal half; postmedian suffusion faintly 
marked, pale yellow; subterminal line pale yellow, diffuse, running more or less straight 
from dorsum distal 1/4 to apex; subterminal field marked with reddish brown; fringes 
brown, with pale yellow dots. Hindwing pale brown, darker at apex. Forelegs dark 
brown; tibia dark brown, distally pale yellow; tarsi pale yellow. Midlegs with femur 
dark brown; tibia pale yellow, speckled with brown, distally brown; tarsi pale yellow. 
Hindlegs brown; tibia and tarsi segments distally pale yellow.

Abdomen. Male sternum A8 posterior margin bilobed.
Male genitalia (N = 2) (Fig. 55). Uncus broad, entirely sclerotised, on distal half 

extending into two arms with rounded tip, with small dent on inner side, margin be-
tween arms with two small tips on its middle. Gnathos projection plump, ca. 2/3 of un-
cus length. Valva slender, ventral margin nearly straight, dorsal margin slightly convex, 
apex pointed. Juxta with base roughly rounded, medially narrowed, apex blunt, slightly 
incurved. Saccus slightly quadrangular. Coecum penis reduced to a short protrusion.

Female genitalia (N = 1) (Fig. 101). Papillae anales thick, dorsally and ventrally not 
connected. Posterior apophyses absent. Anterior apophyses without bump at posterior 
1/3. Antrum sclerotisation short. Ductus bursae short, slender, straight. Corpus bursae 
very small, ovoid, covered with tiny papillae. Corpus sclerotisation and thorn absent.

Distribution. Known from the Yawan village (1,700 m) in the Eastern Highlands 
Province (Papua New Guinea).
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Biology. The moths were reared from Diplazium esculentum (Retzius in Retzius 
& König, 1791) Swartz, 1803 (Athyriaceae) (S. Miller, C. Redmond, & T. Whit-
field, pers. comm.).

Etymology. Named after Tonsep, a village leader from Papua New Guinea who 
locally conducted the project on which the larvae were collected and reared to adults.

Hoploscopa marijoweissae Léger & Nuss, sp. nov.
http://zoobank.org/D8FBB3AC-2B4B-436E-B939-70FB9B5E9336
Figs 14, 57, 95

Material examined. Holotype: , with labels: “M[oun]t. Goliath [Mount Yamin], | 
5000 f[ee]t., Centr[al]. Dutch N[ew]. Guinea, | ca. 139° long, | February 1911, | (A. 
S. Meek).”; "N,HMUK 010923397” [barcode appended]; “TL | 710 ”. Deposited 
in NHMUK.

Paratypes: 1 , 1 . Indonesia: 1  (NHMUK010923399), 1  
(NHMUK010923351, genitalia on slide TL 709 ), same data as holotype (NHMUK).

Other specimens examined. 1 . Papua New Guinea: 1 , (DNA voucher 
MTD LEP 3157 & genitalia on slide TL437 ) Morobe Province, Mount Kaindi, 
2350 m, 11.xii.1976, leg. G. F. Hevel & R. E. Dietz (USNM).

Diagnosis. This species is recognisable by the brown forewings broadly suffused 
with copper-coloured scales giving them a shiny appearance. Median cubital patch is 
white, discoidal stigma and postmedian patch are yellow, the latter marked with white 
toward dorsum and at costa. In male genitalia, uncus is elongated, with a truncate 
apex, and gnathos projection is ca. half the length of uncus, with truncate apex. In fe-
male genitalia, antrum is barely sclerotised, ductus bursae is long, slender and straight 
and corpus bursae is large, globular, with a small slightly curved thorn.

Similar species. No similar species known.
Description. Head. Antennae dorsally bronze. Proboscis pale yellow. Maxillary 

palpi brown, inner side pale brown. Labial palpi brown, ventrally pale yellow, inner 
side pale brown.

Thorax (Fig. 14). Collar pale yellow. Forewing length 11 mm ( ), 12 mm ( ); 
forewing ground colour brown; broad basal yellow band stretching from subdorsum 
to costa, with crossing veins copper-coloured, edged with copper; costal field copper; 
median discoidal stigma yellow with copper edges, costally filled with copper, forming 
together with cubital trapezoid white patch a canine tooth shape; postmedian patch 
broad, yellow, basally encroached with copper, crossing veins copper-coloured, with 
white blotch at costa; postmedian line broad, marked on costal half; broad copper 
postmedian fascia with crossing veins brown; subterminal field marked with a mix 
of yellow and copper scales; fringe brown, with white dots. Hindwing white to pale 
brown. Forelegs brown. Midlegs with femur brown; tibia pale yellow, apically brown; 
tarsi pale yellow to pale brown. Hindlegs with femur brown; tibia pale yellow, speckled 
with brown; tarsi pale brown.
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Abdomen. Male sternum A8 posterior margin bilobed.
Male genitalia (N = 1) (Fig. 57). Uncus long and slender, with straight lateral 

margin, apex blunt. Gnathos projection ca. half the length of uncus, blunt. Valva ven-
tral margin nearly straight, in basal half slightly concave, dorsal margin conspicuously 
rounded, apex pointed. Juxta with base rounded, notched on its middle, medially nar-
rowed, apex rounded, faintly notched on its middle. Saccus triangular. Phallus with 
truncate cornutus.

Female genitalia (N = 1) (Fig. 95). Anterior apophyses conspicuously widened 
at posterior 1/3, with tip pointing dorsad. Antrum sclerotisation weak, ca. as long as 
broad. Ductus bursae straight, slender. Corpus bursae large, globular, posterior half re-
ticulated, anterior half membranous, with weak sclerotisation between corpus opening 
and thorn. Thorn long, slightly curved, with small dents pointing toward thorn base, 
basally with small outwardly projected extension.

Distribution. Known from Mount Yamin (Indonesia: Papua), and Mount Kaindi 
(Papua New Guinea: Morobe Province), at altitudes between 1,700 m and 2,350 m.

Etymology. Dedicated to the late Marijo Weiss, a close friend of Théo Léger’s family.
Remarks. The specimen from Mount Kaindi is very similar to those from Mount 

Yamin but its postmedian fascia of the forewing is yellow and copper instead of dark 
copper, and uncus and gnathos projection are slightly longer in male genitalia.

Hoploscopa titika Léger & Nuss, sp. nov.
http://zoobank.org/8B31F2F7-6FD3-4C8D-85E2-43D87F3EEF3E
Figs 15, 58

Material examined. Holotype: , with labels: “Sumatra-Holzweg | 25 km SSW-
Pematangsiantar | straße nach Prapat [road to Prapat], L[icht]F[ang] [light trap] | 
13.ii.1996, leg. A. Kallies”; “coll[ection]. M. Nuss | Geschenk 2000 | Museum für 
Tier- | kunde Dresden”; “DNA voucher | Lepidoptera | MTD 2016 | [vertically writ-
ten:] no. 3206”; “TL505 | ”. Deposited in MTD.

Diagnosis. Hoploscopa titika sp. nov. is recognisable by its well-marked white 
quadrangular median cubital spot on the forewing. In male genitalia, the gnathos pro-
jection is reduced to a small ridge, and the dorsal margin of the valva is rounded, 
broadly sclerotised. Female genitalia not known.

Similar species. No similar species known.
Description. Head. Antennae dorsally with pale yellow to bronze scales. Probos-

cis white. Maxillary palpi brown, inner side white to pale brown. Labial palpi brown, 
ventro-basally white.

Thorax (Fig. 15). Collar white. Forewing length: 9 mm; forewing ground colour 
brown; basal patch extending from dorsum to subcosta, red, with small basal pale 
yellow spot; median discoidal stigma triangular, white, filled with red and pale yellow 
scales, with white trapezoid cubital patch abutting dorsally; postmedian patch roughly 
quadrangular, white, filled with red and pale yellow scales; subterminal line diffuse, 
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white; subterminal field marked with red and pale yellow; fringe missing on specimen. 
Forelegs lost. Mid- and hindlegs white to pale yellow.

Abdomen. Male sternum A8 posterior margin bilobed, with pair of lateral papil-
lae-like protuberances.

Male genitalia (N = 1) (Fig. 58). Uncus long and slender, gently tapering toward 
apex, apex tongue-shaped. Gnathos projection limited to small ridge. Valva broad, 
ventral margin bent dorsad on distal 1/3, dorsal margin conspicuously convex, apex 
pointed. Juxta with base rounded, medially straight, apex blunt. Saccus small, pointing 
dorsad. Phallus apically with sclerotised spine.

Female genitalia. not known.
Distribution. Known from North Sumatra (Indonesia).
Etymology. The species name titika comes from the Indonesian word “titik” mean-

ing spot or dot, referring to the white median cubital spot of the forewing.

Hoploscopa pangrangoensis Léger & Nuss, sp. nov.
http://zoobank.org/B24AA14E-0E31-4CF0-BCDC-85DB29385473
Figs 16, 59, 97

Material examined. Holotype: , with labels: “Indonesia, Java, M[oun]t. Pangrange 
| 30 km S[outh]E[ast] Bogor, 1625 m | primary forest 16–20.ii.1996 | 6.30S 107.10E 
leg. Siniaev & Afonin”; “Lepidoptera | date: i.2018 | MTD 7433 | [vertically written:] 
DNA-voucher”; “TL | 636 ”. Deposited in ZMHB.

Paratypes: 4 , 1 . Indonesia: 2  (1 with genitalia on slide TL659 ), 1  
(DNA voucher MTD7431, genitalia on slide TL627 ), same data as holotype; 2  (1 
with genitalia on slide TL660 ), same data as holotype except 21–26.ii.1996 (ZMHB).

Diagnosis. The forewing markings of H. pangrangoensis sp. nov. are reduced to a 
small crescent-shaped median discoidal stigma; median cubital and dorsal patches are 
not marked, and postmedian patch is reduced to a blotch at costa. In male genitalia, 
the uncus is medially widened and the gnathos projection shows a finger-like projec-
tion ca. half the length of uncus. In female genitalia, the thin longitudinal sclerotised 
lines of the antrum are unique to this species.

Similar species. Hoploscopa parvimacula sp. nov. (q.v.), H. sumatrensis sp. nov. 
Hoploscopa sumatrensis sp. nov. shares with H. pangrangoensis sp. nov. the crescent-
shaped pale yellow median discoidal stigma on the forewing and the small median 
cubital patch. However, median discoidal stigma and postmedian patch are filled with 
reddish brown in H. sumatrensis sp. nov.. In male genitalia, the gnathos projection 
reaches 4/5 of the uncus length in H. sumatrensis sp. nov. In female genitalia, antrum 
of H. sumatrensis sp. nov. is completely sclerotised.

Description. Head. Antennae dorsally striped with brown and bronze scales. 
Proboscis pale brown. Maxillary palpi brown, ventro-basally pale yellow. Labial palpi 
brown, base and inner side pale yellow.
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Thorax (Fig. 16). Collar pale yellow. Forewing length: 10–11 mm (  & ); fore-
wing ground colour brown; basal dark brown dash distally pale yellow; small pale yel-
low spot at base of cell; basal and distal discoidal patches dark brown; median discoidal 
stigma forming costa facing C, white to pale yellow; median cubital blotch pale yellow; 
postmedian pale yellow streak at costa, distally with dark brown streak; postmedian area 
speckled with pale yellow; subterminal line pale yellow, diffuse; fringes brown, with pale 
yellow dots. Hindwing pale brown. Forelegs brown, tarsi pale brown. Midlegs with femur 
brown; tibia brown speckled with pale yellow; tarsi pale yellow speckled with bronze. 
Hindlegs with femur brown; tibia pale yellow, speckled with pale brown; tarsi pale yellow.

Abdomen. Male sternum A8 posterior margin notched, with pair of lateral papil-
lae-like protuberances.

Male genitalia (N = 2) (Fig. 59). Uncus medially widened, narrowed on apical 
1/4, apex blunt. Gnathos projection finger-shaped, ca. half the length of uncus. Valva 
ventral margin straight, gently bent dorsad on distal 1/3, dorsal margin conspicuously 
convex; apex slightly pointed. Juxta with base quadrangular, medially narrowing, apex 
roughly rounded. Saccus triangular, conspicuously pointing dorsad.

Female genitalia (N = 2) (Fig. 97). Anterior apophyses with dorsal bump at poste-
rior 1/3. Antrum elongated, membranous, with thin longitudinal sclerotised lines, an-
teriorly with minute sclerotised markings. Ductus bursae bent posterad before corpus 
opening. Corpus bursae pear-shaped, reticulated, with sclerotisation between thorn 
and corpus opening and faintly marked sclerotised band medially. Thorn straight, with 
small dents pointing toward thorn apex.

Distribution. Known from the slopes of Mount Pangrango (3019 m) on Java 
(Indonesia), at an altitude of 1,625 m.

Etymology. Named after Mount Pangrango, a dormant stratovolcano on Java, 
where the specimens were collected.

Hoploscopa isarogensis Léger & Nuss, sp. nov.
http://zoobank.org/C77DFE2E-3B02-4738-8F3E-E8139D571FEB
Figs 17, 60, 100

Material examined. Holotype: , with labels: “Philippines, South Luzon | M[oun]
t Isarog | 13°40'N, 123°20'E, 530 m | submontane forest, at light | 22.iii.2000, leg. 
M. Nuss”; “DNA Barcode | BC MTD 01431”; “DNA voucher | Lepidoptera | MTD 
2016 | [vertically written:] no. 3198”; “TL514 | ”. Deposited in MTD.

Paratypes: 2 , 7 . Philippines: 1  (DNA vouchers MTD LEP14 & MTD 
LEP3209, genitalia on slide TL507 ), 5  (1 with DNA voucher MTD LEP43 & 
MTD LEP3208, genitalia on slide TL528 ; 1 with DNA barcode BC MTD 01430; 
1 with DNA voucher MTD LEP3199 & genitalia on slide TL520 , 1 with DNA 
voucher MTD LEP3200 & genitalia on slide TL523 ), same data as holotype; 1 , 1 

 (  with genitalia on slide TL762 ), same date and locality as holotype, leg. Mey & 
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Ebert; 1  (DNA voucher MTD7422 & genitalia on slide TL621 ), Laguna, Pangil, 
50 m, 11.iv.1997, leg. Mey & Speidel (MTD).

Other specimens examined. 2 , 7 . Philippines: 1  (DNA voucher MTD7420 
& genitalia on slide TL626 ), 6  (4 with DNA voucher MTD7418, MTD8143, 
MTD8144, MTD8146, MTD8148 and genitalia on slide TL630 , TL704 , TL705 

, TL720 , TL719  respectively, 2 with DNA voucher MTD8145 & MTD8147), 
Leyte, Lake Danao, 650 m, 14.-17.4.1997, leg. W. Mey & W. Speidel (ZMHB); 1  
(DNA voucher MTD7423 & genitalia on slide TL631 ), Mindoro, Mt Baco Pass, 
1150 m, 14.i.1998 (Mey & Samarita); 1  (DNA voucher MTD7424 & genitalia 
voucher on slide TL619 ), Mindoro, Mt Halcon, 1300 m, 15–17.i.1998 (Mey & 
Samarita) (ZMHB);

Diagnosis. Hoploscopa isarogensis sp. nov. is a relatively small brown-winged spe-
cies (forewing length = 7–9.5 mm) with red markings edged yellow. Median discoidal 
stigma, cubital and dorsal patches form together a disrupted band, and postmedian 
patch is red with a pale yellow blotch at costa. In male genitalia, the apex of the uncus 
is duck beak-shaped, with a small marked bump on its ventral side, and gnathos pro-
jection is ca. 1/3 of uncus length, with an indented apex. In female genitalia, the cor-
pus bursae displays a clearly delimited sclerotisation between the thorn and the corpus 
opening, and bears a long, thick, curved thorn.

Similar species. Hoploscopa cynodonta sp. nov. (q.v.), H. ignitamaculae sp. nov. 
(q.v.), H. agtuuganonensis sp. nov. The forewings of H. agtuuganonensis sp. nov. display 
a trapezoid median discoidal stigma, and median markings are only slightly disrupted, 
while they are well separated in H. isarogensis sp. nov. In male genitalia, gnathos projec-
tion reaches 2/3 of uncus length and has a truncate apex. In female genitalia, ductus 
bursae is long, broad, with one loop, while it is shorter, slender and straight in H. 
isarogensis sp. nov., and the small corpus bursae displays one plump thorn with a small 
sclerotisation at its base.

Description. Head. Antennae dorsally brown. Proboscis pale yellow. Maxil-
lary palpi brown, base and inner side pale brown. Labial palpi brown, ventro-
basally pale yellow.

Thorax (Fig. 17). Collar white. Forewing length: 7–8 mm ( ), 8–9.5 mm ( ); 
forewing ground colour brown; broad basal patch pale yellow to yellow, crossed by 
longitudinal reddish brown fascia running up to centre of wing; costal field reddish 
brown; median discoidal stigma rhomboid to elliptic, pale yellow, filled with red-
dish brown; cubital and dorsal pale yellow patches forming with median discoidal 
stigma an oblique band disrupted at veins; postmedian patch roughly triangular, red-
dish brown, more or less speckled with pale yellow, with pale yellow blotch at costa; 
subterminal line pale yellow, conspicuously incurved inwards at CuA2; subterminal 
field marked with reddish brown; fringe brown, with pale yellow dots. Hindwing pale 
brown. Forelegs brown. Midlegs brown, inner side pale yellow. Hindlegs brown, tibia 
marked with pale yellow.

Abdomen. Male sternum A8 posterior margin broadly indented, with pair of lat-
eral papillae-like protuberances.
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Male genitalia (N = 2) (Fig. 60). Uncus long, medially broadened, narrowed at 
apical 1/4, apex duck beak-shaped, medio-ventrally with a small bump projecting ven-
trad. Gnathos projection ca. 1/3 of the uncus length, with apex notched. Valva ventral 
margin nearly straight, gently bent dorsad on distal 1/4, dorsal margin slightly convex, 
apex truncated. Juxta broad, with base rounded, medially slightly narrowed, apex split 
into two weakly sclerotised tips. Saccus quadrangular.

Female genitalia (N = 6) (Fig. 100). Anterior apophyses with small dorsal bump 
at posterior 1/3. Antrum sclerotisation short, ca. as wide as long. Ductus bursae nearly 
straight. Corpus bursae globular and reticulated but in some specimens with a rounded 
pouch-like extension, with well-marked sclerotisation between thorn and ductus bur-
sae opening, medially with faintly sclerotised band. Thorn sabre-like, curved, with 
small dents pointing toward thorn base.

Distribution. Known from the Luzon and Mindoro islands (Philippines), be-
tween sea level and 1,150 m.

DNA-barcoding. Specimens from Luzon and Leyte show an K2P-distance of 
3.4–3.9% and are recovered in two MOTUs.

Etymology. Named after Mount Isarog (1966 m), a volcano on Luzon Island 
(Philippines) where the species is found.

Remarks. Minor differences were observed in male and female genitalia of the 
specimens from Leyte. However, with only one male from Leyte on hand, we refrained 
from drawing further conclusions here.

Hoploscopa ypsilon Léger & Nuss, sp. nov.
http://zoobank.org/06694A15-8524-4AB3-AAC0-2874511AC4F3
Figs 18, 61, 98

Material examined. Holotype: , with labels: “Philippinen, Luzon | M[oun]t[ai]n. 
Prov[ince]., Barlig | 1650 m, 14–15.XI.97 | leg. Mey, Ebert, Nuß”; “DNA voucher | 
Lepidoptera | date: ix.2018 | MTD8138 | [vertically written:] DNA-voucher”; “TL699 
| ”. Deposited in ZMHB.

Paratypes: 9 , 15 . Philippines: 4 , 10  (1 with DNA voucher MTD7429 
& genitalia on slide TL623 ), same data as holotype; 3  (1 with genitalia on slide 
TL677 ), 5  (1 with DNA voucher MTD7427 & genitalia on slide TL620 , 
1 with DNA voucher MTD7428 & genitalia on slide TL637 ), Luzon, Moun-
tain Province, Chatol, 2100 m, 16–18.xi.1997, leg. Mey, Ebert & Nuss; 1  (DNA 
voucher 7435 & genitalia on slide TL624 ), Luzon, Ifugao, Mount Polis, 2000 m, 
13.xi.1997, leg. Mey, Ebert & Nuss; 1  (DNA voucher MTD8137), Luzon, Santa 
Fe, Bald Mountain, 1150 m, 11–13.xi.1997, leg. Mey, Ebert & Nuss (ZMHB).

Diagnosis. Hoploscopa. ypsilon sp. nov. displays well-marked white coloured mark-
ings on the forewing. Median discoidal stigma and cubital patch are Y-shaped, post-
median patch is triangular and subterminal line is conspicuously incurved inwards at 
CuA2. In male genitalia, the gnathos forms a short, broadly rounded projection.
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Similar species. Hoploscopa danaoensis sp. nov. This species displays pale yellow 
markings on the forewing, the postmedian area is more or less broadly suffused with 
pale yellow, with subterminal line only slightly incurved inwards at CuA2. In male 
genitalia, H. danaoensis sp. nov. has a tongue-shaped projection ca. half the uncus 
length. Female genitalia are very similar to those of H. danaoensis sp. nov. and cannot 
be confidently separated.

Description. Head. Antennae dorsally with brown scales. Proboscis brown, speck-
led with pale yellow. Maxillary palpi brown, inner side and base pale yellow. Labial 
palpi brown, ventral base and tip pale yellow.

Thorax (Fig. 18). Collar pale yellow. Forewing length: 9–10 mm ( ), 9.5–11 mm 
( ); forewing ground colour dark brown; basal dark brown blotch with oblique white 
streak abutting at costa; median discoidal stigma V-shaped, white, edged with darker 
brown, together with white cubital streak forming a Y; postmedian patch triangular, 
white, invaded with light brown toward costa, edged with darker brown; subterminal line 
white, conspicuously incurved inwards at CuA2; fringes brown, with pale yellow dots. 
Hindwing pale brown, darker at apex. Forelegs brown; tarsi brown to pale brown. Midlegs 
with femur brown; tibia brown, speckled with pale yellow; tarsi pale yellow. Hindlegs with 
femur brown; tibia brown speckled with pale yellow, distally pale yellow; tarsi pale yellow.

Abdomen. Male sternum A8 posterior margin bilobed.
Male genitalia (N = 3) (Fig. 61). Uncus long, slightly narrowed on apical 1/4, 

apex duck beak-shaped. Gnathos projection broad, very short, with broadly rounded 
apex. Valva ventral margin gently bent dorsad on distal 1/3, dorsal margin conspicu-
ously convex, apex slightly pointed. Juxta with base rounded, medially slightly nar-
rowed, apex broadly incurved. Saccus small, quadrangular.

Female genitalia (N = 3) (Fig. 98). Anterior apophyses with dorsal bump at 
1/3. Antrum sclerotisation short, ca. as wide as long. Ductus bursae kinked before 
corpus opening. Corpus bursae pear-shaped, reticulated, with sclerotisation between 
thorn and corpus opening and faintly marked sclerotised band medially. Thorn small, 
straight, with small dents pointing toward thorn apex.

Distribution. Known from the Ifugao, the Mountain and the Nueva Vizcaya 
Provinces on the Luzon island (Philippines), at altitudes between 1,150–2,100 m.

DNA barcoding. The highest intraspecific divergence is 0.7%. The nearest neigh-
bor is H. danaoensis sp. nov. (2.9–3.1%).

Etymology. The species name ypsilon, for the Greek letter Y, refers to the shape of 
the median markings on the forewing.

Hoploscopa danaoensis Léger & Nuss, sp. nov.
http://zoobank.org/CE945458-F671-4EE7-8E5B-FA18C6CC58AC
Figs 19, 62, 99

Material examined. Holotype: , with labels: “Philipinen [sic], Leyte | Lake Danao, 650 
m | 14.-17.4.1997 | leg. Mey & Speidel”; “DNA voucher | Lepidoptera | date: i.2018 | 
MTD7419 | [vertically written:] DNA-voucher”; “TL | 632 ”. Deposited in ZMHB.
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Paratypes: 6 , 11 . Philippines: 6  (2 with genitalia on slide TL721  & 
TL722 ), 11  (1 with DNA voucher MTD7421 & genitalia on slide TL618 , 
1 with DNA voucher MTD8142 & genitalia on slide TL703, 1 with DNA voucher 
MTD8141 & genitalia on slide TL702 ), same data as holotype (ZMHB).

Other specimens examined. 2 , 9 . Philippines: 1  (genitalia on slide TL681 
), 1  (DNA voucher MTD7417 & genitalia on slide TL615 ), Mindanao, 1050 

m, Mt Agtuuganon, 28.v.-7.vi.1996, leg. W. Mey; 1  (DNA voucher MTD8140 
& genitalia on slide TL701 ), 8  (DNA voucher MTD8139 & genitalia on slide 
TL700 ), Negros, Patag, Lake Danao, 1400m, 21.5.96, leg. W. Mey (ZMHB).

Diagnosis. The forewings of H. danaoensis sp. nov. displays pale yellow median mark-
ings forming a Y. In male genitalia, the uncus displays a straight lateral margin and an ob-
tuse apex, and the tongue-shaped gnathos projection reaches ca. half of the uncus length. 
The juxta is progressively narrowing toward the notched apex. Female genitalia are very 
similar to several other Hoploscopa species, e.g., H. ypsilon sp. nov., H. parvimacula sp. nov.

Similar species. Hoploscopa brunnealis (q.v.), H. ypsilon sp. nov. (q.v.), H. 
metacrossa (q.v.).

Description. Head. Antennae dorsally with brown scales. Proboscis pale brown, of 
a darker brown at base. Maxillary palpi brown, basally pale yellow, inner side pale brown. 
Labial palpi brown, ventro-basally pale yellow, inner side speckled with pale yellow.

Thorax (Fig. 19). Collar pale yellow. Forewing length: 8 mm ( ), 8–9 mm ( ); fore-
wing ground colour brown; basal dark brown blotch distally pale yellow; median discoidal 
stigma V-shaped, white to pale yellow, with dark brown basal and distal edges; cubital 
patch elongated, white to pale yellow, together with median discoidal stigma forming a Y; 
postmedian patch roughly triangular, white to pale yellow, broadly invaded with brown, 
edged with darker brown; postmedian line marked on costal half; subterminal line thick, 
white to pale yellow, incurved inwards at CuA2, angled at M1; fringes brown, with diffuse 
pale yellow dots. Hindwing pale brown. Forelegs brown, tarsi pale brown. Midlegs with 
femur brown; tibia brown, speckled with pale yellow, distally pale yellow; tarsi pale yellow. 
Hindlegs with femur brown; tibia pale yellow, speckled with pale brown; tarsi pale brown.

Abdomen. Male sternum A8 posterior margin straight.
Male genitalia (N = 1) (Fig. 62). Uncus long with straight lateral margin, apex 

obtuse. Gnathos projection tongue-shaped, ca. half the uncus length. Valva ventral 
margin gently bent dorsad on distal 1/3, dorsal margin conspicuously convex, apex 
slightly pointed. Juxta with base quadrangular, tapering toward apex, apex notched. 
Saccus small, pointing dorsad.

Female genitalia (N = 1) (Fig. 99). Anterior apophyses with dorsal bump at poste-
rior 1/3. Antrum short, as long as broad. Ductus bursae short, straight, kinked before 
corpus bursae. Corpus bursae broad, pear-shaped, reticulated, with elongated sclero-
tisation between thorn and corpus opening, medially with sclerotised band. Thorn 
straight, with small dents pointing toward thorn apex.

Distribution. Known from Lake Danao (650 m) on Leyte island (Philippines).
DNA barcoding. Morphologically similar specimens from Mindanao and Negros 

are recovered in two separate MOTUs and show a divergence of 3.9–4.2% with H. 
danaoensis sp. nov.
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Figures 19–33. Habitus of Hoploscopa species 19 Hoploscopa danaoensis sp. nov., paratype, , Philip-
pines, Leyte, Lake Danao, 650 m, 14–17.iv.1997 (Mey & Speidel) 20 Hoploscopa aurantiacalis Snellen lec-
totype, , NHMUK010923286, Indonesia, Java occ., Pengaleng, 4000 ft, 1893 (genitalia on slide Pyrali-
dae Brit. Mus. Slide N° 20246) 21 Hoploscopa brunnealis Snellen, lectotype, , NHMUK010923292, 
Indonesia, Java occ., Pengaleng, 4000 ft, 1893 (genitalia on slide Pyralidae Brit. Mus. Slide N° 20247) 
22 Hoploscopa ocellata Hampson, holotype, , NHMUK010923358, Indonesia, Moluccas, Batchian, 
iii.1892 (W. Doherty) (genitalia on slide Pyralidae Brit. Mus. Slide N° 20258) 23 Hoploscopa quadripuncta 
Rotschild, holotype, , NHMUK010923357, Indonesia, Papua, Utakwa River, 3000 ft, i.1913 (A.F.R. 
Wollaston) (genitalia on slide Pyralidae Brit. Mus. Slide N° 20257) 



Twenty-six new species of Hoploscopa 39

Etymology. Named after Lake Danao on Leyte where the species is found.
Remarks. Minor differences were observed in male genitalia of the specimens from 

Mindanao and Negros. However, we only had one male on hand for each series. In 
absence of further evidence, we refrained from describing further species here.

Hoploscopa aurantiacalis (Snellen, 1895)
Figs 20, 102

Material examined. Lectotype: , with labels: “Lecto- | type” [purple ringed]; “SYN- 
| TYPE” [blue ringed]; “F1893 | Java occ. | Pengaleng | 4000’ F[ee]t” [handwrit-
ten, label squared with silver]; “Syncrotaula | aurantiacalis | Snellen | det. M. Shaffer, 
1967” [handwritten]; “Lectotype | Eudorina | aurantiacalis | Snellen | det. M. Nuß” 
[handwritten]; “99.113.”; “  | Pyralidae | Brit[ish].Mus[eum]. | Slide N°. | 20246”; 
“GU Nr 659 | prep. M. Nuß”; "N,HMUK 010923286” [barcode appended]. Depos-
ited in NHMUK.

Diagnosis. The median discoidal stigma, cubital and dorsal patches of the fore-
wings form an oblique thin white streak. In female genitalia, the membranous pouch 
anterad from the antrum and the leaf-shaped sclerotisation of the corpus bursae allows 
to recognise this species. Male genitalia are not known.

Similar species. No similar species known.
Description. Head. Antennae dorsally brown. Proboscis pale yellow. Maxillary 

palpi brown, base pale yellow, inner side pale brown. Labial palpi brown, ventral base 
and inner side pale yellow.

Figures 19–33. Continued. 24 Hoploscopa semifascia Hampson, , NHMUK010923321, Papua 
New Guinea, Southern Highlands, Bosavi, 570 m, 6.i.1986 (D. Agassiz) (genitalia on slide TL740 ) 
25 Hoploscopa subvariegata Rothschild, , Morobe Province, near Wau, Mt. Kaindi, 2360 m, 27–28.
vii.1983 (S. E. & P. M. Miller) (genitalia on slide TL642 ) 26 Hoploscopa persimilis Rothschild, lec-
totype, , NHMUK010923328, Indonesia, Papua, Utawka River, 3000 ft., i.1913 (A.F.R. Wollas-
ton) (genitalia on slide Pyralidae Brit. Mus. Slide N° 20255) 27 Hoploscopa astrapias Meyrick, lecto-
type, , NHMUK010923383, Fiji, Vunîdawa, 2.i.1932 (genitalia on slide Pyralidae Brit. Mus. Slide 
N° 20241) 28 Hoploscopa anamesa Tams, , NHMUK010923466, Vanuatu, Aneityum Island, Red 
Crest, 3 m NE of Anelgauhat, 1200 ft, vi.1955 (E. Cheesman) (genitalia on slide TL718 ) 29 Hop-
loscopa nauticorum Tams, allotype, , Samoan, Upolu Island, Malololelei, 2000 ft, 21.ii.1925 (P. 
A. Buxton & G. H. Hopkins) 30 Hoploscopa diffusa Hampson, lectotype, , NHMUK010923338, 
Papua New Guinea, Fergusson Island, x-xi.1894 (A. S. Meek) (genitalia on slide Pyralidae Brit. Mus. 
Slide N° 1014 ) 31 Hoploscopa triangulifera Hampson, , NHMUK010923453, Biagi, Mam-
bare R., 1600 m, iii.1906 (A. S. Meek) (genitalia on slide TL712 ) 32 Hoploscopa anacantha sp. 
nov., holotype, , NHMUK010923444, Indonesia, North Sumatra, Dumoga-Bone N. P., Gunung 
Mogogonipa, summit, 1008 m, 18–20.x.1985 (genitalia on slide TL759 ) 33 Hoploscopa kelama 
sp. nov., paratype, , NHMUK010923342 , Indonesia, North Sulawesi, Dumoga-Bone National 
Park, Clarke Camp, lower montane forest, 1140 m, x.1985 (Royal Entomological Society of London, 
Project Wallace) (genitalia on slide TL759 ).
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Thorax (Fig. 20). Collar white. Forewing length: 10 mm; forewing ground col-
our brown; basal longitudinal red fascia dorsally edged with pale yellow, running up 
to postmedian area; costal field reddish brown; median oblique white streak extend-
ing from cell down to dorsal area, slightly split costally; postmedian patch reddish 
brown speckled with white, with costal white blotch; postmedian line marked on cos-
tal half; postmedian suffusion white; subterminal line white; subterminal field broadly 
marked with reddish brown; margin brown, chequered with pale yellow. Hindwing 
pale brown. Fore- and midlegs brown to bronze. Hindlegs with femur bronze, tibia 
pale yellow speckled with bronze, tarsi bronze.

Male genitalia. Not known.
Female genitalia (N = 1) (Fig. 102). Anterior apophyses bent ventrad at 1/3, 

without bump. Antrum sclerotisation short, broad. Ductus bursae short, with a 
rounded pouch at base, one loop on its middle. Corpus bursae rounded, extend-
ing lateral into a broad pouch, posterior half reticulated, anterior half with erect 
papillae, with leaf-shaped sclerotisation at corpus opening. Thorn long, flattened, 
straight, thinly indented.

Distribution. Recorded from West Java (Indonesia), at an altitude of 1,300 m.
Remarks. Nuss (1998) transferred this species from Eudorina to Hoploscopa and 

designated the lectotype.

Hoploscopa brunnealis (Snellen, 1895)
Figs 21, 103

Argyria xiphotoma Meyrick, 1938

Material examined. Lectotype: , with labels: “Lecto- | type” [round label, purple 
ringed]; “SYN- | TYPE” [round label, ringed blue]; “F1893 | Java occ[idental]. | Pen-
galeng | 4000’ F[ee]t” [handwritten, squared with silver]; “99.113.” [handwritten] | 
“Syncrotaula | brunnealis | Snellen [handwritten] | det. M. Shaffer, 1967”; “Lecto-
type | Eudorina | brunnealis | Snellen | det. M. Nuß” [handwritten]; “GU Nr. 660 | 
prep. M. Nuß”; “  | Pyralidae | Brit[ish].Mus[eum]. | Slide N°. | 20247”; "N,HMUK 
010923292” [barcode appended]. Deposited in NHMUK.

Diagnosis. Hoploscopa brunnealis displays a forewing pattern very similar to that 
of H. danaoensis sp. nov., with a median pale yellow Y, a postmedian pale yellow patch 
invaded with brown or tawny and a pale yellow subterminal line. In female genitalia, 
the antrum sclerotisation is short, the ductus bursae is short, straight, and the corpus 
bursae is pear-shaped, with a small straight thorn. Male genitalia are not known.

Similar species. Hoploscopa danaoensis sp. nov., H. metacrossa (q.v.), H. parvimac-
ula sp. nov. (q.v.). Female genitalia of se species display a larger antrum sclerotisation.

Description. Head. Antennae dorsally with bronze scales. Proboscis pale brown to 
pale yellow. Maxillary palpi brown, base and inner side pale yellow. Labial palpi brown, 
ventral base and inner side pale yellow.



Twenty-six new species of Hoploscopa 41

Thorax (Fig. 21). Forewing length: 10 mm; ground colour brown; basal dash dark 
brown distally pale yellow; costal field tawny; median discoidal stigma and median cu-
bital patch forming together a pale yellow-coloured Y, with basal and distal edges dark 
brown; postmedian patch tawny speckled with pale yellow, distally pale yellow, with 
costal pale yellow blotch; postmedian area suffused with pale yellow; subterminal line 
pale yellow; fringes brown, with pale yellow dots.

Male genitalia. Not known.
Female genitalia (N = 1) (Fig. 103). Anterior apophyses without dorsal bump 

at posterior 1/3, Antrum sclerotisation short. Ductus bursae short, slender, more or 
less straight. Corpus bursae pear-shaped, with posterior half reticulated, anterior half 
membranous, with faintly marked sclerotisation between thorn and corpus opening, 
medially with faintly marked sclerotised band. Thorn small, straight, with small dents 
pointing toward thorn base.

Distribution. Recorded from West Java (Indonesia) at an altitude of 1,300 m.
Remarks. Nuss (1998) transferred this species from Eudorina to Hoploscopa and 

designated the lectotype. Argyria xiphotoma Meyrick, 1938 is synonymised with Hop-
loscopa brunnealis in the same paper.

Hoploscopa ocellata (Hampson, 1919)
Figs 22, 104

Material examined. Holotype: , with labels: “Holo- | type” [round label, red ringed]; 
“Batchian [Bacan islands] | Mar[ch]. 1892 | W. Doherty”; “Pyrocrambia | ocellata | 
type . H[a]mps[o]n.” [handwritten]; “  | Pyralidae | Brit[ish].Mus[eum]. | Slide N°. 
| 20258”; "N,HMUK 010923358” [barcode appended]. Deposited in NHMUK.

Diagnosis. The large oblique elliptic white patch at base of the forewing, the me-
dian trapezoid and postmedian semi-elliptic tawny patches are unique to H. ocellata. 
In female genitalia, the long, wrinkled and multicoiled ductus bursae, the ovoid corpus 
bursae bearing long acanthae, and the long glabrous thorn unequivocally segregates H. 
ocellata from other Hoploscopa species. Male genitalia are not known.

Similar species. No similar species known.
Description. Head. Antennae dorsally brown. Proboscis pale yellow. Maxillary 

palpi brown, basally pale yellow. Labial palpi brown, ventro-basally pale yellow.
Thorax (Fig. 22). Collar white. Forewing length: 10 mm; forewing ground colour 

brown; large elliptic white basal patch with dark brown edges; basal and distal discoidal 
patches of a darker brown; median discoidal stigma there between trapezoid to square, 
tawny, basally thinly edged with white; postmedian patch semi-elliptic, tawny, distally 
with white costal streak; subterminal line more or less straight, disrupted at M1, white, 
distally dark brown on dorsal 2/3; subterminal field suffused with white; fringes brown 
with lighter spots. Hindwing pale brown. Fore- and hindlegs brown, with tibia and 
tarsi segments distally white. Midlegs lost.

Male genitalia. Not known.
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Female genitalia (N = 1) (Fig. 104). Papillae anales thin, dorsally and ventrally 
not connected. Anterior apophyses bent ventrad at 1/3, without bump. Antrum mem-
branous. Ductus bursae long, narrow, wrinkled, multi-coiled. Corpus bursae ovoid, 
with one half reticulate, the other half densely covered with long acanthae, medially 
with sclerotised band. Thorn long, slender, straight, without dents.

Distribution. Recorded from Bacan island in the Moluccas (Indonesia).
Remarks. Nuss (1998) transferred this species from Eudorina to Hoploscopa.

Hoploscopa quadripuncta (Rotschild, 1915)
Figs 23, 63, 105

Material examined. Holotype: , with labels: “Holo- | type” [round label, red ringed]; 
“Utakwa [sic, Oetakwa] R[iver]., | Dutch N[ew]. Guin[ea]., | 3000 f[ee]t., Jan. 1913. | 
A.F.R. Wollaston.”; “Eudorina | quadripuncta | Type Rotsch[ild].”; “436”; “  | Pyrali-
dae | Brit[ish].Mus[eum]. | Slide N°. | 20257”; "N,HMUK 010923357” [barcode 
appended]. Deposited in NHMUK.

Other specimens examined. 3 , 1 . Indonesia: 1  (NHMUK010923460, 
DNA voucher MTD8249 & genitalia on slide TL734 ), Moluccas, Seram, Gunung 
Kobipoto, north slopes, 570 m (NHMUK010923460), lowland forest, viii-ix.1987, leg. 
J. D. Holloway, D. T. Jones et al.; 1  (NHMUK010923459, DNA voucher MTD8248 
& genitalia on slide TL733 ), same data except 900 m. Papua New Guinea: 1 , 1 , 
Hydrographers Mountains, 830 m, i.1918, Rothschild bequest (NHMUK).

Diagnosis. The white-coloured basal patch and median discoidal stigma as well 
as the oblique postmedian line allows separation of H. quadripuncta from its conge-
neric species. In male genitalia, uncus apex is cuneate and gnathos projection is ogive-
shaped. In female genitalia, the thorn of the corpus bursae is long, slender, curved, and 
shows a well-marked rounded sclerotisation at its base.

Similar species. No similar species known.
Description. Head. Antennae dorsally bronze. Proboscis white. Maxillary palpi brown, 

base and inner side pale brown. Labial palpi brown, ventral base and inner side white.
Thorax (Fig. 23). Collar pale yellow. Forewing length: 8.5–10 mm ( ), 10 mm 

( ); forewing ground colour brown; basal quadrangular oblique white patch, basally 
and distally edged with dark brown, with tawny to reddish brown fascia along CuA2 
spreading distally into postmedian area up to costa; median white rounded patch 
edged with dark brown; postmedian line oblique straight thick; fringes brown. Hind-
wing pale brown. Forelegs brown. Midlegs with femur brown, tibia and tarsi pale yel-
low. Hindlegs pale brown.

Abdomen. Male sternum A8 posterior margin notched.
Male genitalia (N = 3) (Fig. 63). Uncus long and slender, narrowed at apical 1/4, 

apex cuneate. Gnathos projection ogival, ca. 1/3 of uncus length. Valva slender, ventral 
margin straight on basal 2/3, bent dorsad on apical 1/3, dorsal margin convex, apex 
pointed. Juxta with base rounded, medially narrowed, apex broad, weakly sclerotised. 
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Saccus broad, triangular, pointing dorsad. Phallus with flat spatula-shaped cornutus, 
apically with narrow bump.

Female genitalia (Fig. 105). Anterior apophyses conspicuously widened at poste-
rior 1/3. Antrum with a narrow weakly sclerotised ring. Ductus bursae short, straight. 
Corpus bursae ovoid, posterior half reticulated, anterior half membranous, sclerotised 
between thorn and corpus opening, medially with faintly sclerotised band. Thorn long, 
curved, with small dents pointing toward thorn base on posterior edge, basally with 
conspicuous outwardly directed plump extension.

Distribution. Recorded from the Oetakwa River (Papua: Indonesia) in New 
Guinea, also known from the Oro Province (Papua New Guinea) and the Moluccas 
(Indonesia), at altitudes between 500 m and 1,000 m.

Remarks. Nuss (1998) transferred this species from Eudorina to Hoploscopa. Other 
specimens examined from the Moluccas and Papua New Guinea display the same pat-
tern as the holotype from Western New Guinea, however a small difference in the shape 
of the gnathos projection is observed: it is pointed in the holotype, while it is rounded 
in the other specimens. Unfortunately, no COI barcode was available for the holotype.

Hoploscopa semifascia (Hampson, 1919)
Figs 24, 106

Material examined. Holotype: , with labels: “Holo- | type” [round label, red ringed]; 
“Fak-Fak | Dutch NewGuinea | Dec’[19]07 | 1700 f[ee]t | (Pratt)”; “1913-216.”; “Eu-
dorina | semifascia | type  H[a]mps[o]n” [handwritten]; “  | Pyralidae | Brit[ish].
Mus[eum]. | Slide N°. | 20253”; "N,HMUK 010923320” [barcode appended]. De-
posited in NHMUK.

Other specimens examined. 2 ; PAPUA NEW GUINEA: 1  
(NHMUK010923321, DNA voucher MTD8242, genitalia on slide TL740 ), 
Southern Highlands, Bosavi, 570 m, 6.i.1986, leg. D. Agassiz (NHMUK); 1  (DNA 
voucher MTD LEP 3158, genitalia on slide TL438 ), Morobe Province, Wau, Wau 
Ecology Institute, 24–26.viii.1983, 1360 m, leg. S. E. & P. M. Miller (USNM).

Diagnosis. The forewings of H. semifascia display an antemedian dark brown fas-
cia edged with pale yellow and a marked postmedian pale yellow patch. Median mark-
ings are completely lacking. In female genitalia, the thorn is long, thin, curved in distal 
half, with a small, well-marked sclerotisation at its base. Male genitalia not known.

Similar species. No similar species known.
Description. Head. Antennae dorsally striped with bronze and brown scales. Pro-

boscis pale yellow. Maxillary palpi brown, base and inner side pale yellow. Labial palpi 
brown, base pale yellow, inner side pale yellow to pale brown.

Thorax (Fig. 24). Collar white. Forewing length: 7 mm; forewing ground colour 
brown; antemedian broad transversal dark brown fascia, basal edge pale yellow, in-
curved inwardly on costal half, distal edge oblique, pale yellow; postmedian elongated 
pale yellow patch with dark brown edges; fringes brown, with pale yellow spots. Hind-
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wing pale brown. Forelegs brown. Midlegs brown; tarsi pale brown. Hindlegs with 
femur brown; tibia pale yellow, speckled with brown; tarsi pale brown.

Male genitalia. Not known.
Female genitalia (N = 3) (Fig. 106). Anterior apophyses widened at posterior 

1/3, with tip pointed dorsad. Antrum sclerotisation short, ca. as long as broad. Ductus 
bursae short, slightly curved twice. Corpus bursae reticulated, with small rounded scle-
rotisation at thorn base. Thorn long and slender, curved, glabrous, basally with small 
outwardly projected extension.

Distribution. Recorded from Fak-Fak (Papua, Indonesia), also known from the 
Southern Highlands and the Morobe Province (Papua New Guinea) at altitudes be-
tween 550 m and 1,400 m.

DNA barcoding. The K2P-distance between specimens MTD LEP 3158 from 
the Morobe Province and MTD8242 from the Southern Highlands (Papua New 
Guinea) is 0.5%.

Remarks. Nuss (1998) transferred this species from Eudorina to Hoploscopa. Other 
specimens examined from Papua New Guinea display the same pattern and identical 
genitalia as the holotype from Western New Guinea.

Hoploscopa subvariegata (Rotschild, 1915)
Figs 25, 64, 109

Material examined. Holotype: , with labels: “Holo- | type” [round label, red ringed]; 
“Angabunga R[iver]., | affl[uent]. of St. Joseph | R., Brit[ish].N[ew].Guinea, | 6000 
f[ee]t, upwards. | Nov.[19]04.-Febr.[19]05. | (A. S. Meek).”; “Eudorina | subvariegata 
| Type Rotsch[ild].” [handwritten]; “  | Pyralidae | Brit[ish].Mus[eum]. | Slide N°. | 
20254”; "N,HMUK 010923326” [barcode appended]. Deposited in NHMUK.

Other specimens examined. 14 , 4 . Papua New Guinea: 9  (2 with geni-
talia on slide TL478  & TL642 ), 1  (genitalia on slide TL521 ), Morobe Prov-
ince, near Wau, Mt. Kaindi, 2360 meters, 27–28 July 1983, leg. S. E. & P. M. Miller; 
1  (genitalia on slide TL534 ), same data except 29–30.viii.1983; 1 , 1 , same 
locality, 11.xii.1976, leg. G. F. Hevel & R. E. Dietz; 2  (1 with DNA voucher 3156, 
genitalia on slide TL436 ), 1 , same locality, 3.x.1992, leg. V. O. Becker); 1 , 1  
(genitalia on slide TL471 ), Morobe Province, Biaro Road, 2000 m, 25.ix.1992, leg. 
V. O. Becker (USNM).

Diagnosis. Hoploscopa subvariegata displays four roughly triangular yellow spots 
filled with reddish brown on forewing costa. In male genitalia, uncus is long and slen-
der with truncate apex, gnathos projection is tongue-shaped, reaching 1/3 of uncus 
length, and dorsal margin of the valva is conspicuously protruded dorsad. In female 
genitalia, ductus bursae is long and straight, corpus bursae is large, globular and bears 
a small, slightly curved thorn with leaf-shaped sclerotisation at its base.

Similar species. Hoploscopa persimilis. The latter species lacks the subterminal tri-
angular yellow blotch at forewing costa. In the male genitalia of H. persimilis, uncus 
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apex is duck-shaped, gnathos projection forms a small triangular tip, and valva dorsal 
margin is not protruded.

Description. Head. Antennae dorsally with bronze scales. Proboscis pale yellow, 
basally brown. Maxillary palpi brown. Labial palpi brown, ventro-basally pale yellow.

Thorax (Fig. 25). Collar white. Forewing length: 10 mm ( ), 9.5–12 mm ( ); 
forewing ground colour brown to dark brown; basal area reddish brown, basally with 
small yellow dash, at costa with V-shaped yellow patch filled with reddish brown; an-
temedian cubital snow-white dot; costal field reddish brown; median discoidal stigma 
V-shaped, white, yellow toward costa, filled with reddish brown; postmedian patch 
reddish brown, with white to yellow basal edge and pale yellow to yellow costal blotch; 
subterminal costal spot pale yellow to yellow, encroached with reddish brown; sub-
terminal field reddish brown; margin brown, with white dots. Hindwing dirty white, 
bronze toward margin. Forelegs femur and tibia brown; tarsi pale yellow. Midlegs with 
femur brown; tibia pale yellow, dorso-distally brown; tarsi pale yellow. Hindleg femur 
brown; tibia pale yellow, dorso-distally brown; tarsi pale yellow to pale brown.

Abdomen. Male sternum A8 posterior margin bilobed.
Male genitalia (N = 4) (Fig. 64). Uncus long and slender, gently tapering to-

ward apex, apex roughly truncate. Gnathos projection tongue-shaped, ca. 1/3 of uncus 
length. Valva ventral margin nearly straight, dorsal margin strongly protruded dorsad, 
apex truncate. Juxta with broad rounded base, medially wide, apex broadly incurved, 
weakly sclerotised. Saccus broad, triangular, pointing dorsad.

Female genitalia (N = 2) (Fig. 109). Anterior apophyses with dorsal small tip at 
posterior 1/3. Antrum sclerotisation short, ca. as long as broad. Ductus bursae long, 
slender, straight. Corpus bursae large, globular, posterior half scobinate, anterior half 
membranous, with sclerotisation between thorn and corpus opening, medially with 
faintly marked sclerotised band. Thorn slightly curved, with small dents pointing to-
ward thorn base.

Distribution. Recorded from the Angabunga River in the Central Province (Papua 
New Guinea), also known from Mount Kaindi, Morobe Province, at altitudes between 
2,000 m and 2,360 m.

Remarks. Nuss (1998) transferred this species from Eudorina to Hoploscopa. Other 
specimens examined from Papua New Guinea display the same pattern and identical 
genitalia as the holotype from Western New Guinea.

Hoploscopa persimilis (Rotschild, 1915)
Figs 26, 65

Material examined. Lectotype: , with labels: “Lecto- | type” [round label, purple 
ringed]; “Utakwa [sic, Oetakwa] R[iver]., | Dutch N[ew]. Guin[ea]., | 3000f[ee]t., 
Jan[uary]. 1913. | A.F.R. Wollaston.”; “439”; “Eudorina | persimilis | Type Rotsch[ild].”; 
“Lectotype | Eudorina | persimilis | Rothschild | det. Nuß” [handwritten]; “  | Pyralidae | 
Brit[ish].Mus[eum]. | Slide N°. | 20255”; "N,HMUK 010923328” [barcode appended].
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Diagnosis. Hoploscopa persimilis displays three nearly triangular yellow spots filled 
with reddish brown on the costa of the forewing. In male genitalia, uncus is long, slen-
der, with duck-shaped apex, gnathos is projected into a small, triangular pointed tip, 
and valva dorsal margin is conspicuously convex. Female genitalia not known.

Similar species. Hoploscopa subvariegata (q.v.).
Description. Head. Not examined.
Thorax (Fig. 26). Collar pale yellow. Forewing length: 9 mm; forewing ground 

colour brown; basal patch elongated, reddish brown, basally crossed by transverse 
pale yellow streak; costal field reddish brown; median discoidal stigma trapezoid, pale 
yellow, with basal and distal edges reddish brown; postmedian patch triangular, pale 
yellow and reddish brown, distally with costal pale yellow blotch; subterminal field 
tawny; fringes brown with pale yellow spots. Hindwing pale yellow. Legs missing or 
badly preserved.

Male genitalia (N = 1) (Fig. 65). Uncus long, slender, slightly narrowed on api-
cal 1/4, apex duck beak-shaped. Gnathos projection triangular. Valva ventral margin 
nearly straight, dorsal margin conspicuously convex, apex roughly rounded. Juxta not 
clearly visible on the slide. Saccus broad, triangular, pointing dorsad. Phallus apically 
with sclerotised spine.

Female genitalia. Not known.
Distribution. Described from the Oetakwa River on New Guinea (Indonesia: 

Papua), at an altitude of 1,000 m.
Remarks. Nuss (1998) transferred this species from Eudorina to Hoploscopa and 

designated the lectotype. The worn-out specimens hampered accurate description.

Hoploscopa diffusa (Hampson, 1919)
Figs 30, 66

Material examined. Lectotype: , with labels: “Lecto- | type” [round label, purple 
ringed]; “Syn- | type” [round label, blue ringed]; “Fergusson I., | X, XI. [18]94 | (A. 
S. Meek).”; “97–80”; “Pyrocrambia | diffusa. | type . H[a]mpson.” [handwritten]; 
“Pyralidae | Brit[ish].Mus[eum]. | Slide N°. | 1014 ”; “Lectotype | Eudorina | diffusa 
| Hampson | det. Nuß” [handwritten]; "N,HMUK 010923338 [barcode appended]”. 
Deposited in NHMUK.

Other specimens examined. 2 . Papua New Guinea: 2  (1 with 
NHMUK010923439 & genitalia on slide TL715 , 1 with NHMUK010923440 & 
genitalia on slide TL716 ), same data as holotype (NHMUK).

Diagnosis. Hoploscopa diffusa displays a brown forewing with postmedian patch, 
part of postmedian area and subterminal line white coloured, and fringes marked 
with white dots. In male genitalia, gnathos projection is triangular with rounded tip, 
valva dorsal margin is conspicuously protruded and juxta is tongue-shaped. Female 
genitalia not known.

Similar species. Hoploscopa niveofascia sp. nov. (q.v.).
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Description. Head. Antennae dorsally with brown scales. Proboscis white. Maxil-
lary palpi brown, pale brown at base. Labial palpi brown, ventro-basally white.

Thorax (Fig. 30). Collar white. Forewing length: 9 mm; forewing ground colour 
dark brown; small white dots scattered in basal and median area; postmedian patch 
white, filled with brown, with white costal blotch; postmedian line marked on cos-
tal half; postmedian area medially suffused with white scales; subterminal line white, 
shifted distally at M1; margin with white and black spots; fringe brown, with white 
dots; hindwing pale brown. Fore- and midlegs brown; tibia and tarsi segments distally 
white. Hindlegs similar, of a lighter brown.

Abdomen. Male sternum A8 posterior margin notched, with pair of lateral papil-
lae-like protuberances.

Male genitalia (N = 3) (Fig. 66). Uncus long, narrowed apical 1/4, apex duck 
beak-shaped. Gnathos projection triangular, with rounded apex. Valva broad, ventral 
margin conspicuously bent dorsad on apical 1/4, dorsal margin strongly protruding 
dorsad, apex pointed. Juxta with base rounded, of constant width, apex rounded. Sac-
cus small, pointing dorsad. No cornutus visible on the slide.

Female genitalia. Not known.
Distribution. Recorded from Fergusson Island (Papua New Guinea).
Remarks. Nuss (1998) transferred this species from Eudorina to Hoploscopa and 

designated the lectotype.

Hoploscopa triangulifera (Hampson, 1919)
Figs 31, 67, 110

Material examined. Holotype: , with labels: “Holo- | type” [round label, red ringed]; 
“Fergusson I[sland]. | [word crossed] xii.[18]95, | (A, S, Meek).”; “.97.204.”; “Eudori-
na |triangulifera | type . H[a]mps[o]n”[handwritten]; “Body re-affixed | 6.xii.[19]40 
R.S.C.” [handwritten]; “  | Pyralidae | Brit[ish].Mus[eum]. | Slide N°. | 20256”; 
"N,HMUK010923353”[barcode appended]. Deposited in NHMUK.

Other specimens examined. 2 , 2 . Papua New Guinea: 1  
(NHMUK010923452, genitalia on slide TL750 ), same locality as holotype, xi-
xii.1894; 1  (genitalia on slide TL711 , NHMUK010923454), 1  (genitalia on 
slide TL712 , NHMUK010923453), Biagi, Mambare R., 1600 m, iii.1906, leg. A. S. 
Meek; 1  (NHMUK010923455), Dampier Island [Karkar], ii-iii.1914 (NHMUK).

Diagnosis. The large median dorsal patch with costal margin rounded on the 
forewing is unique to H. triangulifera. In male genitalia, the gnathos shows no distal 
projection, and the saccus is broad, quadrangular. In female genitalia, ductus bursae is 
short and slender, corpus bursae is large, globular, and bears a long curved thorn.

Similar species. No similar species known.
Description. Head. Antennae dorsally pale yellow. Proboscis brown. Maxillary 

palpi brown, inner side pale brown. Labial palpi brown, ventral base pale yellow, inner 
side pale brown.
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Thorax (Fig. 31). Thorax brown, dorsally pale yellow. Collar pale yellow. Forewing 
length: 7–8 mm ( ), 8–9 mm ( ); forewing ground colour brown; basal and distal 
discoidal stigmata dark brown; median discoidal stigma forming roughly defined white 
X; median cubital patch elliptic, dark brown with white edges; large median dark 
brown patch on dorsum with rounded pale yellow costal margin; postmedian patch 
triangular, dark brown; postmedian line pale yellow, marked on costal half; pale yel-
low and brown postmedian fascia on costal half in some specimens, edged distally by 
white subterminal line; fringes brown with white spots. Hindwing pale brown. Fore-
legs bronze, tarsi speckled with pale yellow. Midlegs with femur bronze; tibia brown, 
distally pale yellow; tarsi bronze. Hindlegs with femur bronze; tibia brown, basally and 
distally pale yellow; tarsi bronze.

Male genitalia (N = 2) (Fig. 67). Uncus broad, narrowing on distal half, apex trun-
cate. Gnathos projection limited to small ridge. Valva ventral margin nearly straight, 
dorsal margin conspicuously convex, apex pointed. Juxta with broad rounded base, 
medially wide, apex broadly incurved, weakly sclerotised. Saccus broad, quadrangular.

Female genitalia (N = 2) (Fig. 110). Anterior apophyses without dorsal bump 
at posterior 1/3. Antrum sclerotisation ca. twice as long as broad. Ductus bursae very 
short, straight, slender. Corpus bursae kidney shaped, reticulated, with sclerotisation 
between thorn and corpus opening, and faintly marked sclerotised band medially. 
Thorn long, incurved, with small dents pointing toward thorn base on inner side, 
glabrous on outer side.

Distribution. Known from the Madang, the Northern and the Milne Bay Prov-
inces (Papua New Guinea) at altitudes of ca. 1,600 m.

Remarks. Nuss (1998) transferred this species from Eudorina to Hoploscopa. The 
handwritten label from Hampson stipulates that the type is a male, while the abdomen 
dissected shows it is a female. The abdomen was re-affixed to the specimen, suggesting 
that either the sex wasn’t identified properly by Hampson or that the wrong abdomen 
was reaffixed to the specimen.

Hoploscopa astrapias Meyrick, 1886
Figs 27, 68, 107

Material examined. Lectotype: , with labels: “Lecto- | type” [round label, purple 
ringed]; “Vunîdawa | Fiji | HP. 2. 1. [19]32” [handwritten]; “Hoploscopa Meyr.” 
[handwritten]; “astrapias Meyr.” [handwritten]; “Hoploscopa | astrapias | 1/1 Meyrick 
[handwritten] | E. Meyrick det. | in Meyrick Coll.”; “Lectotype | Hoploscopa | astrapias | 
Meyrick | det. M. Nuß” [handwritten]; “Meyrick Coll. | B. M. 1938-290.”; “  | Pyrali-
dae | Brit[ish].Mus[eum]. | Slide N°. | 20241”; “GU 654 | Hoploscopa | astrapias | Mat-
thias Nuß”; "N,HMUK 010923383” [barcode appended]. Deposited in NHMUK.

Other specimens examined. 1 , 1 . FIJI: 1  (DNA voucher MTD8251, 
genitalia on slide TL724 ), 1  (DNA voucher MTD8250, genitalia on slide TL723 

), Viti Levu, Nandarivatu, 820 m, 14.9.1955, leg. H. W. Simmonds (NHMUK).
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Diagnosis. The forewings of H. astrapias display a median cubital triangular white 
patch and a bean-shaped postmedian patch reddish brown with yellow edges, distally 
with thick white streak. In male genitalia, the uncus is slender, elongated, the gnathos 
is reduced to a ring without posterior projection and the valva is slender, with an evenly 
rounded apex. In female genitalia, the corpus bursae is large, spherical, and bears a 
large, straight, glabrous thorn.

Similar species. Hoploscopa anamesa, H. nauticorum but the latter can be sepa-
rated from H. astrapias and H. anamesa based on the forewing: median markings form 
an elongated white streak running down to dorsal area, disrupted at veins (forming 
roughly triangular white patch not extending beyond CuA2 in the two other species), 
and the postmedian patch is quadrangular. In male genitalia, the bristles at uncus 
apex observed in H. nauticorum are absent or reduced in H. astrapias and H. anamesa, 
and the valva dorsal margin is strongly produced dorsad on basal half, with a more 
pointed apex in H. nauticorum (dorsal margin slightly convex in two other species, 
apex evenly rounded). Forewing and male genitalia of H. astrapias and H. anamesa 
do not provide unambiguous diagnostic characters to separate them. Median cubital 
patch of H. anamesa is slightly thicker than that of H. astrapias in specimens examined. 
Female genitalia allow clear segregation of these two species: antrum is membranous 
in H. anamesa, while it is lightly sclerotised, twice as long as broad in H. astrapias, and 
ductus bursae is long, gently coiled twice in H. anamesa, while it is short and broadly 
curved in H. astrapias.

Description. Head. Antennae dorsally with brown scales. Proboscis white to pale 
yellow. Maxillary palpi brown, base and inner side pale brown. Labial palpi brown, 
ventro-basally pale yellow to white.

Thorax (Fig. 27). Collar white. Forewing length: 10–11 mm (  & ); forewing 
ground colour brown; basal yellow streak along 1A+2A, abutted with cubital reddish 
brown fascia running up to median area, disrupted by median cubital patch; costal field 
reddish brown; median discoidal stigma trapezoid, reddish brown, edged basally and 
distally with yellow, median cubital patch triangular, snow white, together with me-
dian discoidal stigma forming a canine tooth shape; post-median patch bean-shaped, 
reddish brown with yellow edges, with thick snow white streak abutting dorsally; post-
median area suffused with reddish brown; subterminal line white, not reaching dor-
sum; subterminal field broadly marked with reddish brown; fringes brown. Hindwing 
pale yellow, bronze toward distal margin. Forelegs brown. Midlegs brown to bronze; 
tibia medially white. Hindlegs brown to bronze, tibia base dorsally pale yellow.

Male genitalia (N = 1) (Fig. 68). Uncus long, slender, with straight lateral margin, 
apex narrow, tongue-shaped, dorsally with sclerotised bristles. Gnathos projection lim-
ited to small ridge. Valva slender, ventral margin nearly straight, dorsal margin convex, 
apex rounded. Juxta broad, with base rounded, apex weakly sclerotised, slightly in-
curved. Saccus small, pointing dorsad. Phallus with broad flat spatula-shaped cornutus.

Female genitalia (N = 1) (Fig. 107). Anterior apophyses with dorsal bump at 
posterior 1/3. Antrum lightly sclerotised, twice as long as broad. Ductus bursae short, 
broadly curved. Corpus bursae globular, with posterior half reticulated, anterior half 
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membranous, with weak sclerotisation between thorn and corpus opening. Thorn long 
and slender, straight, glabrous.

Distribution. Known from the island of Viti Levu (Fiji), at altitudes between 
0 and 800 m.

DNA barcoding. Hoploscopa astrapias shows a divergence of 3.9% with H. an-
amesa and 3.3–4.7% with H. nauticorum.

Phylogenetic relationships. Hoploscopa astrapias, H. anamesa, and H. nauticorum 
are recovered together in the ML analysis of the COI barcode (BS = 61). This topology 
is congruent with the morphology of these three species: the forewings display a snow 
white transversal median line and postmedian streak; in male genitalia, the uncus is 
elongated, slender, the gnathos is reduced to a sclerotised band without posterior pro-
jection, the phallus bears a broad, flattened, spatula-shaped cornutus; in female geni-
talia, the corpus bursae is globular and bears a long and slender straight thorn. Within 
this clade, a close relationship between H. astrapias and H. anamesa is supported by 
both morphology and molecular data (BS = 78).

Hoploscopa anamesa Tams, 1935
Figs 28, 69, 108

Material examined. Lectotype: , with labels: “LECTO- | TYPE” [round label, pur-
ple ringed]; “SYN- | TYPE” [round label, blue ringed]; "N,ew Hebrides: | Tanna. | 
ix.1930. | L.E.Cheesman. | B.M.1931-30.”; “Lectotype | Hoploscopa | astrapias | an-
amesa | Tams | det. Nuß” [handwritten]; "N,HMUK 010923391” [barcode append-
ed]. Deposited in NHMUK.

Other specimens examined. 2 , 2 . VANUATU: 1  (NHMUK010923465), 
1  (NHMUK010923466, genitalia on slide TL718 ), Aneityum Island, Red Crest, 3 
[k]m NE of Anelgauhat, 1200ft, vi.1955, leg. E. Cheesman; 1  (NHMUK010923471, 
DNA voucher MTD8254, genitalia on slide TL727 ), 1  (NHMUK010923470, 
DNA voucher MTD8255, genitalia on slide TL728 ), Aneityum Island, Agathis 
Camp, 1150 ft, 21.vii.1971, leg. G. S. Robinson (NHMUK).

Diagnosis. Hoploscopa anamesa (Fig. 28) display forewing and male genitalia simi-
lar to those of H. astrapias. Female genitalia differ from those of H. astrapias in follow-
ing characters: antrum not sclerotised; ductus bursae long and coiled. Corpus bursae 
and thorn similar to H. astrapias.

Similar species. Hoploscopa astrapias and H. nauticorum (q.v.).
Description. Head. Antennae dorsally with brown scales. Proboscis white to pale 

yellow. Maxillary palpi brown, base and inner side pale brown. Labial palpi brown, 
ventro-basally pale yellow to white.

Thorax (Fig. 28). Collar white. Forewing length: 10–11 mm (  & ); forewing 
ground colour brown; basal yellow streak along 1A+2A, abutted by cubital reddish 
brown fascia running up to median area, disrupted by median cubital patch; costal 
field reddish brown; median discoidal stigma trapezoid, reddish brown, edged basally 
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and distally with yellow; median cubital patch thick, streak-like, snow white; post-
median patch bean-shaped, reddish brown with yellow edges, dorsally abutted by thick 
snow white streak; postmedian area suffused with reddish brown; subterminal line 
white, not reaching dorsum; subterminal field broadly marked with reddish brown; 
fringes brown. Hindwing pale yellow, bronze toward distal margin. Forelegs brown. 
Midlegs brown to bronze; tibia medially white. Hindlegs brown to bronze, tibia base 
dorsally pale yellow.

Male genitalia (N = 1) (Fig. 69). Uncus long, slender, with straight lateral margin, 
apex narrow, tongue-shaped, dorsally with sclerotised bristles. Gnathos projection lim-
ited to small ridge. Valva slender, ventral margin nearly straight, dorsal margin convex, 
apex rounded. Juxta broad, with base rounded, apex weakly sclerotised, blunt. Saccus 
small, pointing dorsad. Phallus with broad flat spatula-shaped cornutus.

Female genitalia (N = 1) (Fig. 108). Anterior apophyses with dorsal protuberance 
at posterior 1/3. Antrum membranous. Ductus bursae long, coiled. Corpus bursae 
globular, with posterior half reticulated, anterior half membranous, with weak scleroti-
sation between thorn and corpus opening. Thorn long and slender, straight, glabrous.

Distribution. Known from the Fiji (see Remarks), the Aneityum and Tanna is-
lands on Vanuatu, at an altitude of ca. 350 m.

Phylogenetic relationships. Hoploscopa astrapias is recovered as sister species 
(BS = 78).

Remarks. Nuss (1998) raised H. anamesa from subspecies of H. astrapias to spe-
cies. He stated that this species occurs in sympatry with H. astrapias on Fiji.

Hoploscopa nauticorum Tams, 1935
Figs 29, 70

Material examined. Holotype: , with labels: “Holo- | type [round label, red 
ringed]”; “SAMOAN IS. [typographed]| Malololelei | Upolu | 24.ii.24. [handwritten]| 
P.A.Buxton”; “SAMOA: | Brit.-Mus. | 1935-315.”; “Hoploscopa | astrapias | nautico-
rum Tams [typographed] | Holotype  ”; “  | Pyralidae | Brit[ish].Mus[eum]. | Slide 
N°. | 20242”; “GU Nr. 655 | prep. M. Nuß”; "N,HMUK 010923388 [barcode ap-
pended]”. Deposited in NHMUK.

Allotype: , with labels: “Allo- | type [round label, red ringed]”; “SAMOAN IS. 
[typographed] | Upolu Is[land] | Malololelei | 21.ii.1925 | 2,000 f[ee]t | P.A. Buxton | 
and G. H. Hopkins [handwritten]”; “SAMOA: | Brit. Mus. | 1935-315.”; “Hoploscopa 
| astrapias | nauticorum Tams [typographed] | Paratype. | Allotype  [handwritten]”; 
"N,HMUK 010923389 [barcode appended]”. Deposited in NHMUK.

Other specimens examined. 2 . SAMOA: 2  (DNA vouchers MTD8252 & 
MTD8253, genitalia on slide TL725  & TL726 ), West Samoa, Upolu, Tiavi, 600 
m, 24.viii.1974, leg. G. S. Robinson (NHMUK).

Diagnosis. The forewings of H. nauticorum display snow white median, cubital 
and dorsal markings together forming a streak disrupted with brown at veins, and a 
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postmedian triangular reddish brown patch, distally with snow white streak. In male 
genitalia, the small sclerotised bristles on dorsal side of the uncus apex are unique to 
this species. Female genitalia were not investigated.

Similar species. Hoploscopa astrapias (q.v.), H. anamesa (see H. astrapias).
Description. Head. Antennae dorsally bronze. Proboscis brown, speckled with 

pale yellow. Maxillary palpi dark brown, basally pale yellow, inner side brown. Labial 
palpi dark brown, ventral base pale yellow.

Thorax (Fig. 29). Collar pale brown. Forewing length: 10–11 mm; forewing 
ground colour dark brown; basal yellow streak along 1A + 2A, abutted to cubital 
reddish brown fascia running up to postmedian area, disrupted by median cubital 
patch; small reddish blotch at base of cell, with minute snow white dot; median dis-
coidal stigma trapezoid, reddish brown, basally and distally edged with yellow, with 
snow white streak abutting dorsally, running down to dorsal area, disrupted at veins; 
postmedian patch quadrangular, reddish brown, dorso-distally with thick snow white 
streak; subterminal line white, indented inwardly at CuA2; subterminal field reddish 
brown; fringe brown. Hindwing pale yellow, bronze toward distal margin. Forelegs 
brown, tarsi speckled with pale yellow. Midlegs brown; tibia base speckled with pale 
yellow. Hindlegs brown.

Abdomen. Male sternum A8 posterior margin broadly indented, with pair of lat-
eral papillae-like protuberances.

Male genitalia (N = 3) (Fig. 70). Uncus long and slender, gently tapering toward 
apex, apex narrow, tongue-shaped, dorsally with few small sclerotised bristles. Gna-
thos without posterior projection. Valva ventral margin nearly straight, dorsal margin 
strongly protruding dorsad on basal half, apex rounded. Saccus broad, medially slightly 
incurved. Phallus with broad, flat, spatula-shaped cornutus.

Female genitalia. Not investigated.
Distribution. Known from the island of Upolu on Samoa, at an altitude of ca. 600 m.
Phylogenetic relationships. Hoploscopa nauticorum is recovered as sister to H. 

astrapias and H. anamesa in the ML analysis of the COI barcode (BS = 61).
Remarks. Nuss (1998) raised H. nauticorum from subspecies of H. astrapias to species.

Hoploscopa anacantha Léger & Nuss, sp. nov.
http://zoobank.org/58D67EDA-0687-479C-87A3-854F58BC369C
Figs 32, 71, 111

Material examined. Holotype: , with labels: “G[unung]. Mogogonipa | sum-
mit, 1008m. | 18–20.x.1985”; “Indonesia : | Sulawesi Utara, | Dumoga-Bone 
N[ational]. P[ark]. [Bogani Nani Wartabone National Park] | October 1985.”; “R[oyal]. 
Ent[omological]. Soc[iety]. Lond[on]. | PROJECT WALLACE | B.M. 1985-10”; 
"N,HMUK010923444 [barcode appended]”; “TL 759 | ”. Deposited in NHMUK.

Paratypes: 3 , 3  Indonesia: 2  (NHMUK010923449 & 
NHMUK010923343), Sulawesi Utara, Danau Mooat, site 22, PHPA chalet, open 
habitat, 1080 m, 31.viii.1985, leg. J. D. Holloway;  (NHMUK010923446 & 
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genitalia on slide TL760 ), 1  (NHMUK010923445), Sulawesi Utara, Dumoga-
Bone National Park [Bogani Nani Wartabone National Park], “Clarke” Camp, lower 
montane forest, 1140 m, leg. Royal Entomological Society of London; 2  (1 with 
NHMUK010923447, DNA voucher MTD8247 & genitalia on slide TL732 , 1 
with NHMUK010923448), Sulawesi Utara, Danau Mooat, near Kotamobagu, 1200 
m, 27–28.ix.1985, leg. Royal Entomological Society of London (NHMUK).

Diagnosis. Hoploscopa anacantha sp. nov. displays dark brown forewings with basal, 
median and postmedian white streak-like markings. In male genitalia, the gnathos pro-
jection forms a conspicuous triangle ca. half the uncus length. In female genitalia, the 
elongated bulging sclerotisation without thorn on corpus bursae is unique to this species.

Similar species. No similar species known.
Description. Head. Antennae dorsally dark brown. Proboscis white. Maxillary 

palpi dark brown, basally white. Labial palpi dark brown, ventro-basally white.
Thorax (Fig. 32). Collar white. Forewing length: 9 mm ( ), 9–10 mm ( ); fore-

wing ground colour dark brown; basal cubital streak and median triangular to streak-
like patch white, edged with darker brown and few reddish brown scales; postmedian 
streak white, reddish brown toward middle of wing; fringes dark brown, with white 
dots. Hindwing pale brown. Legs brown.

Abdomen. Male sternum A8 posterior margin notched, laterally with pair of pa-
pillae-like protuberances.

Male genitalia (N = 2) (Fig. 71). Uncus long, slender, with straight lateral margin, apex 
blunt. Gnathos projection broad, triangular, ca. half the uncus length, with small rounded 
apex. Valva ventral margin nearly straight, dorsal margin convex, apex pointed. Juxta with 
base quadrangular, medially narrowed, apex wide, truncate. Saccus small, quadrangular.

Female genitalia (N = 1) (Fig. 111). Anterior apophyses without bump at poste-
rior 1/3. Antrum sclerotisation short, as long as broad. Ductus bursae long, broadly 
curved before corpus opening. Corpus bursae globular, covered with erect papillae, 
reticulated at corpus opening, with well-marked elongated bulging sclerotisation run-
ning from corpus opening to middle of corpus bursae. Thorn absent.

Distribution. Known from North Sulawesi (Indonesia) at altitudes between 
1,000 m and 1,200 m.

Phylogenetic relationships. This species is recovered sister to an undescribed 
Hoploscopa species (DNA voucher MTD8238) from North Sulawesi.

Etymology. From the Greek a-, an-, without, and acantha, spine, referring to the 
absence of thorn on the corpus bursae of female genitalia. This name was suggested by 
Francesca Vegliante.

Hoploscopa kelama Léger & Nuss, sp. nov.
http://zoobank.org/69D2A893-2F5A-4E90-9E82-8C6FD059A364
Figs 33, 72, 112

Material examined. Holotype: , with labels: “[Indonesia] North-Sulawesi, Danau 
Mooat | east of Kotamobagu, 1150m | 30–31.iii.2000, at light | leg. A. Kallies & 
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S. Naumann”; “DNA voucher | Lepidoptera | MTD 2016 | no. 3214 [vertically writ-
ten]”; “TL | 532 ”. Deposited in MTD.

Paratypes: 6 , 2 . 1  (DNA voucher MTD LEP3215, genitalia on slide 
TL511 ), same data as holotype; 2  (1 with DNA voucher MTD7878 & geni-
talia on slide TL665 , 1 with DNA voucher 7879 & genitalia on slide TL474 

), same collecting locality as holotype, 25–26.iii.2000, leg. A. Kallies & C. Zorn 
(MTD); 2  (NHMUK010923443, NHMUK010923341), North Sulawesi, Danau 
Mooat, near Kotamobagu, 1200 m, 27–28.ix.1985, leg. Royal Entomological Soci-
ety of London, Project Wallace; 3  (NHMUK010923342, NHMUK010923442, 
NHMUK010923441), North Sulawesi, Dumoga-Bone National Park [Bogani Nani 
Wartabone National Park], Clarke Camp, lower montane forest, 1140 m, x.1985, leg. 
Royal Entomological Society of London, Project Wallace (NHMUK).

Diagnosis. Hoploscopa kelama sp. nov. displays basal and distal discoidal dark 
brown spots edged with pale yellow, as well as a pale yellow cubital double line on the 
forewing. In female genitalia, the very small thorn located at the corpus bursae opening 
is unique to this species.

Similar species. Hoploscopa boleta sp. nov., H. pseudometacrossa sp. nov. Both species 
display light brown median discoidal stigma and postmedian patch and lack the double 
pale yellow cubital line observed in H. kelama sp. nov. Examination of genitalia allows 
unambiguous separation of these species from H. kelama sp. nov.: male genitalia of both 
species show a slender uncus bearing thick setae, ventrally marked with three small ridg-
es, and female genitalia show a larger thorn located on posterior half of corpus bursae.

Description. Head. Antennae dorsally striped with brown and ochreous scales. 
Proboscis brown. Maxillary palpi brown, basally pale yellow, inner side pale brown. 
Labial palpi brown, ventro-basally pale yellow.

Thorax (Fig. 33). Collar white. Forewing length: 8–9.5 mm (  & ); forewing 
ground colour brown to dark brown; basal dash black at base, distally pale yellow; basal 
discoidal patch forming dorsally opened pale yellow C filled with dark brown; distal 
discoidal patch dark brown, quadrangular, with basal and distal edges pale yellow; 
double cubital pale yellow-coloured line running from median area distally to tornus; 
small postmedian costal pale yellow blotch; subterminal line pale yellow, barely or not 
marked on its middle, forming diffuse pale yellow patch near apex; fringes brown, 
with pale yellow dots. Hindwing pale brown. Forelegs brown. Mid- and hindlegs with 
femur brown; tibia dark brown, distally pale yellow; tarsi brown.

Abdomen. Male sternum A8 posterior margin notched, with pair of lateral papil-
lae-like protuberances.

Male genitalia (N = 1) (Fig. 72). Uncus long and slender, medially slightly wid-
ened, conspicuously narrowed at apical 1/4, apex duck beak-shaped, with small median 
bump. Gnathos projection limited to a small ridge. Valva ventral margin nearly straight, 
dorsal margin slightly convex, apex pointed. Juxta slender, with base slightly quadrangu-
lar, medially narrowed, apex broadly incurved, weakly sclerotised. Saccus quadrangular.

Female genitalia (N = 3) (Fig. 112). Anterior apophyses with small dorsal bump 
at posterior 1/3. Antrum sclerotisation broad, ca. twice as long as broad. Ductus bursae 
long, broad, looped once, kinked at corpus opening. Corpus bursae with posterior half 



Twenty-six new species of Hoploscopa 55

reticulated, anterior half membranous. Thorn located on ductus bursae shortly ahead 
of corpus opening, very small, with dents pointing toward thorn apex.

Distribution. Known from North Sulawesi (Indonesia) at altitudes between 
1,000 m and 1,200 m.

Phylogenetic relationships. The ML analysis of the COI barcode recovered 
H. kelama sp. nov. in a clade with H. albomaculata sp. nov. and H. ignitamaculae sp. 
nov., but without significant support (BS = 30). These three species vary greatly in their 
wing pattern but show similarities in the morphology of the genitalia: the uncus apex 
is duck-shaped, with a small tip on its middle in male genitalia; in female genitalia, the 
ductus bursae is long and broad, the corpus bursae is globular, with an elongated, well-
marked sclerotisation. Hoploscopa kelama sp. nov. and H. ignitamaculae sp. nov. share 
a small-sized thorn on corpus bursae. Hoploscopa anacantha sp. nov. shares a wing 
pattern similar to that of H. albomaculata sp. nov., and displays an elongated, marked 
sclerotisation like in the other three species above, although without thorn.

Etymology. The species epithet kelama comes from the Indonesian “kelam” 
meaning dark.

Hoploscopa ignitamaculae Léger & Nuss, sp. nov.
http://zoobank.org/DB39215F-2066-454D-BEAE-BE7D0E523CF4
Figs 34, 73, 113

Material examined. Holotype: , with labels: “[Indonesia] North-Sulawesi, Tangkoko- | 
Batuangus-Dua-Saudara Reserve | near Batuputih, primary forest | 600m, 21.iii.2000, at 
light | leg. A. Kallies & C. Zorn”; “DNA barcode | BC MTD 01427”. Deposited in MTD.

Paratypes: 6 , 14 . Indonesia: 4  (3 with genitalia on slide TL475 , TL480 
, TL545 ), 7  (1 with DNA voucher MTD LEP82, genitalia on slide TL364 ; 

1 with DNA barcode BC MTD 01425), same data as holotype; 3  (1 with DNA 
voucher MTD LEP3216, DNA barcoding BC MTD 01426; 1 with DNA voucher 
MTD LEP3218, genitalia on slide TL516 ), North Sulawesi, Danau Mooat, east of 
Kotamobagu, 1000 m, 25–26.iii.2000, at light, leg. A. Kallies & C. Zorn; 1  (DNA 
voucher MTD LEP3217 & genitalia on slide TL509 ) with same collecting locality, 
30–31.iii.2000, leg. A. Kallies & S. Naumann (MTD); 1  (NHMUK010923412), 
North Sulawesi, Dumoga-Bone National Park [Bogani Nani Wartabone National 
Park], Clarke Camp, lower montane forest, 1140 m, ix.1985, leg. Royal Entomologi-
cal Society of London, Project Wallace; 1  (NHMUK010923411), same data except 
Plot B, lowland forest, 300 m; 2  (NHMUK010923410, NHMUK010923413), 
same data except Gunung Mogogonipa, summit, 1008m, 22–23.ix.1985 (NHMUK).

Diagnosis. The forewings of H. ignitamaculae sp. nov. display marked basal, me-
dian and postmedian reddish orange markings edged with yellow; postmedian patch 
with undulated basal margin. In male genitalia, uncus is medially widened, apex is 
duck-shaped, ventrally with small bump, and gnathos is projecting into a short, point-
ed tip. In female genitalia, the well-delimited elongated sclerotisation of the corpus 
bursae with the small slightly curved thorn on its middle is unique to this species.
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Figures 34–45. Habitus of Hoploscopa species. 34 Hoploscopa ignitamaculae sp. nov., paratype, , North 
Sulawesi, Danau Mooat, east of Kotamobagu, 1000 m, 30–31.iii.2000 (A. Kallies & C. Zorn) (genitalia 
on slide TL509 ) 35 Hoploscopa albomaculata sp. nov., paratype, , Indonesia, North Sulawesi, Danau 
Mooat, east of Kotamobagu, 1000 m, 25–26.iii. 2000, (A. Kallies & C. Zorn) (genitalia on slide TL540 

) 36 Hoploscopa sumatrensis sp. nov., holotype, , Indonesia, Sumatra-Holzweg, 25 km SSW-Pema-
tangsiantar, Strasse nach Prapat, 6–26.i.1996 (A. Kallies) (genitalia on slide TL755 ) 37 Hoploscopa 
mallyi sp. nov., paratype, , Malaysia, Sabah, Mt Kinabalu, Mesilau, 2000 m, 14–17.xi.2006 (W. Mey 
& K. Ebert) 38 Hoploscopa gracilis sp. nov., holotype, , Indonesia, Sumatra-Holzweg, 25 km SSW-
Pematangsiantar, Straße nach Prapat, 13.ii.1996 (A. Kallies) (genitalia on slide TL754 ) 39 Hoploscopa 
agtuuganonensis sp. nov., holotype, , Philippines, Mindanao, Mt Agtuuganon, 1050 m, 28.v–7.vi.1996 
(W. Mey) (genitalia on slide TL616 ) 40 Hoploscopa boleta sp. nov., paratype, , Papua New Guinea, 
Morobe, Mt Kaindi, 2360 m, 3.x.1992 (V. O. Becker) (genitalia on slide TL448 ) 41 Hoploscopa pseu-
dometacrossa sp. nov., holotype, , Papua New Guinea, W. Hhl, Prv, near Mt. Hagen, Kuk Ag, Res. 
Sta., 1600 m, 19–20.viii.1983 (Scott E. & Pamela Miller) (genitalia on slide TL689 ) 42 Hoploscopa 
metacrossa Hampson, , Papua New Guinea, Morobe Province, near Bulolo, Mt Susu National Reserve, 
Araucaria forest, 975 m, 27–28.viii.1983 (S. Miller).
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Similar species. Hoploscopa isarogensis sp. nov. Forewing markings of H. isarogensis 
sp. nov. tend more to red. Postmedian patch is triangular with a straight basal margin, 
and subterminal line is often markedly pale yellow.

Description. Head. Antennae dorsally with bronze scales. Proboscis white to pale 
yellow. Maxillary palpi brown, basally pale yellow. Labial palpi brown, ventral base and 
inner side pale yellow.

Thorax (Fig. 34). Collar white. Forewing length: 8.0–9.5 mm (  & ); forewing 
ground colour brown; basal patch yellow, with cubital reddish orange streak starting 
from its middle, running distally up to postmedian area; costal field reddish orange; 
median discoidal stigma trapezoid, reddish orange, edged with yellow; median cubital 
and dorsal patches yellow, not connected; postmedian patch reddish orange, basal mar-
gin undulated, yellow, costal blotch yellow; subterminal field brown to tawny; fringes 
brown with pale yellow spots. Hindwing pale brown. Forelegs brown. Midlegs brown; 
tibia distally pale yellow. Hindlegs with femur brown; tibia pale yellow speckled with 
brown; tarsi brown.

Abdomen. Male sternum A8 posterior margin broadly incurved, with pair of lat-
eral papillae-like protuberances.

Male genitalia (N = 4) (Fig. 73). Uncus long, medially widened, apex duck beak-
shaped, ventrally with a small bump. Gnathos projection triangular, slender, ca. 1/4 of 
uncus length, with rounded apex. Valva ventral margin nearly straight, dorsal margin 
convex, apex pointed. Juxta with rounded base, narrowing on basal half, apex blunt. 
Saccus slightly quadrangular.

Female genitalia (N = 2) (Fig. 113). Anterior apophyses with dorsal bump at 
posterior 1/3. Antrum sclerotisation short, ca. as long as wide. Ductus bursae broad, 
kinked at anterior and posterior 1/4. Corpus bursae globular, posterior half reticulated, 
anterior half with erect papillae, with elongated sclerotised area running from corpus 
opening to its middle. Thorn on middle of sclerotisation, very small, slightly curved, 
with dents pointing toward thorn base.

Distribution. Known from North Sulawesi (Indonesia) at altitudes between 
300 m and 1,150 m.

Phylogenetic relationships. See H. kelama sp. nov.
Etymology. From the Latin ignitus, set on fire, and macula, spot or blot, in refer-

ence to the red and yellow spots of the forewing.
Remarks. Specimen MTD8238 shows a forewing pattern resembling that of H. 

ignitamaculae sp. nov., but with markings reduced. However, the thorn is absent in 
female genitalia.

Figures 34–45. Continued. 43 Hoploscopa jubata sp. nov., paratype, , Papua New Guinea, Morobe 
Province, near Bulolo, Mt Susu National Reserve, Araucaria forest, 975 m, 27–28.viii.1983 (S. Miller) 
44 Hoploscopa jubata sp. nov. , paratype, , Morobe Province, near Bulolo, Mt Susu National Reserve, 
Araucaria forest, 975 m, 27–28.viii.1983 (S. Miller) 45 Hindwing scent organ in Hoploscopa metacrossa. 
Paratype, , Papua New Guinea, Morobe Province, Wau, 1200 m, 8–14.xii.1976 (G. F. Hevel & R. E. 
Dietz) (genitalia on slide TL443 ).
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Figures 46–51. Male genitalia features of Hoploscopa. For each figure left above: genitalia without phal-
lus; left below: phallus; right above: gnathos drawing; right below: juxta drawing. 46 Hoploscopa albi-
puncta sp. nov., paratype, TL336  (genitalia without phallus), TL635  (phallus) 47 Hoploscopa matheae 
sp. nov., paratype, TL730  48 Hoploscopa sepanggi sp. nov., paratype, TL641  49 Hoploscopa cynodonta 
sp. nov., paratype, TL531  50 Hoploscopa parvimacula sp. nov., holotype, TL510  51 Hoploscopa kina-
baluensis sp. nov., paratype, TL342 . Abbreviations: c (cornutus), de (ductus ejaculatorius), g (gnathos), 
jx (juxta), s (saccus), ta (tegumen arm), v (valva), vc (vinculum), uc (uncus).
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Figures 52–57. Male genitalia features of Hoploscopa. 52 Hoploscopa luteomacula Nuss, holotype, GU 
prep. Nuss 744  53 Hoploscopa obliqua, holotype, Pyralidae Brit. Mus. Slide N° BMNH20252  (phal-
lus with juxta attached) 54 Hoploscopa gombongi sp. nov., holotype, TL653  55 Hoploscopa tonsepi sp. 
nov., paratype, TL661  56 Hoploscopa niveofascia sp. nov., holotype, TL442  57 Hoploscopa marijo-
weissae sp. nov., holotype, TL710 .
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Figures 58–63. Male genitalia features of Hoploscopa. 58 Hoploscopa titika sp. nov., holotype, TL505 
 (apical part of juxta attached to phallus) 59 Hoploscopa pangrangoensis sp. nov., paratype, TL659  

60 Hoploscopa isarogensis sp. nov., paratype, TL762  61 Hoploscopa ypsilon sp. nov., paratype, TL624  
62 Hoploscopa danaoensis sp. nov., holotype, TL632  63 Hoploscopa quadripuncta, holotype, Pyralidae 
Brit. Mus. Slide N° BMNH20257 .
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Figures 64–69. male genitalia features of Hoploscopa. 64. Hoploscopa subvariegata, TL534 . 65 Hop-
loscopa persimilis, lectotype, Pyralidae Brit. Mus. Slide N° BMNH20255  (no juxta drawing) 66 Hop-
loscopa diffusa, holotype, Pyralidae Brit. Mus. Slide N° BMNH1014  67 Hoploscopa triangulifera, TL711 

 68 Hoploscopa astrapias, TL724  69 Hoploscopa anamesa, TL727 .
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Figures 70–75. Male genitalia features of Hoploscopa. 70 Hoploscopa nauticorum, TL725  71 Hoplosco-
pa anacantha sp. nov., holotype, TL759  72 Hoploscopa kelama sp. nov., paratype, TL511  73 Hop-
loscopa ignitamaculae sp. nov., paratype, TL545  74 Hoploscopa albomaculata sp. nov., paratype, TL363 

 75 Hoploscopa sumatrensis sp. nov., paratype, TL538 .
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Hoploscopa albomaculata Léger & Nuss, sp. nov.
http://zoobank.org/E458DE68-F0CC-48B1-91D2-8F94B21D51DB
Figs 35, 74, 114

Material examined. Holotype: , with labels: “[Indonesia] North Sulawesi, Danau 
Mooat | east of Kotamobagu, 1000m | 25.–26. iii. 2000, at light | leg. A. Kallies & C. 
Zorn”; “DNA Barcode | BC MTD 01429”; “TL544 | ”. Deposited in MTD.

Paratypes: 9 , 5 . Indonesia: 5  (4 with genitalia on slides TL473 , TL479 
, TL543 , TL646 ), 3  (1 with DNA voucher MTD LEP57 & MTD LEP3213, 

genitalia on slide TL529 ), same data as holotype; 2  (1 with DNA voucher MTD 
LEP81, genitalia on slide TL363 ), 1  (DNA barcoding BC MTD 01428, genitalia on 
slide TL540 ), same locality as holotype, 30–31.iii.2000, leg. A. Kallies & S. Naumann 
(MTD); 1  (NHMUK010923450), 1  (NHMUK010923355), North Sulawesi, Da-
nau Mooat, 1200 m, near Kotamobagu, 27–28.ix.1985 ( ), 9.xi.1985 ( ), leg. Royal En-
tomological Society of London, Project Wallace; 1  (NHMUK010923451), same data, 
Site 22, 1080 m, PHPA chalet, open habitat, 31.viii.1985, leg. J. D. Holloway (NHMUK).

Diagnosis. Hoploscopa albomaculata sp. nov. is unique by virtue of its median trap-
ezoid and postmedian streak-like white patches on the forewing. In male genitalia, the 
gnathos projection is reduced to a small triangular tip, and the juxta is elongated, slen-
der, with a deeply indented apex. In female genitalia, ductus bursae is long, broad and 
curvy, and corpus bursae displays well-delimited sclerotised band and a straight thorn.

Similar species. No similar species known.
Description. Head. Antennae dorsally with brown scales. Proboscis pale yellow 

to pale brown. Maxillary palpi brown, base and inner side pale yellow. Labial palpi 
brown, ventral base and inner side pale yellow.

Thorax (Fig. 35). Collar pale yellow. Forewing length: 9 mm ( ), 9–10 mm ( ); 
forewing ground colour brown; small basal white dash edged with dark brown; me-
dian trapezoid white patch, with basal and distal edges dark brown; postmedian white 
streak, pale yellow at costa, edges dark brown; subterminal line dark brown, basally 
faintly marked with pale yellow; fringes basally pale yellow, distally brown. Hindwing 
pale brown. Forelegs bronze. Mid- and hindlegs with femur brown; tibia pale yellow 
speckled with brown; tarsi bronze.

Abdomen. Male sternum A8 posterior margin bilobed, laterally with pair of papil-
lae-like protuberances.

Male genitalia (N = 5) (Fig. 74). Uncus medially slightly widened, narrowed at 
apical 1/4, apex roughly truncate, ventrally with a triangular tip pointing posterad. 
Gnathos projection wide, triangular. Valva ventral margin nearly straight, dorsal mar-
gin conspicuously convex, apex pointed. Juxta slender, with base rounded, narrowing 
toward apex, apex deeply indented. Saccus small, pointing dorsad.

Female genitalia (N = 3) (Fig. 114). Anterior apophyses without dorsal bump at 
posterior 1/3. Ductus bursae long, slender, gently curved twice. Antrum sclerotisation 
short, ca. as long as wide. Corpus bursae small, globular, reticulated, with marked elon-
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gated sclerotisation from corpus opening to thorn. Thorn straight, with small dents 
pointing toward thorn apex.

Distribution. Known from North Sulawesi (Indonesia) at altitudes between 
1,000 m and 1,200 m.

Phylogenetic relationships. See H. kelama sp. nov.
Etymology. From the Latin albus, white, and maculatus, covered with spots.

Hoploscopa sumatrensis Léger & Nuss, sp. nov.
http://zoobank.org/22F33777-64CB-4E37-9AB2-41A52020ABEB
Figs 36, 75, 83, 115

Material examined. Holotype: , with labels: “Sumatra-Holzweg | 25km SSW-
Pematangsiantar | Straße nach Prapat [road to Prapat] | 6.-26.i.1995, leg. A. Kallies”; 
“coll[ection]. M. Nuss | Geschenk 2000 | Museum für Tier- | kunde Dresden”; “DNA 
voucher | Lepidoptera | date: xi.2018 | MTD8260 | [vertically written:] DNA | -vouch-
er”; “TL755 | ”. Deposited in MTD.

Paratypes: 3 , 4 . Indonesia. 3  (DNA vouchers MTD9119, MTD9129 & 
MTD9121 and genitalia on slides TL761 , TL763 , TL538 ), 3  (DNA vouch-
ers MTD LEP 3205, MTD8257, MTD8262 & genitalia on slides TL524 , TL752 

, TL757 ), same data as holotype; 1  (DNA voucher MTD7880 & genitalia on 
slide TL670 ), Sumatra, Asahan, Huta Padang, 1990, leg. E. W. Diehl (MTD).

Other specimens examined. 4 , 2  (DNA vouchers MTD LEP 3202, MTD 
8258 & genitalia on slides TL530 , TL753 ), same data as holotype; 1  (DNA 
voucher MTD LEP 3210 & genitalia on slide TL522 ), same data as holotype except 
23.viii.1989, leg. E. W. Diehl; 1  (DNA voucher MTD8261 & genitalia on slide 
TL756 ), same data as holotype except 13.ii.1996 (MTD).

Diagnosis. The forewings of H. sumatrensis sp. nov. display a pale yellow crescent-
shaped median discoidal stigma filled with reddish brown, as well as a postmedian area 
broadly suffused with pale yellow. In male genitalia, the gnathos projection is slender, 
ca. 4/5 of uncus length, with a tongue-shaped apex, and the juxta has a rounded base 
and a notched apex. In female genitalia, the short and slender ductus bursae bent be-
fore corpus and the pear-shaped corpus bursae with small straight thorn resemble those 
of other Hoploscopa species, e.g., H. danaoensis sp. nov. and H. parvimacula sp. nov.

Similar species. Hoploscopa pangrangoensis sp. nov. (q.v.).
Description. Head. Antennae dorsally with brown scales. Proboscis pale yellow 

to brown. Maxillary palpi brown, base and inner side pale yellow. Labial palpi brown, 
ventral base and inner side pale yellow.

Thorax (Fig. 36). Collar pale yellow. Forewing length: 9–10 mm (  & ); fore-
wing ground colour brown; small basal dark brown dash distally pale yellow; base of 
dorsum with patch of pale yellow scales; cubital reddish brown fascia running up to 
median area; median discoidal stigma reddish brown, edged with crescent-shaped pale 
yellow patch; postmedian patch reddish brown, with pale yellow blotch at costa; sub-
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terminal line broad, pale yellow; subterminal field tawny to brown; fringes brown, with 
pale yellow dots. Hindwing pale yellow. Forelegs bronze. Midlegs with femur brown; 
tibia pale yellow to brown; tarsi bronze. Hindlegs brown; tibia pale yellow speckled 
with brown; tarsi bronze.

Abdomen (Fig. 83). Male sternum A8 posterior margin bilobed.
Male genitalia (N = 4) (Fig. 75). Uncus medially broad, narrowed at apical 

1/4, apex tongue-shaped. Gnathos projection slender, ca. 4/5 of uncus length, apex 
tongue-shaped. Valva ventral margin straight, bent dorsad on distal 1/4, dorsal margin 
convex, apex pointed. Juxta base rounded, distal half narrowed, apex notched. Saccus 
triangular, pointed.

Female genitalia (N = 4) (Fig. 115). Anterior apophyses with dorsal tip at poste-
rior 1/3. Antrum sclerotisation short. Ductus bursae short, kinked before corpus open-
ing. Corpus bursae large, pear-shaped, with sclerotisation between thorn and corpus 
opening and a median sclerotised band. Thorn small, straight, with small dents.

Distribution. Known from North Sumatra (Indonesia).
DNA barcoding. Two MOTUs are found in morphologically identical specimens 

with same collecting data. The K2P-distance between the two MOTUs is 4.1–6%. The 
first MOTU, which is the one of the type material, shows an intraspecific variation of 
0.7%. The second MOTU is found in three females (samples BC MTD LEP01422, 
MTD8258 and MTD8261) and shows an intraspecific divergence of 0.6%.

Etymology. Named after the island of Sumatra where the species is encountered.
Remarks. Future examination of male specimens from the second lineage will help 

to determine whether or not it represents a separate species.

Hoploscopa mallyi Léger & Nuss, sp. nov.
http://zoobank.org/13552C8E-ED5E-447B-859A-8402DD48BA72
Figs 37, 76, 116

Material examined. Holotype: . “Borneo, Mt Kinabalu | Headquarter, 1600m | 
10–13.XI.2006, L[icht]F[ang] | leg. W. Mey & K. Ebert”; “Liwagu River | 1500m, 
Turm”; “DNA voucher | Lepidoptera | M. Nuss 2007 | [vertically written:] no. 124”; 
“TL366 | ”. Deposited in ZMHB.

Paratypes: 4 , 2 . Malaysia: 1 , 1  (genitalia on slides TL533  and TL340 
 respectively), Sabah, Kinabalu National Park Headquarters, 250 m from Pandanus 

Trail starting point, 6°0'34"N, 116°32'20"E 1640 m, UV light, 07.vi.2015, leg. T. 
Léger & R. Mally; 2  (1 with genitalia on slide TL339 ), Sabah, Mesilau logging 
site, 400 m before entrance to Mesilau Nature Reserve, 6°2'22"N, 116°35'54"E, 1930 
m, UV light, 02.vi.2015, T. Léger & R. Mally; 1  (DNA voucher 3197, genitalia on 
slide TL513 ), Sabah, Kinabalu Park Headquarters, ca. 300 m from starting point of 
Kiau View Trail, 6°0'25"N, 116°32'21"E, 1660 m, UV light, 06.vi.2015, T. Léger & 
R. Mally (MTD); 1 , Borneo, Mt Kinabalu, Mesilau, 2000 m, 14–17.xi.2006, W. 
Mey & K. Ebert (ZMHB).
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Figures 76–81. Male genitalia features of Hoploscopa. 76 Hoploscopa mallyi sp. nov., paratype, TL339 
 77 Hoploscopa gracilis sp. nov., paratype, TL539  78 Hoploscopa agtuuganonensis sp. nov., paratype, 

TL675  79 Hoploscopa boleta sp. nov., holotype, TL440  80 Hoploscopa pseudometacrossa sp. nov., 
paratype, TL441  (uncus apex missing) 81 Hoploscopa metacrossa, TL443 .
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Diagnosis. The forewings of H. mallyi sp. nov. display pale yellow crescent-shaped 
median discoidal stigma filled with red, together with median cubital patch forming a 
Y. In male genitalia, gnathos projection is long, slender, ca. 2/3 the uncus length, and 
juxta is ogive-shaped, with a slightly indented apex. In female genitalia, ductus bursae 
is long, broad and forms two large curves. Corpus bursae is small, globular, with one 
short curved thorn.

Similar species. Hoploscopa agtuuganonensis sp. nov., H. gracilis sp. nov. In H. ag-
tuuganonensis sp. nov., median discoidal stigma together with cubital and dorsal patches 
forms a band progressively narrowing toward dorsum (median cubital patch reduced to 
small streak, median dorsal patch absent in H. mallyi sp. nov.). Hoploscopa gracilis sp. 
nov. displays wing pattern similar to H. mallyi sp. nov. and can be best separated by ex-
amination of genitalia: uncus is slenderer, valva apex is pointed (rounded in H. mallyi sp. 
nov.) and juxta displays a broad duck beak-shaped apex. In female genitalia, ductus bur-
sae shows a narrow loop at posterior 1/3, and thorn is less curved in H. gracilis sp. nov.

Description. Head. Antennae dorsally with brown scales. Proboscis brown to pale 
brown scaled. Maxillary palpi brown, base and inner side pale yellow. Labial palpi 
brown, ventral base and inner side pale yellow.

Thorax (Fig. 37). Collar pale yellow. Forewing length: 10–12 mm ( ), 11–12 mm 
( ); forewing ground colour brown; basal longitudinal red streak basally edged with 
pale yellow; costal field red; median discoidal stigma crescent-shaped, pale yellow, filled 
with red; median cubital patch streak-like, pale yellow, together with discoidal stigma 
forming a Y; postmedian patch triangular, red, basal edge partially pale yellow, with 
pale yellow blotch at costa; postmedian area suffused with pale yellow and iridescent 
scales; subterminal field marked with red; fringes brown with pale yellow dots. Hind-
wing pale brown. Forelegs brown. Midlegs brown; femur and tibia distally pale yellow. 
Hindlegs with femur brown; tibia pale yellow speckled with brown; tarsi pale yellow 
to pale brown.

Male genitalia (N = 2) (Fig. 76). Uncus slender, medially narrowed, apex spatu-
late. Gnathos projection slender, ca. 2/3 of uncus length. Valva ventral margin gently 
bent dorsad on distal 1/3, dorsal margin convex, apex rounded. Juxta ogival, with base 
quadrangular, medially as wide as base, narrowing toward apex, apex narrow, notched. 
Saccus triangular, pointing dorsad.

Female genitalia (N = 3) (Fig. 116). Anterior apophyses with dorsal bump at 
posterior 1/3. Antrum sclerotisation forming a short ring. Ductus bursae long, broad, 
forming two large curves. Corpus bursae small, globular, reticulate, sclerotised between 
thorn and corpus opening, medially with broad faintly sclerotised band. Thorn sabre-
like, curved, with small dents pointing toward thorn base, basally with conspicuous 
outwardly projected extension.

Distribution. Known from the slopes of Mount Kinabalu on Borneo, at altitudes 
between 1,600 m and 2,000 m.

Phylogenetic relationships. This species is recovered in a clade with H. agtuu-
ganonensis sp. nov. and H. gracilis sp. nov. in the ML analysis of the COI barcode 
(BS = 92). The morphology of these species is in agreement with the molecular find-
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ings: in male genitalia, gnathos projection is long and slender; in female genitalia, the 
antrum sclerotisation is short, the ductus bursae is relatively broad, looped or with 
conspicuous curves, and the corpus bursae is small, globular.

Etymology. This species is dedicated to our colleague and friend Richard Mally, an 
eminent lepidopterologist.

Hoploscopa gracilis Léger & Nuss, sp. nov.
http://zoobank.org/CDC1F535-1AB1-469F-B6DE-082810E8E28F
Figs 38, 77, 117

Material examined. Holotype: , with labels: “Sumatra-Holzweg | 25km SSW-
Pematangsiantar | Straße nach Prapat [road to Prapat], L[icht]F[ang] [light trap] | 
13.ii.1996, leg. A. Kallies”; “coll[ection]. M. Nuss | Geschenk 2000 | Museum für 
Tier- | kunde Dresden”; “DNA voucher | Lepidoptera | date: xi.2018 | MTD8259 | 
[vertically written:] DNA- | voucher”; “TL754 | ”. Deposited in MTD.

Paratypes: 4 , 2 . Indonesia: 2  (1 with DNA voucher MTD7876 & genitalia 
on slide TL664 , 1 with DNA voucher MTD LEP 3203 & genitalia on slide), North 
Sumatra, Sipirok, 1450 m, 27–28.i.1995, leg. A. Kallies; 1  (DNA voucher MTD8256 
& genitalia on slide TL751 ), North Sumatra, Mount Sibayak, 03°14'19"N, 
98°29'52"E, 1900 m, 02.iii.2002, leg. U. Buchsbaum; 1  (genitalia on slide TL539 

), 1  (DNA voucher MTD8263 & genitalia on slide TL758 ), North Sumatra, 
Mount Sibayak, 03°14'13"N, 98°29'41"E, 1750 m, 07.vii.2000, leg. U. Buchsbaum; 
1  (DNA voucher MTD LEP 3204 & genitalia on slide TL527 ), North Sumatra, 
Dairi, near Sumbul, 2°46'N, 98°32'E, 1670 m, 20.ii.1999, leg. U. Buchsbaum.

Other specimens investigated. 1 . Malaysia: 1  (NHMUK010923415, DNA 
voucher MTD8239 & genitalia on slide TL737 ), West Malaysia, Cameron Highlands, 
Gunung Brinchang, 1980 m, 23–31.x.1989 (G. S. Robinson & M. A. Tobin) (NHMUK).

Diagnosis. Hoploscopa gracilis sp. nov. displays pale yellow crescent-shaped median 
discoidal stigma filled with reddish brown, together with median cubital patch form-
ing a Y. In male genitalia, uncus is long and slender, valva is slender with pointed apex, 
and juxta displays a broad duck beak-shaped apex. In female genitalia, the ductus bur-
sae is long, forming one loop on its middle, and the corpus bursae is small, globular, 
with one short slightly curved thorn.

Similar species. Hoploscopa agtuuganonensis sp. nov., H. mallyi sp. nov. (q.v.). Me-
dian markings of the forewing form a band progressively narrowing toward dorsum in 
H. agtuuganonensis sp. nov. In male genitalia, uncus of H. agtuuganonensis sp. nov. is 
larger, valva has a rounded apex and juxta apex is tongue-shaped. Female genitalia of 
H. agtuuganonensis sp. nov. are very similar to those of H. gracilis sp. nov. but differ by 
a more marked corpus sclerotisation and a thicker thorn.

Description. Head. Antennae dorsally ochreous to brown. Proboscis pale yellow. 
Maxillary palpi brown, base and inner side pale yellow. Labial palpi brown, ventral base 
and inner side pale yellow.
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Thorax (Fig. 38). Collar pale yellow. Forewing length: 9 mm ( ), 11 mm ( ); fore-
wing ground colour brown; broad elongated basal patch reddish brown with basal edge 
pale yellow, distally running up to median cubital patch; costal field reddish brown; me-
dian discoidal stigma reddish brown, edged with costa facing pale yellow C; trapezoid 
oblique pale yellow cubital patch disrupted at 1A+2A, together with median discoidal 
stigma forming a Y; postmedian triangular patch reddish brown, speckled with pale 
yellow, distally with costal pale yellow blotch; postmedian area suffused with a mix of 
pale yellow and iridescent scales; subterminal field marked with reddish brown; fringes 
brown, with pale yellow dots. Hindwing pale yellow. Forelegs brown. Midlegs brown; 
tibia distally pale yellow. Hindlegs brown, tibia pale yellow speckled with brown.

Abdomen. Male sternum A8 posterior margin notched, with pair of very small 
papillae-like protuberances.

Male genitalia (N = 4) (Fig. 77). Uncus long and slender, gently tapering toward 
apex, apex spatulate. Gnathos projection slender, ca. 2/3 of uncus length, with truncate 
apex. Valva slender, ventral margin nearly straight, gently bent dorsad on distal 1/4, dor-
sal margin convex, apex pointed. Juxta with base rounded, medially straight, widening 
at distal 1/3, apex duck beak-shaped. Saccus triangular, conspicuously pointing dorsad.

Female genitalia (N = 2) (Fig. 117). Anterior apophyses with dorsal bump at 
posterior 1/3. Antrum sclerotisation as long as wide. Ductus bursae long, with one 
loop, curved before corpus opening. Corpus bursae small, globular, reticulated, with 
sclerotisation between thorn and corpus opening and faintly sclerotised band medially. 
Thorn small, plump, slightly curved, with small dents pointing toward thorn base, 
basally with small outwardly projected extension.

Distribution. Known from North Sumatra, at altitudes between ca. 1,200 m 
to 1,900 m.

DNA barcoding. The species shows an intraspecific variation of 0.9%
Phylogenetic relationships. See H. mallyi sp. nov.
Etymology. From the Latin gracilis, slender, narrow, referring to the slender shape 

of the uncus, the gnathos projection, and the valva in male genitalia.

Hoploscopa agtuuganonensis Léger & Nuss, sp. nov.
http://zoobank.org/EA83FE68-F42D-4481-AB44-D1258E5DEBD4
Figs 39, 78, 118

Material examined. Holotype: , with labels: “Philippinen | Mindanao, 1050m | Mt 
Agtuuganon | 28.5–7.6.[19]96, leg. MEY”; “DNA voucher | Lepidoptera | date: i.2018 
| MTD7416 | [vertically written:] DNA-voucher”; “TL | 616 ”. Deposited in ZMHB.

Paratypes: 12 . Philippines: 12 (1 with DNA voucher MTD8149 & genitalia 
on slide TL708 , 2 with genitalia on slide TL675 , TL676 ), 4  (1 with DNA 
voucher MTD7415 & genitalia on slide TL617 ), same data as holotype (ZMHB).

Diagnosis. In H. agtuuganonensis sp. nov., median markings of the forewing form 
together a pale yellow band progressively narrowing toward dorsum, faintly disrupted 
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with red at veins. In male genitalia, uncus is long, slender, narrowed at apical 1/4 and 
gnathos projection is long and slender. In female genitalia, ductus bursae is long, broad, 
with one loop, and corpus bursae is small, globular, with one short plump thorn.

Similar species. Hoploscopa isarogensis sp. nov. (q.v.), H. mallyi sp. nov. (q.v.), H. 
gracilis sp. nov. (q.v.).

Description. Head. Antennae dorsally striped with brown and pale yellow scales. 
Proboscis pale yellow to pale brown. Maxillary palpi brown, base and inner side pale 
yellow. Labial palpi brown, ventral base and inner side pale yellow.

Thorax (Fig. 39). Collar pale yellow to white. Forewing length: 8–9 mm ( ), 9 mm 
( ); forewing ground colour brown; basal reddish brown quadrangular patch basally 
edged with pale yellow, crossed by longitudinal pale yellow streak, with median cubi-
tal and dorsal patches abutting dorsally; costal field reddish brown; median discoidal 
stigma trapezoid, pale yellow, filled with reddish brown, basal and distal edges marked 
with reddish brown, together with two pale yellow cubital patches forming a broad 
band narrowing toward dorsum; postmedian patch triangular, reddish brown, more or 
less speckled with pale yellow, with pale yellow blotch at costa; postmedian area suffused 
with pale yellow; subterminal line pale yellow; subterminal field reddish brown; fringes 
brown, with large pale yellow spots. Hindwing pale brown. Fore- and midlegs brown. 
Hindlegs with femur brown; tibia pale yellow speckled with brown; tarsi brown.

Abdomen. Male sternum A8 posterior margin bilobed.
Male genitalia (N = 2) (Fig. 78). Uncus long and slender, gently tapering toward 

apex, narrowed at apical 1/4, apex spatulate. Gnathos projection slender, ca. 2/3 of 
uncus length. Valva ventral margin straight, bent dorsad on distal 1/3, dorsal margin 
convex, apex rounded. Juxta with base quadrangular, with straight lateral margin, apex 
blunt. Saccus triangular, conspicuously pointing dorsad.

Female genitalia (N = 3) (Fig. 118). Anterior apophyses with dorsal tip at basal 
1/3. Antrum sclerotisation short, ca. as long as broad. Ductus bursae long, broad, with 
one loop. Corpus bursae small, globular, reticulated, with roughly defined scleroti-
sation between thorn and corpus opening. Thorn plump, straight, with small dents 
pointing toward thorn base, basally with small outwardly projected extension.

Distribution. Known from the slopes of Mount Agtuuganon (1,660 m) on Mind-
anao Island (Philippines), at an altitude of 1,050 m.

Phylogenetic relationships. See H. mallyi sp. nov.
Etymology. Named after Mount Agtuuganon on Mindanao Island (Philippines), 

where the specimens were collected.

Hoploscopa boleta Léger & Nuss, sp. nov.
http://zoobank.org/D717911D-F973-4401-BC2B-873E5ACED283
Figs 40, 79, 119

Material examined. Holotype: , with labels: “Co[lection] BECKER | PNG 1562”, 
“ Papua New Guinea | Morobe, M[oun]t Kaindi | 2360m 3.x.1992 | V. O. Becker 
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Col[lection]; “ DNA voucher | Lepidoptera | MTD2016 | [vertically written:] no. 
3160”; “TL440 | ”. Deposited in USNM.

Paratypes: 2 . Papua New Guinea: 1  (DNA voucher MTD LEP3168, geni-
talia on slide TL448 ), same data as holotype; 1  (DNA voucher MTD LEP 3159), 
same locality as holotype, 27–28.vii.1983, leg. S.E. & P. M. Miller (USNM).

Diagnosis. The forewings of H. boleta sp. nov. display median discoidal stigma 
and postmedian patch of a lighter brown, the latter with a well-marked pale yellow 
blotch at costa. In male genitalia, the conspicuous basal lateral projections of the juxta 
resemble the shape of a mushroom. Female genitalia are somewhat similar to those of 
other Hoploscopa species, e.g., H. parvimacula sp. nov., and H. danaoensis sp. nov., with 
a short straight ductus bursae, a pear-shaped corpus bursae, and a small straight thorn.

Similar species. Hoploscopa pseudometacrossa sp. nov., to a lesser extent H. kelama 
sp. nov. (q.v.). In H. pseudometacrossa sp. nov., forewing median discoidal stigma and 
postmedian patch are barely marked, and postmedian pale yellow blotch at costa is 
much smaller. In male genitalia, gnathos of H. pseudometacrossa sp. nov. displays a 
thumb-like projection, juxta shows less prominent lateral projections and an indented 
apex. In female genitalia, corpus bursae is larger than that of H. boleta sp. nov.

Description. Head. Antenna dorsally striped with ochreous and bronze scales. 
Proboscis pale yellow, basally brown. Maxillary palpi brown, base and inner side pale 
yellow. Labial palpi brown, ventro-basally pale yellow.

Thorax (Fig. 40). Collar pale yellow. Forewing length: 9–10 mm (  & ); fore-
wing ground colour brown; basal dash dark brown, distally pale yellow; basal and 
distal discoidal patches quadrangular, dark brown, basally and distally edged with pale 
yellow; median discoidal stigma there between trapezoid, light brown; dorsal median 
patch broad, pale yellow; postmedian patch light brown, with pale yellow blotch at 
costa; postmedian area suffused with pale yellow near costa; subterminal line dark 
brown, diffuse; fringe brown, with pale yellow dots. Hindwing pale yellow, darker at 
apex. Forelegs brown, tarsi bronze. Mid- and hindlegs with femur brown, tibia pale 
yellow, speckled with brown, tarsi bronze.

Abdomen. Male sternum A8 posterior margin broadly indented.
Male genitalia (N = 1) (Fig. 79). Uncus slender, conspicuously narrowed at api-

cal 1/4, apex duck beak-shaped, bearing thick setae, ventrally with three small ridges. 
Gnathos projection ca. 1/3 of the uncus length, tongue-shaped, gently narrowing to-
ward apex. Valva ventral margin nearly straight, dorsal margin slightly convex, apex 
slightly blunt. Juxta with base rounded with two conspicuous lateral projections, 
abruptly narrowed at basal 1/3, apex spatulate, similar to the shape of a mushroom. 
Saccus small, pointing dorsad.

Female genitalia (N = 2) (Fig. 119). Anterior apophyses with dorsal bump at 
posterior 1/3. Antrum sclerotisation twice as long as broad. Ductus bursae short, 
nearly straight. Corpus bursae globular, posterior half reticulated, medially with erect 
acanthae, anterior half membranous, with sclerotisation between thorn and corpus 
opening, medially with a sclerotised band. Thorn straight, with small dents pointing 
toward thorn base.
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Distribution. Known from Mount Kaindi in the Morobe Province (Papua New 
Guinea), at an altitude of 2,360 m.

Phylogenetic relationships. This species displays an uncus apex similar to those 
of H. jubata sp. nov., H. metacrossa, and H. pseudometacrossa sp. nov. and is possibly 
related to them.

Etymology. From the Latin boletus, in reference to the mushroom shape of the juxta.

Hoploscopa pseudometacrossa Léger & Nuss, sp. nov.
http://zoobank.org/E21452AB-8784-4A67-B270-1802A4D7293A
Figs 41, 80, 120

Material examined. Holotype: , with labels: “Papua New Guinea: W[estern]. H[ig]
hl[and] | Pr[o]v[ince], n[ea]r Mt. Hagen, Kuk Ag | Res[earch]. Sta[tion]., 1600m, UV 
Lite | 19–20 August 1983 | Scott E. & Pamela Miller”; “DNA voucher | Lepidoptera 
| date: i.2018 | MTD 7898 | [vertically written:] DNA-voucher”; “TL689 | ”. De-
posited in USNM.

Paratypes: 1 , 1 . Papua New Guinea: 1 , 1  (  with DNA voucher MTD 
LEP3161 & genitalia on slide TL441 ;  with DNA voucher MTD LEP3155 & 
genitalia on slide TL435 ), same data as holotype (USNM).

Diagnosis. The forewings of H. pseudometacrossa sp. nov. display barely marked 
median discoidal stigma and postmedian patch, while basal and distal discoidal patches 
are dark brown. Male hindwing displays an androconial organ on the dorsum. In male 
genitalia, the gnathos shows a short, thumb-like projection, and the juxta is slender, 
with notched apex. In female genitalia, the ductus bursae is relatively short-sized, the 
corpus bursae is large, spherical, with a small straight thorn.

Similar species. Hoploscopa boleta sp. nov. (q.v.), H. metacrossa, H. kelama sp. nov. 
(q.v.). Forewing median discoidal stigma forms a pale yellow Y with median cubital 
patch in H. metacrossa. In male genitalia, gnathos projection of H. metacrossa is thin-
ner, valva is larger, and juxta apex is rounded. Female genitalia are very similar, but the 
antrum sclerotisation is shorter, and the corpus bursae smaller in H. metacrossa.

Description. Head. Antennae dorsally with bronze to brown scales. Proboscis pale 
yellow to brown. Maxillary palpi brown, base and inner side pale yellow. Labial palpi 
brown, ventro-basally pale yellow.

Thorax (Fig. 41). Collar pale yellow. Forewing length: 9–10 mm (  & ); fore-
wing ground colour brown; basal dash dark brown, distally pale yellow; basal and distal 
discoidal stigma quadrangular, dark brown; median discoidal stigma faded, basally 
and distally thinly edged with pale yellow; postmedian patch faded, with distal edge 
dark brown, at costa with pale yellow blotch; postmedian line marked on costal half; 
postmedian area suffused with pale yellow near costa; subterminal line pale yellow; 
fringe brown, with pale yellow dots. Hindwing pale brown; in males, presence of an 
androconial organ on the dorsum of the hindwing. Forelegs brown. Mid- and hindlegs 
with femur brown, tibia brown speckled with pale yellow, tarsi bronze.
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Abdomen. Male sternum A8 posterior margin broadly indented, with pair of lat-
eral papillae-like protuberances.

Male genitalia (N = 1) (Fig. 80). Uncus slender, narrowed on apical 1/4which 
bears thick setae, apex missing on available slide. Gnathos projection thumb-shaped, 
ca. 1/4 of uncus length. Valva ventral margin bent dorsad on distal half, dorsal margin 
medially angled, apex roughly rounded. Juxta with base rounded, medially narrowed, 
apex notched. Saccus broad, triangular, pointing dorsad.

Female genitalia (N = 2) (Fig. 120). Anterior apophyses with dorsal bump at 
posterior 1/3. Antrum sclerotisation twice as long as broad. Ductus bursae short, more 
or less straight. Corpus bursae large, posterior half reticulated, medially covered with 
erect acanthae, anterior half membranous, with weak sclerotisation at thorn base. 
Thorn straight, with small dents pointing toward thorn base, basally with small out-
wardly projected extension.

Distribution. Known from Mount Hagen in the Morobe Province (Papua New 
Guinea), at an altitude of 1,600 m.

Phylogenetic relationships. The hindwing scent scales observed in males of H. 
jubata sp. nov., H. pseudometacrossa sp. nov., and H. metacrossa suggest a close relation-
ship between these three species.

Etymology. The name is made by the apposition of the prefix pseudo- from 
the Greek pseudes, false and metacrossa, referring to the resemblance of this species 
with H. metacrossa.

Hoploscopa metacrossa (Hampson, 1917)
Figs 42, 45, 81, 84, 86, 121

Material examined. Holotype: , with labels: “Holo- | type” [round label, red ringed]; 
“Fak-Fak | Dutch NewGuinea | Dec’[19]07 | 1700f[ee]t | (Pratt)”; “1913-216”; “Sco-
paria | metacrossa | type . H[a]mps[o]n.” [handwritten]; “Pyralidae | Brit[ish].
Mus[eum]. | Slide N°. | 3612”; "N,HMUK 010923297” [barcode appended]. Depos-
ited in NHMUK.

Other specimens examined. 12 , 38 . Papua New Guinea: 10  (3 with 
DNA vouchers MTD7899, MTD7900, MTD7901 and genitalia on slides TL690 , 
TL691 , TL692  respectively; 1 with genitalia on slide TL482 ), 25  (1 with 
genitalia on slide TL481 ), Morobe Province, near Bulolo, Mt Susu National Re-
serve, Araucaria forest, 975m, 27–28.viii.1983, leg. S. Miller; 1  (genitalia on slide 
TL472 ), 9  (2 with DNA vouchers MTD LEP 3166, MTD LEP 3167 and geni-
talia on slides TL446 , TL447 ), Morobe Province, Wau, Wau Ecological Institute, 
montane forest, 1200 m, 12–24.vii.1983 (2 ), 25–31.vii.1983 (1 , 3 ), 1–10.
viii.1983 (1 ), 23–31.viii.1983 (3 ), leg. S. E. & P. M. Miller; 4 , same collecting 
data except “trap at zoo pond”, 25–27.vii.1983; 1  (DNA voucher MTD LEP 3163 
& genitalia on slide TL443 ), Morobe Province, Wau, 1200 m, 8–14.xii.1976, leg. 
G. F. Hevel & R. E. Dietz (USNM).
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Diagnosis. The forewings of H. metacrossa display Y-shaped median and a post-
median pale yellow patches observed in several other Hoploscopa species (e.g., H. da-
naoensis sp. nov.). Male hindwing displays an androconial organ on the dorsum. The 
strongly sclerotised tympanic drum in tympanal organs of males is only observed 
in this species. In male genitalia, gnathos is projected into a small, slender, tongue-
shaped tip, and valva is broad, with a rounded ventral margin. In female genitalia, 
antrum sclerotisation is as long as wide, ductus bursae is short, straight and the 
corpus bursae is large.

Similar species. Hoploscopa brunnealis, H. danaoensis sp. nov., H. kinabaluen-
sis sp. nov. (q.v.), H. pseudometacrossa sp. nov. (q.v.). Males of H. metacrossa are 
easily separated from similar species (except H. pseudometacrossa sp. nov.) by the 
presence of scent organs on the hindwing, the sclerotised tympanic drum, and the 
characteristic spatulate uncus apex with ventral ridges. Female genitalia of the four 
above-mentioned species are similar, but ductus bursae is bent before corpus bur-
sae in these species (nearly straight in H. metacrossa) and corpus bursae are smaller 
than that of H. metacrossa.

Description. Head. Antennae dorsally brown. Proboscis pale yellow to brown. 
Maxillary palpi brown, base and inner side pale yellow. Labial palpi brown, ventral base 
and inner side pale yellow.

Thorax (Fig. 42, 45). Collar pale yellow. Forewing length: 9–10 mm (  & ); 
forewing ground colour brown; basal dark brown spot distally pale yellow; median 
discoidal stigma trapezoid, pale yellow, together with cubital pale yellow patches 
forming a Y; postmedian patch pale yellow speckled with brown, distal edge dark 
brown; postmedian line marked on costal half; postmedian area variously suffused 
with pale yellow; subterminal line pale yellow; fringes brown with pale yellow dots. 
Hindwing pale brown; in males, presence of an androconial organ on the dorsum of 
the hindwing. Forelegs brown. Mid- and hindlegs with femur brown; tibia pale yel-
low, speckled with brown; tarsi brown.

Abdomen (Fig. 84, 86). Male sternum A8 posterior margin broadly indented, with 
pair of lateral papillae-like protuberances.

Male genitalia (N = 3) (Fig. 81). Uncus slender, narrowed at apical 1/4, apex 
spatulate, bearing thick setae, ventrally with five small ridges. Gnathos projection ca. 
1/4 of uncus length, slender, tongue-shaped. Valva ventral margin curved dorsad on 
distal half, dorsal margin conspicuously convex, apex rounded. Juxta with base round-
ed or slightly quadrangular, narrowing at basal 1/4, apex tongue-shaped. Saccus tri-
angular, conspicuously pointing dorsad. Phallus with elongated, flat, spatula-shaped 
cornutus with subapical tip.

Female genitalia (N = 3) (Fig. 121). Anterior apophyses with dorsal bump 
at posterior 1/3. Antrum sclerotisation short, ca. as long as wide. Ductus bursae 
short, nearly straight. Corpus bursae spherical, reticulated, with sclerotisation be-
tween thorn and corpus opening and faintly marked sclerotisation medially. Thorn 
straight, with small dents pointing toward thorn base, basally with small outwardly 
projected extension.
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Distribution. Known from the Papua (Indonesia) and the Morobe Provinces 
(Papua New Guinea) in New Guinea, at altitudes between 600 and 1,200 m.

Phylogenetic relationships. See H. boleta sp. nov. and H. pseudometacrossa sp. nov.
Remarks. Nuss (1998) transferred this species from Eudorina to Hoploscopa.

Hoploscopa jubata Léger & Nuss, sp. nov.
http://zoobank.org/F81F0837-5324-4B81-AC72-B0519F850301
Figs 2, 43, 44, 82, 122

Material examined. Holotype: , with labels: “Papua New Guinea | Morobe 
Prov[ince]., n[ea]r Bulolo | Mt Susu Nat[ional]. Res[erve]., 975m | 27–28 Aug.1983, 
S. Miller | UV Lite, Araucaria For[est].”; “ DNA voucher | Lepidoptera | MTD2016 | 
[vertically written:] no. 3164”; “TL444 | ”. Deposited in USNM.

Paratypes: 4 , 24 . Papua New Guinea. 4  (1 with genitalia on slide TL447 , 
1 with genitalia on slide TL542 , 1 with wing preparation TL706), 21  (1 with DNA 
voucher MTD LEP3165 & genitalia on slide TL445 , 2 with genitalia on slide TL476 

 & TL541 ), same data as holotype. 1 , Morobe Province, Wau, Wau Ecological 
Institute, 12–24.vii.1983; 1 , same data except 1–10.viii.1983; 1 , Morobe Province, 
Wau, 1200 m, 8–14.xii.1976, at black light, leg. G. F. Hevel & R. E. Dietz (USNM).

Diagnosis. The forewings of H. jubata sp. nov. display white and orange markings. 
Median markings together form a white Y, at costa filled with orange, and postmedian 
area is broadly suffused with white (male) or reddish orange (female). Male hindwing 
displays an androconial organ on the dorsum. In male genitalia, gnathos projection is 
slender, ca. 1/3 of the uncus length, and juxta displays two conspicuous lateral projec-
tions at base, and a deeply indented apex. In female genitalia, the four loops formed by 
the ductus bursae is unique to this species.

Similar species. No similar species known.
Description. Head. Antennae dorsally brown. Proboscis brown. Maxillary palpi 

brown, base and inner side pale yellow. Labial palpi brown, ventral base and inner 
side pale yellow.

Thorax (Figs 2, 43, 44). Collar brown. Forewing length: 9–10 mm (  & ); fore-
wing  ground colour dark brown; basal narrow white streak, distally marked with 
yellow and orange; costa medially with mix of brown and pale yellow scales; median 
discoidal stigma white, filled with few red and yellow scales, together with cubital and 
dorsal patch forming a white Y; postmedian patch brown speckled with red, more or 
less marked, distally with costal white streak; postmedian line marked on costal half; 
postmedian area with broad white suffusion; subterminal line conspicuously incurved 
inward at CuA2, white; fringe chequered brown and pale yellow; forewing  (Fig. 44) 
ground colour dark brown; yellow basal patch crossed by orange streak; median trap-
ezoid white patch, more or less filled with yellow and red scales, together with cubital 
and dorsal white patches forming a Y; postmedian patch roughly oval, reddish orange, 
basally edged with yellow, distally with costal white streak; postmedian line marked on 
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costal half; postmedian area faintly speckled with white between postmedian patch and 
subterminal line; subterminal line white, incurved inwards at CuA2; subterminal field 
marked with reddish orange and yellow; fringe brown with pale yellow dots. Hindwing 
pale yellow; in males, presence of an androconial organ on the dorsum of the hind-
wing. Forelegs bronze. Midlegs with femur brown; tibia brown, distally pale yellow; tarsi 
bronze. Hindlegs with femur brown; tibia pale yellow, speckled with brown; tarsi bronze.

Abdomen. Male tergite I, II partially sclerotised; tergite III sclerotised, with two 
shallow depressions on each side of middle, bearing patches of modified scales. Ster-
num A8 posterior margin straight.

Male genitalia (N = 3) (Fig. 82). Uncus long and slender, basally narrow, medially 
slightly widening, narrowed at apical 1/4, apex spatula-shaped, ventrally with eight small 
ridges. Gnathos projection slender, ca. 1/3 of the uncus length. Valva gently bending 
dorsad from distal 1/3, dorsal margin slightly convex, apex roughly truncate, hair con-
centrated on median line on inner side of valvae, forming a furrow ring. Juxta mush-
room-shaped, with base roughly rounded, slightly concave on its middle, with two con-
spicuous lateral extensions pointing outward, conspicuously narrowed at basal 1/4, apex 
split into two conspicuously pointed tips. Saccus broad, triangular, pointing dorsad.

Female genitalia (N = 3) (Fig. 122). Anterior apophyses with dorsal bump at pos-
terior 1/3. Antrum sclerotisation short, ca. as long as broad. Ductus bursae very long, 
forming four conspicuous loops. Corpus bursae small, globular, reticulated, medially 
with light broad sclerotised patch, with weak rounded sclerotisation at corpus opening. 
Thorn gently curved, with small dents pointing toward thorn base, basally with small 
outwardly projected extension.

Distribution. Known from Wau and from Mount Susu in the Morobe Province 
(Papua New Guinea), at altitudes between 950 m and 1,200 m.

Phylogenetic relationships. See H. boleta sp. nov. and H. pseudometacrossa sp. nov.
Etymology. From the Latin jubatus, having a mane, referring to the dense hair 

covering on the inner side of the male genitalia.
Remarks. This species is the only one known from the genus to exhibit a pro-

nounced sexual dimorphism.

Misplaced species

Hoploscopa mediobrunnea (De Joannis, 1929) from Vietnam has been provisionally placed 
in Hoploscopa by Nuss (1998). He justified his choice as follows: ““Since Eudorina Snellen 
is a homonym of Eudorina Ehrenberg, 1832 (Protozoa), I place E. mediobrunnea here pre-
liminarily in Hoploscopa. With the white discocellular stigma and the white fasciata adjacent 
to the median space, the wing pattern of this species look similar to the Musotiminae genus 
Uthinia. In contrast to Uthinia, H. mediobrunnea shows porrect labial palpi, a long ductus 
bursae, and the ductus seminalis originates near the antrum. The corpus bursae shows three 
round signa, with inwardly directed tiny spines arising from their edges.” (Nuss, 1998). Its 
wing shape and the female genitalia are different from all Hoploscopa species we have exam-
ined to date, and we therefore assume that H. mediobrunnea belongs to a different genus.
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Figures 82–86. Male genitalia and abdomen features of Hoploscopa. 82 Hoploscopa jubata sp. nov., 
paratype, TL542  83 Tympanal organs of Hoploscopa sumatrensis sp. nov., paratype, TL538  84 Male 
tympanal organs of Hoploscopa metacrossa, TL472  85 Sternite VIII of Hoploscopa sp. near isarogensis, 
TL626  86 Sternite VIII of Hoploscopa metacrossa, TL443 . Abbreviations: tb (tympanic bridge), td 
(tympanic drum), tdp (tympanic depression), tm (tympanum), tr (transverse ridge).
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Figures 87–90. Female genitalia features of Hoploscopa. 87 Hoploscopa albipuncta sp. nov., paratype, 
TL609  88 Hoploscopa matheae sp. nov., paratype, TL599  89 Hoploscopa sepanggi sp. nov., paratype, 
TL547  90 Hoploscopa cynodonta sp. nov., paratype, TL625 . Abbreviations: aa (anterior apophyses), 
at (antrum), cb (corpus bursae), cs (corpus sclerotization), db (ductus bursae), ds (ductus seminalis), pa 
(posterior apophyses), pp (papillae anales), segm. VIII (segment VIII), t (thorn).
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Figures 91–94. Female genitalia features of Hoploscopa. 91 Hoploscopa parvimacula sp. nov., paratype, 
TL551  92 Hoploscopa kinabaluensis sp. nov., TL674  93 Hoploscopa luteomacula, paratype, GU prep. 
Nuss 743  94 Hoploscopa obliqua, paratype, TL656 .
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Figures 95–98. Female genitalia features of Hoploscopa. 95 Hoploscopa marijoweissae sp. nov., paratype, 
TL709  96 Hoploscopa gombongi sp. nov., paratype, TL654  97 Hoploscopa pangrangoensis sp. nov., 
paratype, TL627  98 Hoploscopa ypsilon sp. nov., paratype, TL620 .
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Figures 99–102. Female genitalia features of Hoploscopa. 99 Hoploscopa danaoensis sp. nov., paratype, 
TL618  100 Hoploscopa isarogensis sp. nov., holotype, TL514  101 Hoploscopa tonsepi sp. nov., para-
type, TL658  102 Hoploscopa aurantiacalis, lectotype, Pyralidae Brit. Mus. Slide N° BMNH20246 .
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Figures 103–106. Female genitalia features of Hoploscopa. 103 Hoploscopa brunnealis, lectotype, Pyrali-
dae Brit. Mus. Slide N° BMNH20247  104 Hoploscopa ocellata, holotype, Pyralidae Brit. Mus. Slide N° 
BMNH20258  105 Hoploscopa quadripuncta, TL713  106 Hoploscopa semifascia, holotype, Pyralidae 
Brit. Mus. Slide N° BMNH20253 .
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Figures 107–110. Female genitalia features of Hoploscopa. 107 Hoploscopa astrapias, TL23  108 Hop-
loscopa anamesa, TL718  109 Hoploscopa subvariegata, lectotype, Pyralidae Brit. Mus. Slide N° 
BMNH20254  110 Hoploscopa triangulifera, holotype, Pyralidae Brit. Mus. Slide N° BMNH20256 .
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Figures 111–114. Female genitalia features of Hoploscopa. 111 Hoploscopa anacantha sp. nov., paratype, 
TL732  112 Hoploscopa kelama sp. nov., paratype, TL665  113 Hoploscopa ignitamaculae sp. nov., 
paratype, TL364  114 Hoploscopa albomaculata sp. nov., paratype, TL529 .
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Figures 115–118. Female genitalia features of Hoploscopa. 115 Hoploscopa sumatrensis sp. nov., para-
type, TL530  116 Hoploscopa mallyi sp. nov., paratype, TL513  117 Hoploscopa gracilis sp. nov., 
paratype, TL527  118 Hoploscopa agtuuganonensis sp. nov., holotype, TL616 .
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Figures 119–122. Female genitalia features of Hoploscopa. 119 Hoploscopa boleta sp. nov., paratype, 
TL448  120 Hoploscopa pseudometacrossa sp. nov., paratype, TL435  121 Hoploscopa metacrossa, para-
type, TL446  122 Hoploscopa jubata sp. nov., paratype, TL445 .



Twenty-six new species of Hoploscopa 87

Figure 123. RaxML analysis of the COI barcode dataset partitionned after codon positions. Node sup-
port estimated with 1000 thorough bootstrap replicates under the GTR+GAMMA substitution model. 
Columns on the right display species delimitation inferred from the morphology (red), the ABGD (pink), 
and GMYC (green) methods.
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Discussion

Our iterative taxonomic revision resulted in the discovery and description of 26 new 
species as well as the redescription of 15 species. Thirty of 38 morphospecies were 
concordant with species delimitation based on the COI barcode. Distinct genetic 
divergence (i.e., more than 2%) among populations of different islands, with minor 
morphological differences in wing pattern or male genitalia, suggests reproductive iso-
lation through allopatric effects. In H. matheae sp. nov. and H. parvimacula sp. nov., 
specimens from Borneo and from Malaysia Peninsula form two distinct MOTUs that 
deserve closer examination. Cryptic divergence between Borneo and Malayan Penin-
sula has been found in other studies, e.g., ants (Quek et al. 2007, Feldhaar et al. 2010), 
bats (Francis et al. 2010), and birds (Lohman et al. 2011). Similarly, specimens of H. 
danaoensis sp. nov. and H. isarogensis sp. nov. from different Philippines islands display 
distinct genetic differentiation suggesting allopatric differentiation. Cryptic diversity 
among populations of different Philippines islands has also been reported in birds 
(Lohman et al. 2010). We found specimens from Eastern New Guinea resembling 
the type specimens of H. quadripuncta and H. semifascia from Western New Guinea, 
but displaying minor differences in male genitalia in each case. This suggests potential 
east-west differentiation along the Cordillera, as observed in birds (Joseph et al. 2001). 
Molecular investigations of specimens from Western New Guinea should be performed 
to test this hypothesis. High DNA barcode divergence in geographically distant species 
reveals the need for a better sampling with higher geographical coverage to investigate 
both intraspecific and interspecific variation (Bergsten et al. 2012, Talavera et al. 2013).

Two cases of high genetic divergence found in sympatric populations deserve 
closer attention. The first case involves H. sumatrensis sp. nov. from north Sumatra, 
where two mitochondrial lineages differ by 4.1–6%. In the second case, a divergence 
of 1.7–2.2% is observed in sympatric specimens of H. kinabaluensis sp. nov. on Mount 
Kinabalu. Closer examination of the morphology did not reveal any differences in 
either case. Inclusion of nuclear markers is needed in order to test if these mitochon-
drial lineages reflect different species or cases of introgression, symbiont infection, or 
maternal lineage sorting (Funk and Omland 2003, Hurst and Jiggins 2005, Harrison 
and Larson 2014). Notably, introgression has been reported in Lepidoptera (Zakharov 
et al. 2009; Cong et al. 2017), including Crambidae (Mally et al. 2018).

The investigated material more than doubled the number of Hoploscopa species. 
With 41 species now described, we still have not reached the saturation phase in spe-
cies discovery for this group. For example, morphology of the female genitalia and 
molecular data support specimens MTD8238 and MTD8243 as different species, for 
which male specimens remain to be discovered. Similarly, molecular data and images 
of the habitus support specimen USNM_ENT_00739239 as a new but yet unde-
scribed species. Unfortunately, this specimen could not be located (Scott Miller, pers. 
comm.). Additionally, the nine cases of morphospecies split into two or more MOTUs 
suggest putative new cryptic species and require further examination. In the NHMUK 
collection, we estimate at least a further 30 species await description. The presumed 
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sister-group Perimeceta is probably less diverse, with four described species to date and 
an estimated twelve undescribed species in the collections of the NHMUK.

Hoploscopa is predominantly found in montane wet forests of South-East Asia at 
altitudes above 1,000 m, while species from higher latitudes tend to stretch their altitu-
dinal distribution down to the lowlands, e.g., on the Philippines (H. danaoensis sp. nov., 
H. isarogensis sp. nov.) and the Melanesian islands (H. astrapias, H. anamesa, H. nautico-
rum). Mountain of South-East Asia are also home to other species-rich crambid groups, 
e.g., Glaucocharis, Micraglossa, and Scoparia (Gaskin 1985, Nuss 1998). Based on our 
data, we hypothesise isolation through elevation, higher specialisation, and seasonality 
as three potential factors driving the diversification of Hoploscopa. Isolation through 
elevation promotes species diversity and endemism (Steinbauer et al. 2016). The study 
of Merckx et al. (2015) on a broad range of taxonomic groups from Mount Kinabalu 
suggested endemic species on tropical mountains to originate either from long-distance 
dispersal (eccentric species) or from colonisation from local lowlands (centric species). 
All seven new species from Mount Kinabalu described in this paper do not share mor-
phological similarities and no close relationships was recovered among them. On the 
contrary, H. mallyi sp. nov. from Mt Kinabalu forms a well-supported clade with H. 
agtuuganonensis sp. nov. from Mindanao and H. gracilis sp. nov. from Sumatra and rep-
resents a possible case of long-distance dispersal across islands. Colonisation from local 
lowland is also conceivable in Hoploscopa: H. cynodonta sp. nov. is reported at an altitude 
of 300 m in Brunei, and other Hoploscopa specimens have been collected at altitudes of 
500 m at the foot of Mount Kinabalu (Schulze 2000). Secondly, on-site specialisation 
on host plant is another possible driver of speciation. Moths were shown to be high spe-
cialists in tropical mountains (Rodríguez-Castañeda et al. 2010). Larvae of Hoploscopa 
feed on ferns, which show a high species diversity in montane wet forests (Ebihara and 
Kuo 2012). Current host plant records report five Hoploscopa species to feed on ferns be-
longing to three distinct genera (Mally et al. 2017). Ferns are scarcely used by Lepidop-
tera (Weintraub et al. 1995) and thus represent a large palette of potential larval food. 
Finally, there is a possible seasonality occurring in Hoploscopa species. The Hoploscopa 
larva described by Mally et al. (2017) and collected during a field trip on Mount Kina-
balu did not match any of the eight species we collected there, although we cannot rule 
out the possibility that we simply did not collect it. Seasonality is observed in Pyraloidea 
from lowlands surrounding Mount Kinabalu (Schulze and Fiedler 2003) but no studies 
are available on the seasonality of moths at higher elevations in South-East Asia. Further 
systematic work on Hoploscopa, phylogeographic investigations, as well as accumulation 
of host plant will assist in completing a more comprehensive picture of its diversity.
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Chapter 5

Conclusion and outlook

The presented work gives a first detailed phylogeny of the Crambinae, Scopariinae and Heliothe-
linae s. str. as well as new insights into the phylogenetic placement, the host plants, the larval
morphology and the species diversity of Hoploscopinae. The analysis of a six-genes dataset re-
solved most relationships within Crambinae and Scopariinae and resulted in a revised tribal and
generic classification, respectively. However, this dataset failed at resolving relationships among
subfamilies and in species-rich groups such as the Crambini and Eudonia. Analyses of our ten-
genes dataset combined with other data (Mutanen et al., 2010; Regier et al., 2012) as well as
published transcriptomes or genomes (Challis et al., 2016; Kawahara & Breinholt, 2014; Renuka
et al., 2017) provided the first phylogeny for all Crambidae subfamilies. The Heliothelinae were
recovered as polyphyletic, with Heliothelinae s. str. sister to the Scopariinae and Hoploscopinae
stat. n. as a separate lineage sister to (Heliothelinae + Scopariinae) + Crambinae. Cathariinae
and Cybalomiinae were found related to the Glaphyriinae, as suggested by the Brassicales host
plants shared between Cybalomiinae and Glaphyriinae. However, the lack of basal support pre-
vented us from proposing taxonomic changes. The Lathrotelinae were confirmed monophyletic
and could be confidently assigned to the CAMMSS clade while the Linostinae were recovered
within the non-PS clade, although its position within this clade varied among analyses.

The difficulty in confidently placing Cathariinae, Cybalomiinae and Linostinae in a phyloge-
netic framework here reflects the limits of the multigene datasets generated using a “first gener-
ation” Sanger sequencing approach and suggests the inclusion of a greater number of molecular
markers in order to increase branch support. NGS methods such as Target Enrichment, Tran-
scriptome Sequencing, Shotgun Sequencing or Whole Genome Sequencing provide hundreds of
markers for phylogenetic analyses and there is an evergrowing number of studies on biodiversity
using them (Matos-Marav́ı et al., 2019). These genomic methods have been successfully used in
several phylogenetic studies on Lepidoptera (e.g., Bazinet et al., 2017; Kawahara & Breinholt,
2014; Kawahara et al., 2019; Li et al., 2019; Toussaint et al., 2018) and are envisioned as the
next step in pyraloid phylogeny. The use of fragmented DNA as a template for some of these
methods (e.g. Shotgun Sequencing, Target Enrichment) opens the gate for phylogenetics to be
applied to museum material (e.g., St Laurent et al., 2018 Li et al., 2019). This is especially
relevant in times where fieldwork in tropical countries becomes increasingly difficult (Prathapan
et al., 2018).

Ancestral character reconstruction in Crambinae and Scopariinae confirmed the apomorphic
status of twelve characters, while nine other characters provided new apomorphies. For instance,
the “open cell” in the hindwing of several Crambinae have been used by several authors for a
tentative classification of the group, and was shown in this study to represent an apomorphy
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for the newly recovered “open-cell clade”. Other characters previously used to define taxonomic
groups were shown to be homoplastic in the light of the phylogenetic tree, as exemplified by the
snow white color of the forewings proposed as an apomorphy for the Argyriini (Munroe, 1995),
which turned out to represent convergence patterns in the light of the present results. Li et al.
(2019) found a similar convergence in wing pattern in Hesperiidae that misled specialists in their
classification. Sampling of several taxa per genus in Eudonia, Microcrambus and Scoparia in
the presented work highlighted seven genera as in-groups of the three above-mentioned genera
and led to their synonymization. We expect further cases in future works enlarging the generic
sampling. Finally, morphological traits could be associated with variations in life history. The
reduction of the anterior apophyses as well as the non-coalesced papillae anales in the female
oviscapt of the Crambini correlate with the behaviour of laying non-adhesive eggs and the use
of cool-season grasses (Pooideae) as host plants. Also, variations in genitalic characters such as
the tip of the gnathos in males or the number of signa on the corpus bursae in females suggest
different modus operandi in the poorly known mating process of the Crambinae and provide
ground for future research.

The third paper of this work provide the first host plant record for the Hoploscopinae.
A review of the records in the world lepidopteran hostplants database (Robinson et al., 2010)
and in additional literature provides host records for an estimated 246 species of Crambinae,
Heliothelinae, Hoploscopinae and Scopariinae. This represents less than 10% of the 2700 species
described in all four subfamilies. Tropical regions are especially understudied in this matter:
tropical species constitute only a third of the 246 species with host plant records, and the
majority of their host plants records are crops. This highlights the scarcity of our knowledge
on the interactions of most pyraloid species with their ecosystems and advocate the need of
more studies addressing trophic interactions (Wilson, 2017). DNA barcoding has been shown
to efficiently uncover interactions between insects and host plants (Baker et al., 2016), and was
used in this work to confidently assign the larvae collected on ferns to the genus Hoploscopa.
Large-scale projects on Lepidoptera-host plant associations in groups such as Geometridae and
Pyraloidea (Hausmann et al., 2019; Miller et al., 2015, 2016; Segar et al., 2017) shows the way
to efficiently tackle trophic interactions in largely unknown ecosystems.

New species are described at a regular pace, with 32 to 115 species described each year in
the period of 2006-2015 (Nuss et al., 2003–2019), depending on the productivity and disposi-
tion of pyraloid taxonomists. Tackling the diversity of Hoploscopa with morphology and DNA
barcoding resulted in the description of 26 new species, increasing the number of species placed
in the genus to 41. Another 30 still undescribed species are known from scientific collections.
This magnitude fits within the range of the expansion factors estimated from diverse genera of
Scopariinae and Crambinae in China and summarized in Fig. 5.1. Evaluating the number of
species remaining to be described is a delicate task as some groups have been revised regionally
or globally, while others are in a poor taxonomical state. Also, the species diversity depends
on factors such as ecological adaptations and dispersal abilities that vary strongly among taxa.
Hoploscopa and Scopariinae both share the montane rain forests of South-East Asia as habitat,
but use different larval host plants, ferns and mosses, respectively. When using a factor 4.4 to
estimate the number of undescribed species in Hoploscopa as a proxi to estimate the diversity in
Scopariinae in South-East Asia and Melanesia, the fifteen scopariine species of Eudonia, Micra-
glossa and Scoparia presently described from these regions (Nuss et al., 2003–2019) suggest that
another 70 species remain to be described from there. When applying the factors calculated for
these three genera in China (Fig. 5.1), the number of species awaiting description in South-East
Asia ranges between 38 and 109.
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Figure 5.1: Diagramm displaying the number of species brought by revisions of four mountain-dwelling pyraloid
groups in China

DNA barcoding is a long established method enabling rapid survey of the diversity in poorly
known groups (Miller et al., 2016, Srivathsan et al., 2019). Our integrative approach, referred
to as “iterative”, consisted in a first screen and sorting of Hoploscopa specimens after morphol-
ogy, followed by sequencing of the DNA barcode for few representative of each morphospecies.
However, some morphospecies unveil unexpected diversity in COI barcode, as illustrated by Ho-
ploscopa kinabaluensis and H. sumatrensis, where morphologically identical specimens from the
same locality were recovered into two clusters. This diversity might go unnoticed when only
few specimens of each morphospecies are selected for DNA barcoding. A decrease in costs of
DNA barcoding enables the use of a reverse workflow where material is first sorted using DNA
barcoding, afterwhat few specimens of each operational taxonomic units (OTUs) are investigated
morphologically (Wang et al., 2018). Current costs of Sanger analysis of 6$/specimen represent
the DNA extraction (∼ 2.5$), PCR costs (∼ 1.5$) and unidirectional sequencing (∼ 2$). High-
throughput sequencing of tagged amplicons shows a drop of sequencing price to 0.20$/specimen
when samples are massively processed, representing a total cost of 1$/specimen (Hebert et al.,
2018). A method using MinION reports a cost of 0.55$/specimens (Srivathsan et al., 2019).
Alternatively, the use of short barcodes (313bp) has been shown to effectively sort specimens
without a decrease of performance in comparison to full length COI barcode, and results in
a cost of less than 0.5$/specimen (Wang et al., 2018). Yet, DNA barcoding does not always
agree with morphological delimitations. Incongruences can result from errors due to wrong mor-
phological assignment, contamination in PCR or artefacts in the analysis with short sequences
(Srivathsan et al., 2019). When these incongruences persist in independent replicates, biological
phenomenons such as incomplete lineage sorting or introgression can underlie these patterns.
Inclusion of a set of nuclear markers is advised in these cases (Schlick-Steiner et al., 2010).
While DNA barcoding ensure the use of an universal marker across Lepidoptera, analysis of
morphology suffers a lack of standard across groups (Avise & Mitchell, 2007). In the present



170 CHAPTER 5. CONCLUSION AND OUTLOOK

work, the use of software Mesquite (W. P. Maddison & D. R. Maddison, 2017) facilitated the in-
vestigation of morphological characters by allowing rapid visualization of character diversity and
warrantying consistency in the description of these characters. However, performance decreases
when this information is transcribed into the manuscript, suggesting no current solution to dras-
tically increase the speed of species descriptions without encroaching on quality. Taxonomical
works providing description for a large number of taxa often rely on short concise diagnostical
descriptions (e.g., Butcher et al., 2012; Riedel et al., 2013b, 2014, Riedel & Narakusumo, 2019).
Another issue slowing down taxonomic work is the necessary laborious detective work through
old literature of variable quality and the equally necessary examination of type specimens, often
spread across museums (Riedel et al., 2013a). Digitization initiatives in museums such as IdigBio
(www.idigbio.org) and DISSCO (www.dissco.eu), especially for type specimens, will bridge the
literature with physical specimens, while molecular characterization of museum material (Haus-
mann et al., 2016, Prosser et al., 2016) will link Linnean taxonomy with DNA barcoding and
endorse species discovery.
We now have a fairly good knowledge of the phylogenetic relationships within Crambidae, as
well as for the large clades Crambinae + Scopariinae and Pyraustinae + Spilomelinae (Léger
et al., 2019; Mally et al., 2019). Further species-rich groups, such as Acentropinae (767 spp.),
Epipaschiinae (718 spp.), Pyralinae (962 spp.) and Phycitinae (3131 spp.), are in great need of
systematic revision and should be the focus of future studies. Future works will benefit from
the use of genomic methods in a taxon-, collection- or region-based approach and will provide
new insights into the phylogenetic relationships of pyraloid moths, fostering our understanding of
the evolution of morphological and ecological characters as well as accelerating species discovery.
The advances in the field of “museomics” will contribute to the discovery of evolutionary lineages
we are not aware of yet. These endeavors go hand in hand with the ambitious project by Lewin
et al. (2018) to provide a genome for each living species.
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Figure A.1: Uncorrected p-distances of the 3rd codon position for each gene plotted against the
distance on the best scoring ML tree of conc6genes.
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Figure A.2: Best-scoring ML tree of the whole dataset with best Partition Finder model applied
and bootstrap support values from 1000 replicates displayed on nodes.
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Figure A.3: Best-scoring ML tree of the conc6genes COI1+2 dataset with the best Partition
Finder model applied. Bootstrap support (1000 replicates) displayed above the nodes, posterior
probabilities displayed below.
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Figure A.4: Nodes numbers used for ace analyses (Table S6) plotted on best-scoring ML tree of
the conc6genes dataset with best Partition Finder model applied.
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èv
e
(M

H
N
G
),

M
u
se
u
m

fü
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Table A.2: PCR primers used. PCR product length for newly designed nested primers refer to the PCR product
obtained with the corresponding standard primer from Wahlberg & Wheat (2008).

Gene Primer Direction Sequence (5’ -¿ 3’)
Annealing
tempera-
ture

PCR
product
length
(bp)

Reference

GAPDH Frigga Forward AARGCTGGRGCTGAATATGT 55 691
Wahlberg &
Wheat, 2008

GAPDH Burre Reverse GWTTGAATGTACTTGATRAGRTC 55 691
Wahlberg &
Wheat, 2008

GAPDH GAPDHf96 Forward YTCYTGCACYACCAACTG 55 508 this study
GAPDH GAPDHr610 Reverse TCRTTGTCRTACCARCTGAT 55 646 this study

RpS5 RpS5f Forward ATGGCNGARGARAAYTGGAAYGA 55 613
Wahlberg &
Wheat, 2008

RpS5 RpS5r Reverse CGGTTRGAYTTRGCAACACG 55 613
Wahlberg &
Wheat, 2008

RpS5 RpS5f3 Forward GAYATTCCYGAAATCAAACT 55 535 this study
RpS5 RpS5r538 Reverse TCCARCTCRTCCTTYTTYTT 55 592 this study

IDH IDHdeg27F Forward GGWGAYGARATGACNAGRATHATHTGG 55 711
Wahlberg &
Wheat, 2008

IDH IDHdegR Reverse TTYTTRCAIGCCCANACRAANCCNCC 55 711
Wahlberg &
Wheat, 2008

IDH IDHf169 Forward ATGTGGAARAGYCCYAATGG 53 490 this study
IDH IDHr626 Reverse CAATCARYCTRTGCTCATACC 53 658 this study

MDH MDHf Forward GAYATNGCNCCNATGATGGGNGT 55 733
Wahlberg &
Wheat, 2008

MDH MDHr Reverse AGNCCYTCNACDATYTTCCAYTT 55 733
Wahlberg &
Wheat, 2008

MDH MDHf73 Forward GCYATGCCYAGAAGAGAAGG 55 595 this study
MDH MDHr490 Reverse ACAGCWGCACCWCKCTTRTG 55 535 this study

CAD CAD743f Forward GGNGTNACNACNGCNTGYTTYGARCC 55 850
Wahlberg &
Wheat, 2008

CAD CAD1028r Reverse TTRTTNGGNARYTGNCCNCCCAT 55 850
Wahlberg &
Wheat, 2008

CAD CADf19 Forward AGYTCNATGAAAAGYGTNGG 55 754 this study
CAD CADr604 Reverse CATCCHACWGCACACCAATC 55 661 this study

COI LCO Forward GGTCAACAAATCATAAAGATATTGG 50 676
Wahlberg &
Wheat, 2008

COI Nancy Reverse CCTGGTAAAATTAAAATATAAACTTC 50 676 Simon & al., 1994

COI Jerry Forward CAACAYTTATTTTGATTTTTTGG 50 829
Wahlberg &
Wheat, 2008

COI Pat Reverse ATCCATTACATATAATCTGCCATA 50 829
Wahlberg &
Wheat, 2008

Table A.3: PCR mix adapted from Wahlberg & Wheat (2008).

Reagents
20 μ l reaction (without
Hi-Spec Additive)

20 μ l reaction (with Hi-
Spec Additive)

H2O (ultraclean) 11.5 10.5
10x OptiBuffer 2 2
MgCl2 (50 mM) 1 1
F primer (10 pmol/μ l) 2 2
R primer (10 pmol/μ l) 2 2
5xHi Spec. Additive - 1
dNTP (each 10 mM) 0.4 0.4
BIO-X-ACT Short
Taq DNA polymerase
(4u/μ l)

0.12 0.12

DNA (μ l) 1 1

187



Table A.4: PCR programs adapted from Wahlberg & Wheat (2008) and Regier (2007).

Program Steps Temperature Time
Wahlberg &Wheat (2008) initial 95◦C 5 min

38 cycles 95◦C 30 sec
50-55◦C (see primer
pair)

40 sec

72◦C 1 min 30 sec
final 72◦C 10 min

cooling 8◦C ∞

Touchdown (Regier, 2007) 38 cycles 95◦C 30 sec
55◦C, -0,4◦C/cycle 30 sec
70◦C 1 min, +2 sec/cycle
Go to 1, 24x
95◦C 30 sec
45◦C 30 sec

70◦C 2 min, + 3
sec/cycle

Go to 5, 12x
final 70◦C 10 min

cooling 8◦ ∞
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character description

Forewing Rs veins

Forewing Rs4 vein

Forewing distal margin

Hindwing M1 - Sc+R connection

Hindwing cell

Hindwing M2-M3-CuA1-CuA2

Tympanic pockets

Venulae secundae

Uncus

Gnathos arms projection

Gnathos tip

Valva ventral process

Pseudosaccus

Juxta

Attachment of the aedeagus

Opening of the ductus ejaculatorius

Cornuti

Papillae anales dorsal connection

Papillae anales shape

Posterior apophyses

Setation on segment VIII

Intersegmental membrane VIII-IX structure

Colliculum

Ductus bursae

Signum on corpus bursae

Corpus bursae wall structure

Appendix bursae
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0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

0.000

1.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

0.000

1.000

0.000
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0.000

1.000

0.000
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0
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node number

36

1.000

0.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

0.996

0.004

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

0.000

1.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

0.000

1.000

0.000

1.000

37

1.000

0.000

0.000

1.000

0.000

1.000

0.000

0.965

0.035

1.000

0.000

1.000

0.000

0.998

0.002

0.997

0.003

1.000

0.000

1.000

0.000

0.938

0.062

1.000

0.000

1.000

0.000

1.000

0.000

0.971

0.029

1.000

0.000

0.876

0.124

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

0.012

0.987

0.001

1.000

0.000

1.000

0.000

38

1.000

0.000

0.000

1.000

0.000

1.000

0.000

0.060

0.940

1.000

0.000

1.000

0.000

0.979

0.021

1.000

0.000

1.000

0.000

1.000

0.000

0.994

0.006

1.000

0.000

1.000

0.000

0.999

0.001

0.018

0.982

1.000

0.000

0.888

0.112

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

0.048

0.947

0.005

1.000

0.000

1.000

0.000

39

0.997

0.003

0.000

1.000

0.000

1.000

0.000

0.036

0.964

1.000

0.000

1.000

0.000

0.990

0.010

0.999

0.001

1.000

0.000

1.000

0.000

0.998

0.002

1.000

0.000

1.000

0.000

0.979

0.021

0.009

0.991

1.000

0.000

0.856

0.144

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

0.028

0.962

0.010

1.000

0.000

1.000

0.000

4
0

0.956

0.044

0.000

1.000

0.000

1.000

0.000

0.035

0.965

0.999

0.001

0.999

0.001

0.990

0.010

0.999

0.001

1.000

0.000

1.000

0.000

0.998

0.002

1.000

0.000

1.000

0.000

0.978

0.022

0.001

0.999

1.000

0.000

0.812

0.188

0.997

0.003

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

0.012

0.984

0.005

1.000

0.000

1.000

0.000

4
1

0.953

0.047

0.000

1.000

0.000

1.000

0.000

0.052

0.948

0.983

0.017

0.993

0.007

0.982

0.018

0.998

0.002

1.000

0.000

1.000

0.000

0.998

0.002

1.000

0.000

1.000

0.000

0.992

0.008

0.000

1.000

1.000

0.000

0.798

0.202

0.999

0.001

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

0.007

0.990

0.003

1.000

0.000

1.000

0.000

4
2

1.000

0.000

0.000

1.000

0.000

1.000

0.000

0.031

0.969

1.000

0.000

1.000

0.000

0.019

0.981

0.999

0.001

1.000

0.000

1.000

0.000

0.996

0.004

1.000

0.000

0.951

0.049

1.000

0.000

0.000

1.000

0.951

0.049

0.898

0.102

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

0.994

0.006

0.000

1.000

0.000

1.000

0.000

43

1.000

0.000

0.000

1.000

0.000

1.000

0.000

0.019

0.981

1.000

0.000

1.000

0.000

0.012

0.988

0.989

0.011

1.000

0.000

1.000

0.000

0.989

0.011

1.000

0.000

0.024

0.976

0.996

0.004

0.000

1.000

0.930

0.070

0.878

0.122

0.999

0.001

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

0.999

0.001

0.000

1.000

0.000

1.000

0.000

44

1.000

0.000

0.000

1.000

0.000

1.000

0.000

0.022

0.978

1.000

0.000

1.000

0.000

0.010

0.990

0.099

0.901

1.000

0.000

1.000

0.000

0.999

0.001

1.000

0.000

0.000

1.000

0.023

0.977

0.000

1.000

0.951

0.049

0.845

0.155

0.999

0.001

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

0.999

0.001

0.000

1.000

0.000

1.000

0.000

45

1.000

0.000

0.000

1.000

0.000

1.000

0.000

0.005

0.995

1.000

0.000

1.000

0.000

0.004

0.996

0.057

0.943

1.000

0.000

1.000

0.000

0.999

0.001

1.000

0.000

0.000

1.000

0.008

0.992

0.000

1.000

0.988

0.012

0.876

0.124

0.985

0.015

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

0.999

0.001

0.000

1.000

0.000

1.000

0.000

4
6

1.000

0.000

0.000

1.000

0.000

1.000

0.000

0.905

0.095

1.000

0.000

1.000

0.000

0.096

0.904

0.037

0.963

1.000

0.000

1.000

0.000

0.998

0.002

1.000

0.000

0.000

1.000

0.004

0.996

0.000

1.000

0.905

0.095

0.511

0.489

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

0.982

0.015

0.004

1.000

0.000

1.000

0.000

4
7

1.000

0.000

0.000

1.000

0.000

1.000

0.000

0.993

0.007

1.000

0.000

1.000

0.000

0.877

0.123

0.011

0.989

1.000

0.000

1.000

0.000

0.998

0.002

0.999

0.001

0.000

1.000

0.001

0.999

0.000

1.000

0.065

0.935

0.228

0.772

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

0.994

0.004

0.002

1.000

0.000

1.000

0.000

4
8

1.000

0.000

0.000

0.996

0.004

0.998

0.002

0.011

0.989

1.000

0.000

0.999

0.001

0.013

0.987

0.996

0.004

1.000

0.000

0.994

0.006

0.754

0.246

0.988

0.012

0.013

0.987

0.999

0.001

0.000

1.000

0.074

0.926

0.834

0.166

0.991

0.009

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

0.998

0.001

0.001

1.000

0.000

1.000

0.000
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1.000

0.000

0.000

0.931

0.069

0.863

0.137

0.001

0.999

1.000

0.000

0.998

0.002

0.003

0.997

0.998

0.002

0.999

0.001

0.865

0.135

0.690

0.310

0.866

0.134

0.012

0.988

0.999

0.001

0.003

0.997

0.008

0.992

0.820

0.180

0.991

0.009

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

0.999

0.001

0.000

1.000

0.000

1.000
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50

1.000

0.000

0.000

0.924

0.076

0.858

0.142

0.000

1.000

1.000

0.000

0.978

0.022

0.001

0.999

0.997

0.003

1.000

0.000

0.852

0.148

0.600

0.400

0.841

0.159

0.025

0.975

0.998

0.002

0.008

0.992

0.002

0.998

0.769

0.231

0.979

0.021

0.997

0.003

1.000

0.000

1.000

0.000

0.999

0.001

1.000

0.000

1.000

0.000

0.998

0.001

0.001

1.000

0.000

1.000

0.000

51

1.000

0.000

0.000

0.995

0.005

0.017

0.983

0.000

1.000

1.000

0.000

0.064

0.936

0.001

0.999

0.994

0.006

1.000

0.000

0.043

0.957

0.574

0.426

0.089

0.911

0.959

0.041

0.935

0.065

0.000

1.000

0.000

1.000

0.876

0.124

0.998

0.002

0.010

0.990

1.000

0.000

1.000

0.000

0.959

0.041

1.000

0.000

1.000

0.000

0.995

0.002

0.002

1.000

0.000

1.000

0.000

52

1.000

0.000

0.000

1.000

0.000

1.000

0.000

0.039

0.961

0.993

0.007

1.000

0.000

0.012

0.988

1.000

0.000

1.000

0.000

1.000

0.000

0.997

0.003

1.000

0.000

0.967

0.033

1.000

0.000

0.000

1.000

0.949

0.051

0.902

0.098

0.999

0.001

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

0.998

0.002

0.000

1.000

0.000

1.000

0.000

53

1.000

0.000

0.000

1.000

0.000

1.000

0.000

0.010

0.990

0.998

0.002

0.986

0.014

0.031

0.969

0.998

0.002

1.000

0.000

1.000

0.000

0.997

0.003

1.000

0.000

0.992

0.008

1.000

0.000

0.000

1.000

0.256

0.744

0.829

0.171

0.982

0.018

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

0.988

0.007

0.006

1.000

0.000

1.000

0.000

5
4

1.000

0.000

0.000

0.993

0.007

1.000

0.000

0.999

0.001

0.001

0.999

1.000

0.000

0.001

0.999

1.000

0.000

1.000

0.000

1.000

0.000

0.988

0.012

1.000

0.000

0.962

0.038

1.000

0.000

0.000

1.000

1.000

0.000

0.917

0.083

0.999

0.001

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

0.000

1.000

0.000

1.000

0.000

5
5

1.000

0.000

0.000

0.998

0.002

1.000

0.000

1.000

0.000

0.000

1.000

1.000

0.000

0.001

0.999

0.996

0.004

1.000

0.000

1.000

0.000

0.998

0.002

1.000

0.000

0.999

0.001

1.000

0.000

0.000

1.000

1.000

0.000

0.881

0.119

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

0.000

1.000

0.000

1.000

0.000

5
6

1.000

0.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

0.000

1.000

1.000

0.000

0.001

0.999

0.996

0.004

1.000

0.000

1.000

0.000

0.997

0.003

0.999

0.001

1.000

0.000

1.000

0.000

0.000

1.000

1.000

0.000

0.928

0.072

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

0.996

0.002

0.002

1.000

0.000

1.000

0.000

57

1.000

0.000

0.000

0.998

0.002

1.000

0.000

1.000

0.000

0.000

1.000

1.000

0.000

0.006

0.994

0.982

0.018

1.000

0.000

1.000

0.000

0.999

0.001

1.000

0.000

1.000

0.000

1.000

0.000

0.000

1.000

1.000

0.000

0.833

0.167

1.000

0.000

1.000

0.000

0.997

0.003

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

0.999

0.001

0.000

1.000

0.000

1.000

0.000

58

1.000

0.000

0.000

0.989

0.011

1.000

0.000

1.000

0.000

0.000

1.000

1.000

0.000

0.004

0.996

0.986

0.014

1.000

0.000

1.000

0.000

0.998

0.002

1.000

0.000

1.000

0.000

0.992

0.008

0.000

1.000

1.000

0.000

0.801

0.199

1.000

0.000

1.000

0.000

0.999

0.001

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

0.979

0.018

0.003

1.000

0.000

1.000

0.000

59

1.000

0.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

0.000

1.000

1.000

0.000

0.915

0.085

0.160

0.840

0.951

0.049

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

0.000

1.000

1.000

0.000

0.569

0.431

1.000

0.000

1.000

0.000

0.098

0.902

0.967

0.033

0.926

0.074

1.000

0.000

1.000

0.000

0.999

0.001

0.000

1.000

0.000

1.000

0.000

6
0

1.000

0.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

0.000

1.000

1.000

0.000

0.998

0.002

0.011

0.989

0.008

0.992

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

0.000

1.000

1.000

0.000

0.474

0.526

1.000

0.000

1.000

0.000

0.042

0.958

0.007

0.993

0.020

0.980

1.000

0.000

1.000

0.000

0.997

0.003

0.000

1.000

0.000

1.000

0.000

6
1

1.000

0.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

0.000

1.000

1.000

0.000

1.000

0.000

0.003

0.997

0.000

1.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

0.000

1.000

1.000

0.000

0.447

0.553

1.000

0.000

1.000

0.000

0.041

0.959

0.002

0.998

0.008

0.992

1.000

0.000

1.000

0.000

0.998

0.001

0.000

1.000

0.000

1.000

0.000

6
2

1.000

0.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

0.000

1.000

1.000

0.000

1.000

0.000

0.001

0.999

0.000

1.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

0.000

1.000

1.000

0.000

0.283

0.717

1.000

0.000

1.000

0.000

0.004

0.996

0.001

0.999

0.008

0.992

1.000

0.000

1.000

0.000

0.998

0.001

0.001

1.000

0.000

1.000

0.000

63

1.000

0.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

0.000

1.000

0.999

0.001

1.000

0.000

0.001

0.999

0.000

1.000

1.000

0.000

0.999

0.001

1.000

0.000

1.000

0.000

1.000

0.000

0.000

1.000

1.000

0.000

0.175

0.825

1.000

0.000

1.000

0.000

0.001

0.999

0.005

0.995

0.015

0.985

1.000

0.000

1.000

0.000

0.999

0.001

0.000

1.000

0.000

1.000

0.000
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26

27

st
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1

2
0

1
0

1
0

1
0

1
0

1
0

1
0

1
0

1
0

1
0

1
0

1
0

1
0

1
0

1
0

1
0

1
0

1
0

1
0

1
0

1
0

1
0

1
0

1
0

1
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0
1

0
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node number

64

1.000

0.000

0.000

0.479

0.521

1.000

0.000

1.000

0.000

0.000

1.000

1.000

0.000

0.000

1.000

1.000

0.000

1.000

0.000

1.000

0.000

0.664

0.336

1.000

0.000

0.020

0.980

1.000

0.000

0.000

1.000

1.000

0.000

0.936

0.064

0.946

0.054

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

0.999

0.001

0.001

1.000

0.000

1.000

0.000

65

1.000

0.000

0.000

0.454

0.546

1.000

0.000

1.000

0.000

0.000

1.000

1.000

0.000

0.000

1.000

0.998

0.002

1.000

0.000

1.000

0.000

0.644

0.356

1.000

0.000

0.006

0.994

1.000

0.000

0.000

1.000

1.000

0.000

0.943

0.057

0.947

0.053

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

0.998

0.002

0.001

1.000

0.000

1.000

0.000

66

1.000

0.000

0.000

0.079

0.921

1.000

0.000

1.000

0.000

0.001

0.999

1.000

0.000

0.000

1.000

0.986

0.014

1.000

0.000

1.000

0.000

0.663

0.337

1.000

0.000

0.005

0.995

0.999

0.001

0.000

1.000

1.000

0.000

0.940

0.060

0.989

0.011

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

0.989

0.009

0.002

1.000

0.000

1.000

0.000

67

1.000

0.000

0.000

0.028

0.972

1.000

0.000

1.000

0.000

0.017

0.983

1.000

0.000

0.000

1.000

0.918

0.082

1.000

0.000

1.000

0.000

0.629

0.371

0.999

0.001

0.011

0.989

0.988

0.012

0.000

1.000

1.000

0.000

0.922

0.078

0.995

0.005

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

0.928

0.062

0.010

1.000

0.000

1.000

0.000

6
8

0.999

0.001

0.000

0.253

0.747

1.000

0.000

1.000

0.000

0.000

1.000

0.997

0.003

0.000

1.000

0.999

0.001

1.000

0.000

1.000

0.000

0.144

0.856

1.000

0.000

0.001

0.999

1.000

0.000

0.000

1.000

1.000

0.000

0.916

0.084

0.111

0.889

1.000

0.000

0.998

0.002

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

0.934

0.017

0.049

1.000

0.000

1.000

0.000

6
9

1.000

0.000

0.000

0.006

0.994

1.000

0.000

1.000

0.000

0.000

1.000

1.000

0.000

0.000

1.000

1.000

0.000

1.000

0.000

1.000

0.000

0.009

0.991

1.000

0.000

0.000

1.000

1.000

0.000

0.000

1.000

1.000

0.000

0.950

0.050

0.003

0.997

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

0.914

0.034

0.052

1.000

0.000

1.000

0.000

7
0

1.000

0.000

0.000

0.000

1.000

1.000

0.000

1.000

0.000

0.000

1.000

1.000

0.000

0.000

1.000

1.000

0.000

1.000

0.000

1.000

0.000

0.001

0.999

1.000

0.000

0.000

1.000

1.000

0.000

0.000

1.000

1.000

0.000

0.766

0.234

0.000

1.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

0.030

0.966

0.004

1.000

0.000

1.000

0.000

71

1.000

0.000

0.000

0.000

1.000

1.000

0.000

1.000

0.000

0.000

1.000

1.000

0.000

0.000

1.000

1.000

0.000

1.000

0.000

1.000

0.000

0.000

1.000

1.000

0.000

0.000

1.000

1.000

0.000

0.000

1.000

1.000

0.000

0.986

0.014

0.000

1.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

0.930

0.012

0.059

1.000

0.000

1.000

0.000

72

1.000

0.000

0.000

0.000

1.000

1.000

0.000

1.000

0.000

0.000

1.000

1.000

0.000

0.000

1.000

0.999

0.001

1.000

0.000

1.000

0.000

0.000

1.000

1.000

0.000

0.000

1.000

1.000

0.000

0.000

1.000

1.000

0.000

0.981

0.019

0.000

1.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

0.174

0.002

0.824

1.000

0.000

1.000

0.000

73

1.000

0.000

0.000

0.000

1.000

1.000

0.000

1.000

0.000

0.000

1.000

1.000

0.000

0.000

1.000

0.998

0.002

1.000

0.000

1.000

0.000

0.000

1.000

1.000

0.000

0.000

1.000

1.000

0.000

0.000

1.000

1.000

0.000

0.975

0.025

0.000

1.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

0.162

0.001

0.836

1.000

0.000

1.000

0.000

7
4

1.000

0.000

0.000

0.000

1.000

1.000

0.000

1.000

0.000

0.000

1.000

1.000

0.000

0.000

1.000

0.987

0.013

1.000

0.000

1.000

0.000

0.000

1.000

1.000

0.000

0.000

1.000

1.000

0.000

0.000

1.000

1.000

0.000

0.951

0.049

0.000

1.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

0.030

0.001

0.970

1.000

0.000

1.000

0.000

7
5

1.000

0.000

0.000

0.000

1.000

1.000

0.000

1.000

0.000

0.000

1.000

1.000

0.000

0.000

1.000

0.996

0.004

1.000

0.000

1.000

0.000

0.000

1.000

1.000

0.000

0.000

1.000

1.000

0.000

0.000

1.000

1.000

0.000

0.987

0.013

0.000

1.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

0.001

0.001

0.998

1.000

0.000

1.000

0.000

7
6

1.000

0.000

0.000

0.000

1.000

1.000

0.000

1.000

0.000

0.000

1.000

1.000

0.000

0.000

1.000

0.999

0.001

1.000

0.000

0.988

0.012

0.004

0.996

1.000

0.000

0.000

1.000

0.999

0.001

0.000

1.000

1.000

0.000

0.986

0.014

0.000

1.000

1.000

0.000

0.999

0.001

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

0.003

0.022

0.975

1.000

0.000

1.000

0.000

77

0.996

0.003

0.002

0.000

1.000

1.000

0.000

1.000

0.000

0.000

1.000

1.000

0.000

0.000

1.000

0.993

0.007

1.000

0.000

1.000

0.000

0.000

1.000

0.999

0.001

0.000

1.000

1.000

0.000

0.000

1.000

1.000

0.000

0.985

0.015

0.000

1.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

0.000

0.000

1.000

1.000

0.000

1.000

0.000
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1
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1
0

1
0

1
0

1
0

1
0

1
0

1
0

1
0

1
0

1
0

1
0

1
0

1
0

1
0

1
0

1
0

1
0

1
0

1
0

1
0

1
0

1
0

1
0

1
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0
1

0
1

node number

78

0.994

0.002

0.004

0.000

1.000

1.000

0.000

1.000

0.000

0.000

1.000

0.996

0.004

0.000

1.000

0.998

0.002

1.000

0.000

1.000

0.000

0.001

0.999

0.981

0.019

0.000

1.000

1.000

0.000

0.000

1.000

1.000

0.000

0.959

0.041

0.000

1.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

0.000

0.000

1.000

1.000

0.000

1.000

0.000

79

1.000

0.000

0.000

0.000

1.000

1.000

0.000

1.000

0.000

0.000

1.000

1.000

0.000

0.000

1.000

0.999

0.001

1.000

0.000

1.000

0.000

0.000

1.000

1.000

0.000

0.000

1.000

1.000

0.000

0.000

1.000

1.000

0.000

0.991

0.009

0.000

1.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

0.999

0.000

0.001

1.000

0.000

1.000

0.000

80

1.000

0.000

0.000

0.000

1.000

1.000

0.000

1.000

0.000

0.000

1.000

1.000

0.000

0.000

1.000

0.999

0.001

1.000

0.000

1.000

0.000

0.000

1.000

1.000

0.000

0.000

1.000

1.000

0.000

0.000

1.000

1.000

0.000

0.985

0.015

0.000

1.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

0.999

0.000

0.001

1.000

0.000

1.000

0.000

81

1.000

0.000

0.000

0.000

1.000

1.000

0.000

1.000

0.000

0.000

1.000

1.000

0.000

0.000

1.000

0.962

0.038

1.000

0.000

1.000

0.000

0.001

0.999

1.000

0.000

0.000

1.000

0.999

0.001

0.000

1.000

1.000

0.000

0.900

0.100

0.000

1.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

0.991

0.004

0.005

1.000

0.000

1.000

0.000

8
2

1.000

0.000

0.000

0.000

1.000

1.000

0.000

1.000

0.000

0.000

1.000

1.000

0.000

0.000

1.000

0.998

0.002

1.000

0.000

1.000

0.000

0.001

0.999

1.000

0.000

0.000

1.000

1.000

0.000

0.000

1.000

1.000

0.000

0.980

0.020

0.000

1.000

1.000

0.000

0.995

0.005

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

0.999

0.000

0.001

1.000

0.000

1.000

0.000

8
3

0.996

0.004

0.000

0.001

0.999

1.000

0.000

1.000

0.000

0.000

1.000

1.000

0.000

0.000

1.000

0.946

0.054

1.000

0.000

1.000

0.000

0.048

0.952

1.000

0.000

0.000

1.000

1.000

0.000

0.000

1.000

1.000

0.000

0.967

0.033

0.000

1.000

1.000

0.000

0.977

0.023

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

0.998

0.001

0.001

1.000

0.000

1.000

0.000

8
4

1.000

0.000

0.000

0.000

1.000

1.000

0.000

1.000

0.000

0.000

1.000

1.000

0.000

0.000

1.000

0.999

0.001

1.000

0.000

1.000

0.000

0.000

1.000

0.971

0.029

0.000

1.000

0.999

0.001

0.000

1.000

1.000

0.000

0.880

0.120

0.000

1.000

1.000

0.000

0.979

0.021

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

0.964

0.002

0.034

1.000

0.000

1.000

0.000

85

1.000

0.000

0.000

0.000

1.000

1.000

0.000

1.000

0.000

0.000

1.000

1.000

0.000

0.001

0.999

0.992

0.008

1.000

0.000

1.000

0.000

0.000

1.000

1.000

0.000

0.000

1.000

1.000

0.000

0.000

1.000

1.000

0.000

0.990

0.010

0.000

1.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

1.000

0.000

0.000

1.000

0.000

1.000

0.000

86

1.000

0.000

0.000

0.000

1.000

1.000

0.000

1.000

0.000

0.000

1.000

1.000

0.000

0.000

1.000

0.642

0.358

1.000

0.000

1.000

0.000

0.000

1.000

0.998

0.002

0.000

1.000

1.000

0.000
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b
a
se

Z
o
va
x

va
n
go
gh
i

P
o
a
ce
a
e:

O
ry
zo
id
ea
e

O
ry
za

H
O
S
T
S
d
a
ta
b
a
se

Crambinae: Argyriini

A
rg
yr
ia

d
iv
is
el
la

F
a
b
a
ce
a
e

G
ly
ci
n
e
m
a
x

H
O
S
T
S
d
a
ta
b
a
se

A
rg
yr
ia

la
ct
ee
ll
a

F
a
b
a
ce
a
e

P
h
a
se
o
lu
s
lu
n
a
tu
s

eg
g
s

la
id

w
it
h

a
n
a
d
h
es
iv
e

0
.6
×0

.4
m
m
;

m
u
ch

sm
a
ll
er

th
a
n

th
o
se

of
U
.
n
iv
a
li
s;

ti
n
y
re
ti
cu

la
-

ti
o
n
s
on

th
e

ch
o
ri
o
n

P
et
er
so
n
,

1
9
6
3
;

H
O
S
T
S
d
a
ta
b
a
se

C
o
n
ti
n
u
ed

o
n
n
ex
t
pa
ge
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G
en
u
s

S
p
ec
ie
s

H
o
st

p
la
n
t

ta
x
o
n
o
m
i-

ca
l
ra
n
k

H
o
st

p
la
n
t
sp
ec
ie
s

E
g
g
-l
ay
in
g

b
eh

av
io
u
r

E
g
g
ty
p
e

L
a
rv
al

li
fe

h
a
b
it
s

R
ef
er
en
ce
s

Argyriini

U
ro
la

n
iv
a
li
s

O
le
a
ce
a
e

O
le
a
ce
a
e,

”
g
ra
ss
es
”

o
cc
u
r

si
n
g
ly

or
in

sm
a
ll
cl
u
st
er
s

(P
et
er
so
n
,
1
9
6
3
)

1
.1
×0

.7
m
m
;

li
g
h
t

ye
ll
ow

is
h
-

g
re
en

,
u
p
p
er

su
rf
a
ce

w
it
h

sm
a
ll

w
ri
n
-

k
le
s
a
n
d
ti
n
y

re
ti
cu

la
ti
o
n
s

Crambinae: Calamotrophini

C
a
la
m
o
tr
o
p
h
a

a
tk
in
so
n
i

C
y
p
er
a
ce
a
e

A
ct
in
o
sc
ir
p
u
s
gr
o
ss
u
s

H
O
S
T
S
d
a
ta
b
a
se

C
a
la
m
o
tr
o
p
h
a

co
rt
ic
el
lu
s

C
y
p
er
a
ce
a
e

R
h
yn

ch
o
sp
o
ra

co
ry
m
bo
sa

H
O
S
T
S
d
a
ta
b
a
se

C
a
la
m
o
tr
o
p
h
a

le
p
to
gr
a
m
m
el
la

C
y
p
er
a
ce
a
e,

P
o
a
ce
a
e:

P
an

ic
o
id
ea
e

C
yp
er
u
s

ro
tu
n
d
u
s,

P
a
s-

pa
lu
m

d
il
a
ta
tu
m

H
O
S
T
S
d
a
ta
b
a
se

C
a
la
m
o
tr
o
p
h
a

lu
pa
tu
s

T
y
p
h
a
ce
a
e

T
yp
h
a
la
ti
fo
li
a
,
”
g
ra
ss
es
”

H
O
S
T
S
d
a
ta
b
a
se

C
a
la
m
o
tr
o
p
h
a

pa
lu
d
el
la

T
y
p
h
a
ce
a
e,

P
o
a
ce
a
e:

A
ru
n
d
in
o
id
ea
e

P
h
ra
gm

it
es

sp
p
.,

T
yp
h
a

la
ti
fo
li
a

eg
g
s

la
id

w
it
h

a
n

a
d
h
es
iv
e

in
cl
u
st
er

of
3-
5

eg
g

fl
a
t-

te
n
ed

,
la
id

in
cl
u
st
er

of
3
-5

le
a
f
a
n
d
st
em

s
b
o
re
r

S
la
m
ka
,

2
0
0
8
;

H
O
S
T
S

d
a
ta
b
a
se

w
w
w
.l
ep

if
o
ru
m
.d
e

C
a
la
m
o
tr
o
p
h
a

sh
ic
h
it
o

C
y
p
er
a
ce
a
e

C
yp
er
u
s
se
ro
ti
n
u
s

H
O
S
T
S
d
a
ta
b
a
se

C
a
la
m
o
tr
o
p
h
a

u
n
ic
o
lo
re
ll
u
s

C
u
p
re
ss
a
ce
a
e,

C
y
p
er
-

a
ce
a
e

C
u
p
re
ss
u
s,

C
yp
er
u
s
te
ge
-

tu
m

H
O
S
T
S
d
a
ta
b
a
se

Crambinae: Chiloini

C
h
il
o

a
ga
m
em

n
o
n

P
o
a
ce
a
e:

O
ry
zo
id
ea
e,

P
a
n
ic
o
id
ea
e,

P
o
o
id
ea
e

O
ry
za

sa
ti
va
,
E
ch
in
oc
h
lo
a

cr
u
s-
ga
ll
i,

S
a
cc
h
a
ru
m

o
f-

fi
ci
n
a
ru
m
,
Z
ea

m
a
ys
,
E
ly
-

m
u
s
re
pe
n
s

H
O
S
T
S
d
a
ta
b
a
se

C
h
il
o

a
u
ri
ci
li
a

P
o
a
ce
a
e:

C
h
lo
ri
-

d
o
id
ea
e,

O
ry
zo
id
ea
e,

P
an

ic
o
id
ea
e

E
le
u
si
n
e
co
ra
ca
n
a
,
O
ry
za

sa
ti
va
,

A
n
d
ro
po
go
n

so
rg
h
u
m
,

C
ym

bo
po
go
n

ci
tr
a
tu
s,

H
em

a
rt
h
ri
a

a
l-

ti
ss
im

a
,
M
is
ca
n
th
u
s
fu
sc
a
,

S
a
cc
h
a
ru
m

o
ffi
ci
n
a
ru
m
,

S
o
rg
h
u
m
,
Z
ea

m
a
ys

st
em

b
or
er

K
h
a
n
,

1
9
9
1
;

H
O
S
T
S
d
a
ta
b
a
se

C
h
il
o

ba
n
d
ra

P
o
a
ce
a
e:

P
a
n
ic
o
id
ea
e

S
a
cc
h
a
ru
m

o
ffi
ci
n
a
ru
m

H
O
S
T
S
d
a
ta
b
a
se

C
h
il
o

ba
tr
i

P
o
a
ce
a
e:

P
a
n
ic
o
id
ea
e

S
a
cc
h
a
ru
m

o
ffi
ci
n
a
ru
m

H
O
S
T
S
d
a
ta
b
a
se

C
h
il
o

ch
ri
st
o
p
h
i

P
o
a
ce
a
e:

A
ru
n
d
i-

n
o
id
ea
e,

O
ry
zo
id
ea
e

P
h
ra
gm

it
es

co
m
m
u
n
is
,

O
ry
za

sa
ti
va

H
O
S
T
S
d
a
ta
b
a
se

C
o
n
ti
n
u
ed

o
n
n
ex
t
pa
ge
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G
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u
s

S
p
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H
o
st

p
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n
t
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x
o
n
o
m
i-

ca
l
ra
n
k

H
o
st

p
la
n
t
sp
ec
ie
s

E
g
g
-l
ay
in
g

b
eh

av
io
u
r

E
g
g
ty
p
e

L
a
rv
al

li
fe

h
a
b
it
s

R
ef
er
en
ce
s

Crambinae: Chiloini

C
h
il
o

d
iff
u
si
li
n
ea

P
o
a
ce
a
e:

O
ry
zo
id
ea
e,

P
an

ic
o
id
ea
e

O
ry
za

sa
ti
va
,
P
en

n
is
et
u
m

gl
a
u
cu
m
,
S
o
rg
h
u
m

st
em

b
or
er

K
h
a
n
,

1
9
9
1
;

H
O
S
T
S
d
a
ta
b
a
se

C
h
il
o

er
ia
n
th
a
li
s

P
o
a
ce
a
e:

P
a
n
ic
o
id
ea
e

S
a
cc
h
a
ru
m

sp
.

H
O
S
T
S
d
a
ta
b
a
se

C
h
il
o

ik
ri

P
o
a
ce
a
e:

P
a
n
ic
o
id
ea
e

A
n
d
ro
po
go
n
,

M
is
ca
n
th
u
s

fu
sc
a
,

S
a
cc
h
a
ru
m

o
ffi
ci
-

n
a
ru
m

H
O
S
T
S
d
a
ta
b
a
se

C
h
il
o

in
fu
sc
a
te
ll
u
s

P
o
a
ce
a
e:

O
ry
zo
id
ea
e,

P
an

ic
o
id
ea
e

O
ry
za

sa
ti
va
,
S
a
cc
h
a
ru
m

o
ffi
ci
n
a
ru
m
,
S
o
rg
h
u
m

H
O
S
T
S
d
a
ta
b
a
se

C
h
il
o

ka
n
ra

P
o
a
ce
a
e:

P
a
n
ic
o
id
ea
e

M
is
ca
n
th
u
s
fu
sc
a
,
S
a
cc
h
a
-

ru
m

o
ffi
ci
n
a
ru
m

H
O
S
T
S
d
a
ta
b
a
se

C
h
il
o

lu
te
el
lu
s

P
o
a
ce
a
e:

A
ru
n
d
i-

n
o
id
ea
e,

P
a
n
ic
o
id
ea
e

P
h
ra
gm

it
es

a
u
st
ra
li
s,

Z
ea

m
a
ys

H
O
S
T
S
d
a
ta
b
a
se

C
h
il
o

n
ip
o
n
el
la

P
o
a
ce
a
e:

A
ru
n
d
i-

n
o
id
ea
e

P
h
ra
gm

it
es

a
u
st
ra
li
s

H
O
S
T
S
d
a
ta
b
a
se

C
h
il
o

o
ri
ch
a
lc
oc
il
ie
ll
a
P
o
a
ce
a
e:

C
h
lo
ri
-

d
o
id
ea
e,

P
a
n
ic
o
id
ea
e

E
le
u
si
n
e

co
ra
ca
n
a
,

P
a
n
-

ic
u
m
,

P
en

n
is
et
u
m
,

S
a
cc
h
a
ru
m

o
ffi
ci
n
a
ru
m
,

S
o
rg
h
u
m
,
Z
ea

m
a
ys

H
O
S
T
S
d
a
ta
b
a
se

C
h
il
o

pa
n
ic
i

P
o
a
ce
a
e:

P
a
n
ic
o
id
ea
e

P
a
n
ic
u
m

m
il
ia
ce
u
m

H
O
S
T
S
d
a
ta
b
a
se

C
h
il
o

pa
rt
el
lu
s

P
o
a
ce
a
e:

O
ry
zo
id
ea
e,

P
an

ic
o
id
ea
e

O
ry
za

sa
ti
va
,

C
o
ix

la
cr
ym

a
-j
o
bi
,

P
a
n
ic
u
m

m
a
xi
m
u
m
,

P
en

n
is
et
u
m

a
m
er
ic
a
n
u
m
,

S
a
cc
h
a
ru
m

o
ffi
ci
n
a
ru
m
,

S
o
rg
h
u
m

bi
co
lo
r,

Z
ea

m
a
ys

st
em

b
or
er

K
h
a
n
,

1
9
9
1
;

H
O
S
T
S
d
a
ta
b
a
se

C
h
il
o

p
h
ra
gm

it
el
lu
s

P
o
a
ce
a
e:

A
ru
n
d
i-

n
o
id
ea
e,

O
ry
zo
id
ea
e,

P
o
o
id
ea
e

P
h
ra
gm

it
es

a
u
st
ra
li
s,

O
ry
za

sa
ti
va
,

G
ly
ce
ri
a

m
a
xi
m
a

eg
g
s

la
id

in
g
ro
u
p

w
it
h

an
a
d
h
es
iv
e

fl
a
tt
en

ed
,

m
a
rk
ed

w
it
h

a
fa
in
t

te
x
tu
re

st
em

b
or
er

F
le
tc
h
er
,

1
9
1
4
,

P
et
er
so
n
,

1
9
6
3
;

S
la
m
ka
,

2
0
0
8
;

H
O
S
T
S
d
a
ta
b
a
se

C
h
il
o

p
le
ja
d
el
lu
s

P
o
a
ce
a
e:

O
ry
zo
id
ea
e

O
ry
za

sa
ti
va

la
id

in
cl
u
st
er
s

of
10

-1
2

S
ca
le
-l
ik
e,

ov
er
la
p

li
ke

sh
in
g
le
s,

ye
ll
ow

P
et
er
so
n
,

1
9
6
3
;

H
O
S
T
S
d
a
ta
b
a
se

C
o
n
ti
n
u
ed

o
n
n
ex
t
pa
ge
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l
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n
k

H
o
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p
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n
t
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E
g
g
-l
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in
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b
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io
u
r

E
g
g
ty
p
e

L
a
rv
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fe

h
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b
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R
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Crambinae: Chiloini

C
h
il
o

po
ly
ch
ry
sa

C
y
p
er
a
ce
a
e,

P
o
a
ce
a
e:

O
ry
zo
id
ea
e,

P
a
n
i-

co
id
ea
e,

P
o
o
id
ea
e

C
yp
er
u
s

d
ig
it
a
tu
s,

S
ci
r-

p
u
s,

O
ry
za

sa
ti
va
,

O
.,

E
ch
in
oc
h
lo
a

cr
u
s-
ga
ll
i,

H
ym

en
a
ch
n
e

a
m
p
le
xi
-

ca
u
li
s,

S
a
cc
h
a
ru
m

o
f-

fi
ci
n
a
ru
m
,

S
a
cc
io
le
p
is

m
yo
su
ro
id
es
,

Z
ea

m
a
ys
,

T
ri
ti
cu
m

H
O
S
T
S
d
a
ta
b
a
se

C
h
il
o

p
u
lv
er
o
se
ll
u
s

P
o
a
ce
a
e:

P
a
n
ic
o
id
ea
e

Z
ea

m
a
ys

S
la
m
ka
,
2
0
0
8

C
h
il
o

sa
cc
h
a
ri
p
h
a
gu
s
P
o
a
ce
a
e:

O
ry
zo
id
ea
e,

P
an

ic
o
id
ea
e

O
ry
za

sa
ti
va
,
A
n
d
ro
po
go
n

so
rg
h
u
m
,

M
is
ca
n
th
u
s

fu
sc
a
,
P
en

n
is
et
u
m

a
m
er
-

ic
a
n
u
m
,

S
a
cc
h
a
ru
m

o
ffi
ci
n
a
ru
m
,

S
o
rg
h
u
m

bi
co
lo
r,

Z
ea

m
a
ys

H
O
S
T
S
d
a
ta
b
a
se

C
h
il
o

su
p
p
re
ss
a
li
s

B
ra
ss
ic
a
ce
a
e,

S
o
la
n
a
ce
a
e,

P
o
a
ce
a
e:

C
h
lo
ri
d
o
id
ea
e,

O
ry
-

zo
id
ea
e,

P
a
n
ic
o
id
ea
e,

P
o
o
id
ea
e

A
n
d
ro
po
go
n

so
rg
h
u
m
,

B
ra
ss
ic
a

o
le
ra
ce
a
,

B
ra
ch
ia
ri
a

m
u
ti
ca
,

C
o
ix

la
cr
ym

a
-j
o
bi
,
C
ym

bo
po
go
n

ci
tr
a
tu
s,

E
ch
in
oc
h
lo
a

cr
u
sg
a
ll
i,

E
le
u
si
n
e

co
ra
-

ca
n
a
,
L
yc
o
pe
rs
ic
o
n

es
cu
-

le
n
tu
m
,
M
is
ca
n
th
u
s
fu
sc
a
,

O
ry
za

sa
ti
va
,

P
a
n
ic
u
m

m
il
ia
ce
u
m
,

P
a
sp
a
lu
m

co
n
ju
ga
tu
m
,

P
en

n
is
et
u
m

a
m
er
ic
a
n
u
m
,

S
a
cc
h
a
ru
m

o
ffi
ci
n
a
ru
m
,
S
o
la
n
u
m

m
e-

lo
n
ge
n
a
,
S
o
rg
h
u
m

bi
co
lo
r,

T
ri
ti
cu
m
,
Z
ea

m
a
ys

eg
g
s
la
id

in
cl
u
s-

te
rs

o
f
u
p
to

7
0
,

fi
sh

sc
a
le
-l
ik
e

0
.9
×0

.5
m
m
,

tu
rn
in
g
fr
o
m

tr
a
n
sl
u
ce
n
t-

w
h
it
e

to
d
a
rk
-y
el
lo
w

la
rv
a
e
cl
u
st
er

b
et
w
ee
n

th
e

le
a
f

sh
ea
th
s

a
n
d

st
em

s,
th
en

b
u
rr
ow

in
to

th
e
st
em

s
to

fe
ed

S
la
m
ka
,

2
0
0
8
;

H
O
S
T
S
d
a
ta
b
a
se

C
h
il
o

te
rr
en

el
lu
s

P
o
a
ce
a
e:

P
a
n
ic
o
id
ea
e

S
a
cc
h
a
ru
m

o
ffi
ci
n
a
ru
m

H
O
S
T
S
d
a
ta
b
a
se

C
h
il
o

tu
m
id
ic
o
st
a
li
s

P
o
a
ce
a
e:

P
a
n
ic
o
id
ea
e

S
a
cc
h
a
ru
m

o
ffi
ci
n
a
ru
m

H
O
S
T
S
d
a
ta
b
a
se

C
h
il
o

za
cc
o
n
iu
s

P
o
a
ce
a
e:

O
ry
zo
id
ea
e,

P
an

ic
o
id
ea
e

O
ry
za

sa
ti
va
,
E
ch
in
oc
h
lo
a

p
yr
a
m
id
a
li
s,

P
a
n
ic
u
m

m
a
xi
m
u
m
,

R
o
tt
bo
el
li
a

ex
a
lt
a
ta
,
Z
ea

m
a
ys

H
O
S
T
S
d
a
ta
b
a
se

C
h
il
o

zi
za
n
ia
e

P
o
a
ce
a
e:

O
ry
zo
id
ea
e

Z
iz
a
n
ia

la
ti
fo
li
a

H
O
S
T
S
d
a
ta
b
a
se

C
o
n
ti
n
u
ed

o
n
n
ex
t
pa
ge
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o
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E
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Crambinae: Chiloini
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a
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a
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a
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a
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a
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0
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a
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b
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p
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P
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a
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b
a
se

D
ia
tr
a
ea

po
st
li
n
ee
ll
a

P
o
a
ce
a
e:

P
a
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a
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a
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n
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-
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p
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-
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P
a
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P
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p
h
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s
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-
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p
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b
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a
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a
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b
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C
ra
m
bu
s

pa
sc
u
el
lu
s

F
a
b
a
ce
a
e,

P
o
a
ce
a
e:

P
o
o
id
ea
e

“
m
o
ss
”
,
P
oa
,
T
ri
fo
li
u
m

eg
g

n
o
n
-

a
d
h
es
iv
e,

d
ep

os
it
ed

si
n
g
ly

ov
a
l
w
it
h
o
b
-

v
io
u
s
ri
d
g
es

li
ve
s
in

si
lk
en

g
a
ll
er
ie
s

n
ea
r

th
e

g
ro
u
n
d

o
n

va
ri
o
u
s
g
ra
ss
es

M
a
th
en
y

C
ra
m
bu
s

pe
rl
el
lu
s

P
o
a
ce
a
e:

P
o
o
id
ea
e

D
es
ch
a
m
p
si
a
,
F
es
tu
ca

h
ib
er
n
a
te
s
in

a
tu
b
u
la
r

si
lk
en

g
a
ll
er
y
o
n
b
a
se
s

o
f
st
em

s
o
f
g
ra
ss
es

S
la
m
ka
,

2
0
0
8
;

H
O
S
T
S
d
a
ta
b
a
se

C
ra
m
bu
s

p
ra
ef
ec
te
ll
u
s

P
o
a
ce
a
e:

P
a
n
ic
o
id
ea
e

Z
ea

m
a
ys
,
D
et
ri
to
p
h
a
go
u
s

eg
g

n
o
n
-

a
d
h
es
iv
e,

d
ep

os
it
ed

si
n
g
ly

M
a
th
en
y

C
ra
m
bu
s

p
ra
te
ll
u
s

P
o
a
ce
a
e:

P
o
o
id
ea
e

D
es
ch
a
m
p
si
a

li
ve
s

o
n

sh
o
ot
s

o
f

g
ra
ss
es
,

in
h
a
b
it
s

sp
u
n
-t
u
b
e

co
ve
re
d

b
y

d
et
ri
tu
s
fr
a
g
m
en
ts

S
la
m
ka
,
2
0
0
8

C
ra
m
bu
s

qu
in
qu
a
re
a
tu
s

eg
g
s

d
ep

o
si
te
d

si
n
g
ly
,

co
m
-

p
le
te
ly

n
o
n
-

a
d
h
es
iv
e

ro
u
n
d
ed

,
w
it
h

2
0

lo
n
g
it
u
d
i-

n
a
l

ri
d
g
es
,

cr
ea
m

to
re
d

P
et
er
so
n
,
1
9
6
3

C
ra
m
bu
s

sa
tr
a
pe
ll
u
s

eg
g
s

d
ep

o
si
te
d

si
n
g
ly
,

co
m
-

p
le
te
ly

n
o
n
-

a
d
h
es
iv
e

0
.4
×0

.3
2
m
m
,

ro
u
n
d
ed

,
w
it
h

1
6

lo
n
g
it
u
d
in
a
l

ri
d
g
es
,
w
h
it
e

to
re
d

P
et
er
so
n
,
1
9
6
3

C
ra
m
bu
s

si
lv
el
lu
s

C
y
p
er
a
ce
a
e

C
a
re
x

li
ve
s

in
a

w
eb

o
n

se
d
g
es
.

P
u
p
a
te
s
in

a
co
co
o
n
in

th
e
so
il

S
la
m
ka
,
2
0
0
8

C
ra
m
bu
s

sp
er
ry
el
lu
s

H
O
S
T
S
d
a
ta
b
a
se

C
ra
m
bu
s

tr
is
te
ll
u
s

B
ry
o
p
h
y
ta

“
m
o
ss
”

m
a
ke
s

si
lk
en

g
a
ll
er
ie
s

o
n
m
o
ss
es

S
h
ie
ld
,

1
8
5
6
;

G
li
m
e,

2
0
1
7

C
ra
m
bu
s

tu
ti
ll
u
s

H
O
S
T
S
d
a
ta
b
a
se

C
ra
m
bu
s

u
li
gi
n
o
se
ll
u
s

S
la
m
ka
,
2
0
0
8

C
u
ll
a
d
ia

cu
n
ei
fe
re
ll
u
s

P
o
a
ce
a
e:

C
h
lo
ri
-

d
o
id
ea
e

C
yn

od
o
n

H
O
S
T
S
d
a
ta
b
a
se

C
u
ll
a
d
ia

si
gn

if
er

P
o
a
ce
a
e:

C
h
lo
ri
-

d
o
id
ea
e

E
le
u
si
n
e
in
d
ic
a

H
O
S
T
S
d
a
ta
b
a
se

E
u
ch
ro
m
iu
s

be
ll
u
s

-
d
ry

le
a
ve
s

d
et
ri
to
p
h
a
g
eo
u
s

S
la
m
ka
,
2
0
0
8

C
o
n
ti
n
u
ed

o
n
n
ex
t
pa
ge
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E
u
ch
ro
m
iu
s

go
zm

a
n
yi

A
m
a
ra
n
th
a
ce
a
e

S
a
li
co
rn
ia

d
et
ri
to
p
h
a
g
eo
u
s

S
la
m
ka
,
2
0
0
8

E
u
ch
ro
m
iu
s

oc
el
le
u
s

-
d
ry

le
a
ve
s

d
et
ri
to
p
h
a
g
eo
u
s

L
h
o
m
m
e,

1
9
3
5
-

1
9
4
6
;

C
a
p
p
s,

1
9
6
6
;

S
ch
o
u
te
n
,

1
9
9
2
;

S
la
m
ka
,

20
08

E
u
ch
ro
m
iu
s

ra
m
bu
ri
el
lu
s

-
d
ry

le
a
ve
s

d
et
ri
to
p
h
a
g
eo
u
s

S
la
m
ka
,
2
0
0
8

F
er
n
a
n
d
oc
ra
m
bu
s
h
a
rp
ip
te
ru
s

H
O
S
T
S
d
a
ta
b
a
se

F
is
si
cr
a
m
bu
s

m
u
ta
bi
li
s

P
o
a
ce
a
e:

P
a
n
ic
o
id
ea
e,

P
o
o
id
ea
e

A
ve
n
a

sa
ti
va
,

D
a
ct
yl
is

gl
o
m
er
a
ta
,

D
ig
it
a
ri
a

sa
n
gu
in
a
li
s,

H
o
rd
eu
m

vu
lg
a
re
,
P
h
le
u
m

p
ra
te
n
se
,

P
oa

p
ra
te
n
si
s,

S
ec
a
le

ce
re
a
le
,
Z
ea

m
a
ys

0
.4
5
×0

.3
m
m
;

1
5

lo
n
g
it
u
-

d
in
a
l
ri
d
g
es
,

co
lo
r

g
re
en
-

is
h

w
h
it
e

to
o
ra
n
g
e

la
rv
a

fe
ed

s
ab

ov
e

g
ro
u
n
d

o
n

th
e

le
av
es

o
f

a
m
o
re

o
r

le
ss

re
st
ri
ct
ed

ra
n
g
e

of
g
ra
ss
es

P
et
er
so
n
,

1
9
6
3
;

H
O
S
T
S
d
a
ta
b
a
se

M
et
a
cr
a
m
bu
s

ca
re
ct
el
lu
s

P
o
a
ce
a
e

”
g
ra
ss
es
”

“
la
rv
a
li
ve
s
o
n
g
ra
ss
”

S
la
m
ka
,
2
0
0
8

M
ic
re
le
p
h
a
s

p
ic
te
ll
u
s

E
u
p
h
o
rb
ia
ce
a
e

H
ye
ro
n
im

a
a
lc
h
o
rn
eo
id
es

L
a
n
d
ry
,
2
0
0
3

M
ic
ro
cr
a
m
bu
s

el
eg
a
n
s

P
o
a
ce
a
e:

P
a
n
ic
o
id
ea
e

Z
ea

m
a
ys

“
tu
rf
g
ra
ss
”
,
d
e-

tr
it
o
p
h
a
g
o
u
s

eg
g
s

d
ep

o
si
te
d

si
n
g
ly
,

n
o
n
-

a
d
h
es
iv
e;

2
0
-4
0

eg
g
s
d
ep

o
si
te
d

0
.4
×0

.2
m
m
;

1
4

lo
n
g
it
u
-

d
in
a
l
ri
d
g
es
;

co
lo
r

w
h
it
e

to
li
g
h
t

o
ra
n
g
e

P
et
er
so
n
,

1
9
6
3
;

A
ll
y
so
n
,

1
9
8
6
;

S
o
li
s,

2
0
0
8
;

M
ic
ro
cr
a
m
bu
s

P
o
a
ce
a
e:

P
a
n
ic
o
id
ea
e

”
tu
rf
g
ra
ss
”

eg
g
s

d
ep

o
si
te
d

si
n
g
ly
,

n
o
n
-

a
d
h
es
iv
e;

2
0
-4
0

eg
g
s
d
ep

o
si
te
d

0
.4
×0

.2
m
m
;

1
4

lo
n
g
it
u
-

d
in
a
l
ri
d
g
es
;

co
lo
r

w
h
it
e

to
li
g
h
t

o
ra
n
g
e

H
O
S
T
S
d
a
ta
b
a
se

N
eo
d
a
ct
ri
a

ca
li
gi
n
o
se
ll
a

A
p
ia
ce
a
e,

P
la
n
ta
g
i-

n
a
ce
a
e,

S
o
la
n
a
ce
a
e,

P
o
a
ce
a
e:

P
a
n
ic
o
id
ea
e,

P
o
o
id
ea
e

D
a
u
cu
s
ca
ro
ta
,
N
ic
o
ti
a
n
a
,

P
la
n
ta
go

la
n
ce
o
la
ta
,

T
ri
ti
cu
m
,
Z
ea

m
a
ys

D
o
m
in
ic
k
,

1
9
6
4
;

L
a
n
d
ry
,

1
9
9
5
;

H
O
S
T
S
d
a
ta
b
a
se

N
eo
d
a
ct
ri
a

lu
te
o
le
ll
a

P
o
a
ce
a
e:

P
a
n
ic
o
id
ea
e

Z
ea

m
a
ys
,
”t
u
rf
g
ra
ss
”

H
O
S
T
S
d
a
ta
b
a
se

N
eo
d
a
ct
ri
a

ze
el
lu
s

P
o
a
ce
a
e:

P
a
n
ic
o
id
ea
e

Z
ea

m
a
ys

H
O
S
T
S
d
a
ta
b
a
se

O
cr
oc
ra
m
bu
s

ca
ll
ir
rh
o
u
s

P
o
a
ce
a
e:

P
o
o
id
ea
e

F
es
tu
ca

n
o
va
ez
ea
la
n
d
ia
e

W
h
it
e,

1
9
6
3
,

G
a
sk
in
,
1
9
7
5
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O
cr
oc
ra
m
bu
s

cy
cl
o
p
ic
u
s

P
o
a
ce
a
e:

P
o
o
id
ea
e

A
rr
h
en

a
th
er
u
m

el
a
ti
u
s,

B
ro
m
u
s
m
o
ll
is

“
g
ra
ss

b
a
se
s”

G
a
sk
in
,

1
9
7
5
;

P
at
ri
ck

et
al
,
2
0
1
1

O
cr
oc
ra
m
bu
s

en
ch
o
p
h
o
ru
s

P
o
a
ce
a
e:

P
o
o
id
ea
e

B
ro
m
u
s
ca
th
a
rt
ic
u
s,

F
es
-

tu
ca

a
ru
n
d
in
a
ce
a
,

P
oa

ca
es
p
it
o
sa

G
a
sk
in
,
1
9
7
5

O
cr
oc
ra
m
bu
s

fl
ex
u
o
se
ll
u
s

D
it
ri
ch
a
ce
a
e,

P
o
a
ce
a
e:

P
o
o
id
ea
e

C
er
a
to
d
o
n

p
u
rp
u
re
u
s,

D
a
ct
yl
is

gl
o
m
er
a
ta
,

F
es
-

tu
ca

ru
br
a

va
r.
,

P
h
le
u
m

p
ra
te
n
se
,
P
oa

a
n
n
u
a

0
.4
×0

.3
m
m
,

o
b
la
te
,

1
1
-

1
7

ve
rt
ic
a
l

ri
b
s,

cr
ea
m
y

ye
ll
ow

to
p
in
k
is
h

tu
n
n
el

th
ro
u
g
h

g
ra
ss

ro
o
ts

an
d
so
il

W
a
tt
,
1
9
1
4
;
H
u
d
-

so
n
,
1
9
2
8
;
K
es
le
y,

1
9
5
7
;
C
u
m
b
er

O
cr
oc
ra
m
bu
s

h
el
io
te
s

0
.4
4
×0

.3
m
m
,

o
b
la
te
,

2
0
-

2
6

ve
rt
ic
a
l

ri
b
s,

cr
ea
m
y

w
h
it
e

to
o
ra
n
g
e

G
a
sk
in
,
1
9
7
5

O
ro
cr
a
m
bu
s

a
n
gu
st
ip
en

n
is

P
o
a
ce
a
e:

D
a
n
th
o
-

n
io
id
ea
e

C
o
rt
a
d
er
ia

se
ll
oa
n
a

in
g
ro
w
in
g

st
em

s
a
n
d

b
la
d
es

G
a
sk
in
,
1
9
7
5

O
ro
cr
a
m
bu
s

le
w
is
i

P
o
a
ce
a
e:

P
o
o
id
ea
e

P
oa

n
em

o
ra
li
s

W
h
it
e,

1
9
6
3
;

G
a
sk
in
,
1
9
7
5

O
ro
cr
a
m
bu
s

m
yl
it
es

P
o
a
ce
a
e:

D
a
n
th
o
-

n
io
id
ea
e

C
h
io
n
oc
h
lo
a
a
u
st
ra
li
s

G
a
sk
in
,
1
9
7
5

O
ro
cr
a
m
bu
s

ra
m
o
se
ll
u
s

P
o
a
ce
a
e:

P
o
o
id
ea
e

A
gr
o
st
is

te
n
u
is
,
A
lo
pe
cu
-

ru
s

p
ra
te
n
si
s,

B
ro
m
u
s

ca
th
a
rt
ic
u
s,

F
es
tu
ca

n
o
-

va
ze
a
la
n
d
ia
e,

P
oa

a
n
n
u
a
,

P
oa

n
em

o
ra
li
s

0
.4
5
×0

.3
5
m
m
,

o
b
la
te
,

1
8
-

2
2

ve
rt
ic
a
l

ri
b
s,

cr
ea
m
y

w
h
it
e

to
o
ra
n
g
e

“
g
ra
ss

b
a
se
s”

W
h
it
e,

1
9
6
3
;

G
a
sk
in
,

1
9
7
5
;

P
at
ri
ck

et
al
,
2
0
1
1

O
ro
cr
a
m
bu
s

si
m
p
le
x

P
o
a
ce
a
e:

P
o
o
id
ea
e

P
oa

n
em

o
ra
li
s

0
.5
×0

.3
8
m
m
,

o
b
la
te
,
1
4
-1
9

ve
rt
ic
a
l
ri
b
s,

p
a
le

ye
ll
ow

to
o
ra
n
g
e

G
a
sk
in
,

1
9
7
5
,

H
O
S
T
S
d
a
ta
b
a
se

C
o
n
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n
u
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n
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t
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O
ro
cr
a
m
bu
s

vi
tt
el
lu
s

P
o
a
ce
a
e:

P
o
o
id
ea
e

A
gr
o
st
is

te
n
u
is

0
.5
×0

.3
m
m
,

o
b
la
te
,

1
4
-

2
2

ve
rt
ic
a
l

ri
b
s,

or
a
n
g
e-

b
ro
w
n

to
b
ro
w
n

“
g
ra
ss

b
a
se
s”

W
h
it
e,

1
9
6
3
;

G
a
sk
in
,

1
9
7
5
;

P
at
ri
ck

et
al
,
2
0
1
1

P
a
ra
pe
d
ia
si
a

li
go
n
el
lu
s

P
o
a
ce
a
e:

C
h
lo
ri
-

d
o
id
ea
e

Z
o
ys
ia

m
a
tr
el
la

H
O
S
T
S
d
a
ta
b
a
se

P
a
ra
pe
d
ia
si
a

te
te
rr
el
la

P
o
a
ce
a
e:

P
o
o
id
ea
e

F
es
tu
ca
,
P
oa

p
ra
te
n
si
s

la
y

n
o
n
-

a
d
h
es
iv
e

eg
g
s

w
h
il
e

p
er
ch
ed

o
r
w
h
il
e
fl
y
in
g

A
in
sl
ie
,

1
9
3
0
;

M
a
rs
h
a
l,

1
9
8
8
;

H
O
S
T
S
d
a
ta
b
a
se

P
ed
ia
si
a

a
ri
d
el
la

P
o
a
ce
a
e:

P
o
o
id
ea
e

P
u
cc
in
el
li
a
m
a
ri
ti
m
a

li
ve
s

in
si
lk
en

g
a
ll
er
y

co
v
er
ed

b
y

fr
a
g
m
en
ts

a
t
th
e
b
a
se

of
th
e
st
em

s

S
la
m
ka
,

2
0
0
8
;

H
O
S
T
S
d
a
ta
b
a
se

P
ed
ia
si
a

ca
li
gi
n
o
se
ll
a

eg
g

n
o
n
-

a
d
h
es
iv
e,

d
ep

os
it
ed

si
n
g
ly

M
a
th
en
y

P
ed
ia
si
a

d
o
rs
ip
u
n
ct
el
lu
s
P
o
a
ce
a
e

H
O
S
T
S
d
a
ta
b
a
se

P
ed
ia
si
a

fa
sc
el
in
el
la

P
o
a
ce
a
e:

P
o
o
id
ea
e

C
o
ry
n
ep
h
o
ru
s

ca
n
es
ce
n
s,

D
es
ch
a
m
p
si
a
,

E
ly
tr
ig
ia

ju
n
ce
if
o
rm

e

S
la
m
ka
,
2
0
0
8

P
ed
ia
si
a

ju
cu
n
d
el
la

P
o
a
ce
a
e:

P
o
o
id
ea
e

T
ri
ti
cu
m

S
la
m
ka
,
2
0
0
8

P
ed
ia
si
a

lu
te
el
la

P
o
a
ce
a
e:

P
o
o
id
ea
e

F
es
tu
ca

o
vi
n
a
,

P
oa
,

T
ri
ti
cu
m

S
la
m
ka
,
2
0
0
8

P
ed
ia
si
a

lu
te
o
le
ll
a

eg
g

n
o
n
-

a
d
h
es
iv
e,

d
ep

os
it
ed

si
n
g
ly

M
a
th
en
y

P
ed
ia
si
a

m
u
ta
bi
li
s

eg
g

n
o
n
-

a
d
h
es
iv
e,

d
ep

os
it
ed

si
n
g
ly

M
a
th
en
y

P
ed
ia
si
a

pa
lu
d
el
la

P
o
a
ce
a
e:

P
o
o
id
ea
e

F
es
tu
ca

o
vi
n
a
,
P
oa

h
ib
er
n
a
te
s

in
si
lk
en

g
a
ll
er
y

v
er
ti
ca
ll
y

p
la
ce
d
a
m
o
n
g
st
em

s
o
f

g
ra
ss
es

S
la
m
ka
,
2
0
0
8

C
o
n
ti
n
u
ed

o
n
n
ex
t
pa
ge
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S
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p
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l
ra
n
k

H
o
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p
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n
t
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ie
s

E
g
g
-l
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in
g

b
eh

av
io
u
r

E
g
g
ty
p
e

L
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rv
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li
fe

h
a
b
it
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R
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Crambinae: Crambini

P
ed
ia
si
a

pe
d
ri
o
le
ll
a

P
o
a
ce
a
e:

P
o
o
id
ea
e

A
gr
o
p
yr
o
n
ju
n
ce
u
m

li
ve
s
in

lo
n
g
si
lk
en

tu
b
e

in
th
e
gr
o
u
n
d
n
ea
r
th
e

b
a
se
s
o
f
g
ra
ss
es

S
la
m
ka
,
2
0
0
8

P
ed
ia
si
a

tr
is
ec
ta

S
o
la
n
a
ce
a
e,

P
o
a
ce
a
e:

P
a
n
ic
o
id
ea
e,

P
o
o
id
ea
e

Z
ea

m
a
ys
,
F
es
tu
ca

ru
br
a
,

P
oa

p
ra
te
n
si
s,

N
ic
o
ti
a
n
a

eg
g

n
o
n
-

a
d
h
es
iv
e,

d
ep

os
it
ed

si
n
g
ly

0
.6
5
×0

.3
5
m
m
,

1
6

lo
n
g
it
u
-

d
in
a
l

ri
b
s,

g
re
en

is
h

w
h
it
e

to
ye
ll
ow

P
et
er
so
n
,

1
9
6
3
;

M
a
th
en
y

P
ed
ia
si
a

tr
u
n
ca
te
ll
a

S
p
h
a
g
n
a
ce
a
e,

P
o
a
ce
a
e:

A
ru
n
d
in
o
id
ea
e

M
o
li
n
ia
,
S
p
h
a
gn

u
m

ty
rp
h
o
p
h
il
o
u
s

S
la
m
ka
,
2
0
0
8

P
la
ty
te
s

a
lp
in
el
la

P
ot
ti
a
ce
a
e

B
a
rb
u
la

ru
ra
li
fo
rm

is
,
T
o
r-

tu
la

eg
g

n
o
n
-

a
d
h
es
iv
e,

d
ep

os
it
ed

si
n
g
ly

S
la
m
ka
,

2
0
0
8
;

L
ég
er
,

p
er
so
n
a
l

o
b
se
rv
a
ti
o
n
,
2
0
1
8

P
la
ty
te
s

ce
ru
ss
el
la

C
y
p
er
a
ce
a
e,

P
o
a
ce
a
e:

P
o
o
id
ea
e

C
a
re
x
a
re
n
a
ri
a
,
F
es
tu
ca

eg
g
s

n
o
n
-

a
d
h
es
iv
e,

<
10

0
eg
g
s

fe
ed

o
n
ro
o
ts

of
sm

a
ll
,

st
iff

g
ra
ss
es

g
ro
w
in
g
on

sa
n
d
a
n
d
sh
in
g
le

S
ch
w
a
rz
,

1
9
6
4
;

G
o
a
te
r,

1
9
8
6
;

S
la
m
ka
,
2
0
0
8

T
h
a
u
m
a
to
p
si
s

ed
o
n
is

eg
g

n
o
n
-

a
d
h
es
iv
e,

d
ep

os
it
ed

si
n
g
ly

M
a
th
en
y

T
h
a
u
m
a
to
p
si
s

pe
ct
in
if
er

C
y
p
er
a
ce
a
e,

P
o
a
ce
a
e:

P
an

ic
o
id
ea
e

C
yp
er
u
s,

P
a
sp
a
lu
m

st
ra
m
in
eu
m
,

P
a
sp
a
lu
m

st
ra
m
in
eu
m

la
rv
a
e
fe
ed

ju
st

b
el
ow

th
e

so
il

su
rf
a
ce

fr
o
m

si
lk
en

tu
b
es

L
a
n
d
ry
,
1
9
9
5
a
n
d

re
fe
re
n
ce

th
er
ei
n

T
h
ys
a
n
o
ti
a

ch
ry
so
n
u
ch
el
la

P
o
a
ce
a
e:

P
o
o
id
ea
e

F
es
tu
ca

o
vi
n
a

li
ve
s
o
n
g
ra
ss
es
;
in
h
a
b
-

it
s
si
lk
en

g
a
le
ry

at
th
e

b
a
se
s
o
f
st
em

s

S
la
m
ka
,
2
0
0
8

X
a
n
th
oc
ra
m
bu
s

sa
xo
n
el
lu
s

eg
g
s

n
o
n
-

a
d
h
es
iv
e,

<
10

0
eg
g
s

S
ch
w
a
rz
,
1
9
6
4

C
o
n
ti
n
u
ed

o
n
n
ex
t
pa
ge
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l
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n
k

H
o
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n
t
sp
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s

E
g
g
-l
ay
in
g

b
eh

av
io
u
r

E
g
g
ty
p
e

L
a
rv
al

li
fe

h
a
b
it
s

R
ef
er
en
ce
s

Crambinae: Diptychophorini

D
ip
ty
ch
o
p
h
o
ra

sp
.

eg
g
s

g
lu
ed

to
th
e
su
b
st
ra
te

L
a
n
d
ry
,

p
er
so
n
a
l

o
b
se
rv
a
ti
o
n
,
2
0
1
8

G
la
u
co
ch
a
ri
s

bi
p
u
n
ct
el
la

H
ep

a
ti
co
p
h
y
ta

li
ve
rw

o
rt

cu
sh
io
n
s

B
ee
ve
r

G
la
u
co
ch
a
ri
s

el
a
in
a

F
u
n
a
ri
a
ce
a
e

F
u
n
a
ri
a

G
a
sk
in
,
1
9
7
1

G
la
u
co
ch
a
ri
s

ep
ip
h
a
ea

P
ol
y
tr
ic
h
a
ce
a
e

D
a
w
so
n
ia

su
pe
rb
a

ch
ew

s
off

ti
p
s
of

le
av
es

sh
o
ot
s,

w
it
h

re
fu
g
e

tu
n
n
el
s

m
a
d
e

w
it
h

si
lk
,

le
a
f

fr
a
g
m
en
ts

a
n
d
fr
a
ss

B
ee
ve
r

G
la
u
co
ch
a
ri
s

m
et
a
ll
if
er
a

B
ry
o
p
h
y
ta

“
m
o
ss
”

H
u
d
so
n
,
1
9
2
8

G
la
u
co
ch
a
ri
s

m
ic
ro
d
o
ra

B
ry
o
p
h
y
ta

“
m
o
ss
”

H
u
d
so
n
,
1
9
2
8

Crambinae: Haimbachiini

B
is
se
ti
a

st
en

ie
ll
a

P
o
a
ce
a
e:

P
a
n
ic
o
id
ea
e

S
a
cc
h
a
ru
m

C
o
n
ie
st
a

ig
n
ef
u
sa
li
s

P
o
a
ce
a
e:

P
a
n
ic
o
id
ea
e

A
n
d
ro
po
go
n
,

O
ry
za

sa
ti
va
,

P
a
n
ic
u
m

m
a
x-

im
u
m
,

P
en

n
is
et
u
m

a
m
er
ic
a
n
u
m
,

S
a
cc
h
a
ru
m

o
ffi
ci
n
a
ru
m
,

S
o
rg
h
u
m

bi
co
lo
r,

Z
ea

m
a
ys

eg
g
s

la
id

b
e-

tw
ee
n

le
a
f

sh
ea
th

a
n
d

th
e

st
em

in
b
a
tc
h
es

of
20

-5
0

S
ca
le
-l
ik
e,

cr
ea
m
y
-

ye
ll
ow

tu
n
n
el

in
le
a
f
sh
ea
th
s

a
n
d
in

u
n
d
er
ly
in
g
st
em

H
a
ri
s,

1
9
6
2
;

H
O
S
T
S
d
a
ta
b
a
se

D
o
n
a
co
sc
a
p
te
s

be
rt
h
el
lu
s

P
o
a
ce
a
e:

P
a
n
ic
o
id
ea
e

S
a
cc
h
a
ru
m

o
ffi
ci
n
a
ru
m

H
O
S
T
S
d
a
ta
b
a
se

D
o
n
a
co
sc
a
p
te
s

in
fu
se
ll
u
s

P
o
n
te
d
er
ia
ce
a
e

E
ic
h
h
o
rn
ia

cr
a
ss
ip
es
,

P
o
n
te
d
er
ia

co
rd
a
ta

H
O
S
T
S
d
a
ta
b
a
se

D
o
n
a
co
sc
a
p
te
s

ta
u
ro
m
m
a

P
o
a
ce
a
e:

P
a
n
ic
o
id
ea
e

S
a
cc
h
a
ru
m

sp
o
n
ta
n
eu
m

H
O
S
T
S
d
a
ta
b
a
se

E
o
re
u
m
a

lo
ft
in
i

P
o
a
ce
a
e:

O
ry
zo
id
ea
e,

P
an

ic
o
id
ea
e

C
ym

bo
po
go
n

ci
tr
a
tu
s,

O
ry
za

sa
ti
va
,

P
a
n
ic
u
m

m
il
ia
ce
u
m
,

S
a
cc
h
a
ru
m

o
ffi
ci
n
a
ru
m
,

S
o
rg
h
u
m
,

Z
ea

m
a
ys

eg
g
s

a
d
h
es
iv
e,

la
id

in
m
a
ss
es

o
f

5
-1
0
0
,

b
et
w
ee
n

la
ye
rs

o
f

d
ry

le
a
f
ti
ss
u
e

n
ea
r

th
e
p
la
n
te

b
a
se

fl
a
tt
en

ed
an

d
so
m
et
im

es
m
a
rk
ed

w
it
h

a
fa
in
t

te
x
tu
re

ea
rl
y

in
st
a
rs

fe
ed

o
n

a
n
d

in
si
d
e

th
e

le
a
f

sh
ea
th
s,

p
ro
d
u
ci
n
g

a
re
d
h
o
le
;
la
rv
a
e
tu
n
n
el

in
to

th
e
st
em

b
o
th

ve
r-

ti
ca
ll
y
a
n
d
h
o
ri
zo
n
ta
ll
y

J
o
h
n
so
n
,

1
9
8
1
;

L
eg
a
sp
i

et
a
l.
,

19
97

;

F
ri
ed
la
n
d
er
ia

ci
ca
tr
ic
el
la

C
y
p
er
a
ce
a
e,

P
o
a
ce
a
e:

A
ru
n
d
in
o
id
ea
e

P
h
ra
gm

it
es

a
u
st
ra
li
s,

S
ch
oe
n
o
p
le
ct
u
s
la
cu
st
ri
s

S
la
m
ka
,
2
0
0
8

H
a
im

ba
ch
ia

qu
ir
ig
u
el
la

P
o
a
ce
a
e:

O
ry
zo
id
ea
e

O
ry
za

C
a
p
p
s,

1
9
6
5

P
se
u
d
o
bi
ss
et
ia

te
rr
es
tr
el
la

P
o
a
ce
a
e:

P
a
n
ic
o
id
ea
e

Z
ea

m
a
ys

S
la
m
ka
,
2
0
0
8

T
h
o
pe
u
ti
s

fo
rb
es
el
lu
s

C
y
p
er
a
ce
a
e

J
u
n
cu
s,

S
ci
rp
u
s

F
ro
h
n
e
1
9
3
9
;
D
y
a
r

C
o
n
ti
n
u
ed

o
n
n
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t
pa
ge

219



T
ab

le
A
.7

–
C
o
n
ti
n
u
ed

fr
o
m

p
re
vi
o
u
s
pa
ge

G
en
u
s

S
p
ec
ie
s

H
o
st

p
la
n
t

ta
x
o
n
o
m
i-

ca
l
ra
n
k

H
o
st

p
la
n
t
sp
ec
ie
s

E
g
g
-l
ay
in
g

b
eh

av
io
u
r

E
g
g
ty
p
e

L
a
rv
al

li
fe

h
a
b
it
s

R
ef
er
en
ce
s

Crambinae: Haimbachiini

X
u
bi
d
a

pa
n
a
lo
pe

eg
g
s
la
id

si
n
g
ly

o
r

in
cl
u
st
er
s,

co
a
te
d

w
it
h

th
in
,
so
m
ew

h
a
t

o
p
a
q
u
e,

w
h
it
e

a
d
h
es
iv
e

1×
0
.7
m
m
,

sc
a
le
-l
ik
e,

tr
a
n
sl
u
ce
n
t

P
et
er
so
n
,
1
9
6
3

X
u
bi
d
a

ru
tu
be
ll
a

P
o
a
ce
a
e:

P
a
n
ic
o
id
ea
e

S
a
cc
h
a
ru
m

A
g
n
ew

et
a
l.
,
1
9
9
8

Glaphyriinae

H
el
lu
la

p
h
id
il
ea
li
s

eg
g
s

a
d
h
es
iv
e,

la
id

si
n
g
ly

o
r
in

sm
a
ll
cl
u
st
er
s

eg
g
s

a
re

ov
o
id

P
et
er
so
n
,
1
9
6
3

E
ve
rg
es
ti
s

a
fr
ic
a
li
s

B
ra
ss
ic
a
ce
a
e

B
ra
ss
ic
a

H
O
S
T
S
d
a
ta
b
a
se

E
ve
rg
es
ti
s

bi
fa
sc
ia
li
s

B
ra
ss
ic
a
ce
a
e

B
ra
ss
ic
a
,
R
a
p
h
a
n
u
s

H
O
S
T
S
d
a
ta
b
a
se

E
ve
rg
es
ti
s

ex
ti
m
a
li
s

B
ra
ss
ic
a
ce
a
e

B
ra
ss
ic
a

ra
pa
,
D
ip
lo
ta
xi
s

te
n
u
if
o
li
a
,
Ib
er
is
,
S
in
a
p
is
,

S
is
ym

br
iu
m

la
rv
a

o
cc
u
rs

si
n
g
ly

o
r

in
g
ro
u
p
s

in
sp
u
n
-

to
g
et
h
er

sh
o
ot

ti
p
s;

b
or
in
g
fr
u
it
s
o
r
ea
ti
n
g

th
e

se
ed

s;
h
ib
er
n
a
te
s

in
a
co
co
o
n
in

o
r
o
n
th
e

so
il
.

Z
o
cc
h
i,

1
9
5
1
;

G
o
a
te
r,

N
u
ss

&
S
p
ei
d
el
,

2
0
0
4
;

H
O
S
T
S
d
a
ta
b
a
se

E
ve
rg
es
ti
s

fo
rfi
ca
li
s

A
p
ia
ce
a
e,

B
ra
ss
ic
a
ce
a
e

A
p
iu
m

gr
a
ve
o
le
n
s,

A
r-

m
o
ra
ci
a

ru
st
ic
a
n
a
,
B
ra
s-

si
ca

o
le
ra
ce
a
,

R
a
p
h
a
n
u
s

sa
ti
vu
s

eg
g
s

la
id

in
m
a
ss

o
f
1
0
eg
g
s

g
lu
ed

on
th
e

h
o
st

p
la
n
t

la
rv
a
in

a
sp
in
n
in
g
u
n
-

d
er

th
e

le
av
es
,

m
a
k
-

in
g
w
in
d
ow

s
a
n
d
h
o
le
s;

h
ib
er
n
a
te
s
in

a
to
u
g
h

su
b
te
rr
a
n
ea
n
co
co
o
n

G
o
a
te
r,

N
u
ss

&
S
p
ei
d
el
,

2
0
0
4
;

H
O
S
T
S

d
a
ta
b
a
se
;

w
w
w
.l
ep

if
o
ru
m
.d
e

E
ve
rg
es
ti
s

fu
n
a
li
s

P
o
rt
u
la
ca
ce
a
e

P
o
rt
u
la
ca

H
O
S
T
S
d
a
ta
b
a
se

E
ve
rg
es
ti
s

in
fi
rm

a
li
s

B
ra
ss
ic
a
ce
a
e

B
ra
ss
ic
a

H
O
S
T
S
d
a
ta
b
a
se

E
ve
rg
es
ti
s

li
m
ba
ta

B
ra
ss
ic
a
ce
a
e,

F
a
b
a
ce
a
e

A
ll
a
ri
a

pe
ti
o
la
ta
,
G
en

is
ta

ti
n
ct
o
ri
a

H
O
S
T
S
d
a
ta
b
a
se

E
ve
rg
es
ti
s

pa
ll
id
a
ta

B
ra
ss
ic
a
ce
a
e

A
rm

o
ra
ci
a

ru
st
ic
a
n
a
,

B
a
rb
a
re
a

vu
lg
a
ri
s,

B
ra
s-

si
ca

ra
pa
,

D
ip
lo
ta
xi
s

te
n
u
if
o
li
a
,

R
a
p
h
a
n
u
s

sa
ti
vu
s

H
O
S
T
S
d
a
ta
b
a
se

E
ve
rg
es
ti
s

pe
ch
i

B
ra
ss
ic
a
ce
a
e

D
ip
lo
ta
xi
s

pe
n
d
u
la
,

S
is
ym

br
iu
m

ir
io

la
rv
a
fe
ed

s
on

th
e
fl
ow

-
er
s

C
h
ré
ti
en
,

1
9
1
7
;

G
o
a
te
r,

2
0
0
4

C
o
n
ti
n
u
ed

o
n
n
ex
t
pa
ge
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Refining the phylogeny of Crambidae
with complete sampling of subfamilies
(Lepidoptera, Pyraloidea)
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Table B.1: PCR primers used for this work

Gene Primer Sequence (5’ -> 3’) Direc-
tion

Annealing
tempera-
ture

PCR
product
length
(bp)

Reference

CAD CAD743f GGNGTNACNACNGCNTGYTTYGAR
CC

F 55 850 Wahlberg &
Wheat, 2008

CAD CADf19 AGYTCNATGAAAAGYGTNGG F 55 754 Léger et al. (2019)
CAD CAD1028r TTRTTNGGNARYTGNCCNCCCAT R 55 850 Wahlberg &

Wheat, 2008
CAD CADr604 CATCCHACWGCACACCAATC R 55 661 Léger et al. (2019)
CAD CAD exon4f2 TRGGNACYCCNATHCARTC F 55 754 This study
CAD CAD exon4r2 ACYTCNCCNACRCTTTTCAT R 55 754 This study
COI LCO GGTCAACAAATCATAAAGATATT

GG
F 50 676 Wahlberg &

Wheat, 2008
COI Nancy CCTGGTAAAATTAAAATATAAAC

TTC
R 50 676 Simon et al., 1994

COI Jerry CAACAYTTATTTTGATTTTTTGG F 50 829 Wahlberg &
Wheat, 2008

COI Pat ATCCATTACATATAATCTGCCATA R 50 829 Wahlberg &
Wheat, 2008

DDC DDC
Wahlberg3.2sF

TGGYTICAYGTIGAYGCNGCNTAY
GC

F 55 621 Wahlberg &
Wheat, 2008

DDC DDC exon3r GNGARCAAATHGCTAAYCTTA R 55 621 This study
EF-
1alpha

Oscar GGCCCAAGGAAATGGGCAAGGG F 58 750 Haines & Rubi-
noff, 2012

EF-
1alpha

Bosie CCGGCGACGTAACCACGACGC R 58 750 Haines & Rubi-
noff, 2012

EF-
1alpha

EF51.9 CARGACGTATACAAAATCGG F 50 511 Cho et al., 1995

EF-
1alpha

EFrcM4 ACAGCVACKGTYTGYCTCATRTC R 50 511 Cho et al., 1995

GAPDH Frigga AARGCTGGRGCTGAATATGT F 55 691 Wahlberg &
Wheat, 2008

GAPDH GAPDHf96 YTCYTGCACYACCAACTG F 55 508 Léger et al. (2019)
GAPDH Burre GWTTGAATGTACTTGATRAGRTC R 55 691 Wahlberg &

Wheat, 2008
GAPDH GAPDHr610 TCRTTGTCRTACCARCTGAT R 55 646 Léger et al. (2019)
IDH IDHdeg27F GGWGAYGARATGACNAGRATHATH

TGG
F 55 711 Wahlberg &

Wheat, 2008
IDH IDHdegR TTYTTRCAIGCCCANACRAANCCN

CC
R 55 711 Wahlberg &

Wheat, 2008
IDH IDHf169 ATGTGGAARAGYCCYAATGG F 53 490 Léger et al. (2019)
IDH IDHr626 CAATCARYCTRTGCTCATACC R 53 658 Léger et al. (2019)
RpS5 RpS5f ATGGCNGARGARAAYTGGAAYGA F 55 613 Wahlberg &

Wheat, 2008
RpS5 RpS5f3 GAYATTCCYGAAATCAAACT F 55 535 Léger et al. (2019)
RpS5 RpS5r CGGTTRGAYTTRGCAACACG R 55 613 Wahlberg &

Wheat, 2008
RpS5 RpS5r538 TCCARCTCRTCCTTYTTYTT R 55 592 Léger et al. (2019)
wingless LepWg1 GARTGYAARTGYCAYGGYATGTC

TGG
F 50 400 Brower & DeSalle,

1998
wingless LepWg2 ACTICGCARCACCARTGGAATGT

RCA
R 50 400 Brower & DeSalle,

1998
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Figure B.1: Best-scoring ML tree of the whole dataset with best Partition Finder model applied and bootstrap
support values from 1000 replicates displayed on nodes
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Figure B.2: Best-scoring ML tree of the conc10genes nosyn dataset with best Partition Finder model applied and
bootstrap support values from 1000 replicates displayed on nodes
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Appendix C

Twenty-six new species of Hoploscopa
(Lepidoptera, Crambidae) from
South-East Asian revealed by
morphology and DNA barcoding.
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Table C.1: Primers sequences with characteristics and chemical properties.

Gene
Fragment
N◦

Fragment length
(length without
primers between
brackets)

Primer

Overlap
with pre-
ceding
fragment

Overlap
with fol-
lowing
fragment

Tm
used

Sequence References

COI Bar-
code part 1a 371 (325)

LepF1 - 83bp
49◦ ATTCAACCAATCATAAAGATATTGG Hebert et al. 2004

K699 WGGGGGGTAAACTGTTCATCC http://www.nymphalidae.net/Molecular.htm
COI Bar-
code part 1b 464 (416)

f220 83bp -
49◦ CCYGAYATAGCYTTYCCMCGAA This study

LepR1 TAAACTTCTGGATGTCCAAAAAATCA Hebert et. al. 2004
COI Bar-
code part A 228 (181)

LepF1 - 42bp
49◦ ATTCAACCAATCATAAAGATATTGG Hebert et. al. 2004

r181 GWACTARTCAATTTCCRAATCC This study

COI Bar-
code part B 228 (186)

f118 42bp 83bp
49◦ ACYATTGTWACAGCYCAYGCT This study

K699 WGGGGGGTAAACTGTTCATCC http://www.nymphalidae.net/Molecular.htm
COI Bar-
code part C 233 (185)

f220 83bp 37bp
49◦ CCYGAYATAGCYTTYCCMCGAA This study

r427 GTTGTAATAAARTTAATDGCYCCTAA This study
COI Bar-
code part D 210 (167)

f367 37bp 36bp
49◦ AGAGGWAGHTCWGTAGATTTAGC This study

r557 ARTATDGTAATAGCTCCHGCTA This study

COI Bar-
code part E 188 (137)

f496 36bp -
49◦ CCWYTATTTATTTGAGCTGTWGGAA This study

LepR1 TAAACTTCTGGATGTCCAAAAAATCA Hebert et. al. 2004
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Table C.7: Collecting localities of the Hoploscopa specimens examined. Historic localities are approximative.

species lati-
tude

longi-
tude

geographical lo-
cation

country detailed locality

H. agtuuganonensis 7.78 126.21 Mindanao Philippines Mount Agtuuganon
H. albipuncta 6.042 116.596 Borneo Malaysia Kopogon
H. albipuncta 6.045 116.595 Borneo Malaysia Mesilau Nature Resort
H. albipuncta 6.028 116.548 Borneo Malaysia Timpohon Gate, 300m after Ligawu

trail start
H. albipuncta 6.0277 116.549 Borneo Malaysia Timpohon Gate, 700m after Ligawu

trail start
H. albomaculata 0.76 124.46 North Sulawesi Indonesia Lake Danau Mooat
H. anacantha 0.56 123.68 North Sulawesi Indonesia Dumoga-Bone NP [Bogani Nani

Wartabone NP]
H. anacantha 0.76 124.46 North Sulawesi Indonesia Lake Danau Mooat
H. anacantha 0.45 123.93 North Sulawesi Indonesia Mount Mogogonipa
H. anamesa -20.2 169.81 Aneityum Vanuatu Aneityum
H. anamesa -20.23 169.76 Aneityum Vanuatu Anelgauhat
H. anamesa -19.5 169.3 Tanna Vanuatu Tanna
H. astrapias -17.56 177.96 Fiji Fiji Nandarivatu
H. astrapias -17.82 178.32 Fiji Fiji Vun̂ıdawa
H. aurantiacalis -7.175 107.57 Pengaleng Indonesia Pengaleng
H. boleta -7.35 146.68 Papua Papua New Guinea Mount Kaindi
H. brunnealis -7.175 107.57 Pengaleng Indonesia Pengaleng
H. cynodonta 4.555 115.154 Borneo Brunei Ulu Temburong
H. cynodonta 6.009 116.537 Borneo Malaysia Kiau View-Pandanus Trail
H. cynodonta 5.48 116.56 Borneo Malaysia Mount Monkobo
H. cynodonta 4.467 117.917 Borneo Malaysia Tawau Hills HQ
H. cynodonta 6.0277 116.549 Borneo Malaysia Timpohon Gate, 700m after Ligawu

trail start
H. danaoensis 11.07 124.69 Leyte Philippines Lake Danao
H. diffusa -9.5 150.66 Papua Papua New Guinea Fergusson Island
H. gombongi -6.2 146.1 Papua Papua New Guinea Yawan village
H. gracilis 2.77 98.53 Sumatra Indonesia Dairi
H. gracilis 3.24 98.51 Sumatra Indonesia Mount Sibayak
H. gracilis 2.755 99 Sumatra Indonesia Road from Pematangsiantar to Pra-

pat
H. gracilis 1.617 99.267 Sumatra Indonesia Sipirok
H. ignitamaculae 0.56 123.68 North Sulawesi Indonesia Dumoga-Bone NP [Bogani Nani

Wartabone NP]
H. ignitamaculae 0.76 124.46 North Sulawesi Indonesia Lake Danau Mooat
H. ignitamaculae 0.45 123.93 North Sulawesi Indonesia Mount Mogogonipa
H. ignitamaculae 1.51 125.18 North Sulawesi Indonesia Tangkoko Batuangus Nature Re-

serve
H. isarogensis 13.66 123.33 Luzon Philippines Mount Isarog
H. jubata -7.22 146.61 Papua Papua New Guinea Mount Susu NP
H. jubata -7 146 Papua Papua New Guinea Wau Ecology Institute
H. kelama 0.56 123.68 North Sulawesi Indonesia Dumoga-Bone NP [Bogani Nani

Wartabone NP]
H. kelama 0.76 124.46 North Sulawesi Indonesia Lake Danau Mooat
H. kinabaluensis 6.009 116.537 Borneo Malaysia Kiau View-Pandanus Trail
H. kinabaluensis 6.0116 116.534 Borneo Malaysia Kinabalu Mountain Lodge
H. kinabaluensis 6.028 116.548 Borneo Malaysia Timpohon Gate, 300m after Ligawu

trail start
H. kinabaluensis 6.0277 116.549 Borneo Malaysia Timpohon Gate, 700m after Ligawu

trail start
H. luteomacula -0.4 100.35 Sumatra Indonesia Mount Singgalang
H. luteomacula 2.755 99 Sumatra Indonesia Road from Pematangsiantar to Pra-

pat
Continued on next page



Table C.7 – Continued from previous page
species lati-

tude
longi-
tude

geographical lo-
cation

country detailed locality

H. mallyi 6.0394 116.598 Borneo Malaysia Mesilau logging site
H. mallyi 6.045 116.595 Borneo Malaysia Mesilau Nature Resort
H. mallyi 6.009 16.538 Borneo Malaysia Pandanus trail, 250m after start
H. mallyi 6.01 116.54 Borneo Malaysia Sabah, Kundasang, Kinabalu NP

Headquarters
H. mallyi 6.028 116.548 Borneo Malaysia Timpohon Gate, 300m after Ligawu

trail start
H. marijoweissae -4.4 139.7 Papua Indonesia Mount Goliath [Mount Yamin]
H. matheae 4.33 115.29 Borneo Brunei Bukit Retak
H. matheae 6.011 116.534 Borneo Malaysia Kinabalu Mountain Lodge
H. matheae 4.467 117.917 Borneo Malaysia Tawau Hills HQ
H. metacrossa -2.91 132.3 Papua Indonesia Fak-Fak
H. metacrossa -7.22 146.61 Papua Papua New Guinea Mount Susu NP
H. metacrossa -7 146 Papua Papua New Guinea Wau Ecology Institute
H. nauticorum -13.9 -

171.75
Upolu Samoa Malololelei

H. nauticorum -13.92 171.75 Upolu Samoa Tiavi
H. niveofascia -7.22 146.61 Papua Papua New Guinea Mount Susu NP
H. obliqua -4.48 137.34 Papua Indonesia Utakwa [Oetakwa] river
H. obliqua -5.25 145.283 Papua Papua New Guinea Wanang village
H. ocellata -0.61 127.3 Moluccas Indonesia Batchian [Bacan islands]
H. pangrangoensis -6.77 106.96 Java Indonesia Mount Pangrango
H. parvimacula 6.0116 116.534 Borneo Malaysia Kinabalu Mountain Lodge
H. parvimacula 6.0394 116.598 Borneo Malaysia Mesilau logging site
H. parvimacula 6.045 116.595 Borneo Malaysia Mesilau Nature Resort
H. parvimacula 6.028 116.548 Borneo Malaysia Timpohon Gate, 300m after Ligawu

trail start
H. persimilis -4.48 137.34 Papua Indonesia Utakwa [Oetakwa] river
H. pseu-
dometacrossa

-5.58 144.07 Papua Papua New Guinea Mount Hagen

H. quadripuncta -3.08 129.53 Moluccas Indonesia Mount Kobipoto
H. quadripuncta -4.48 137.34 Papua Indonesia Utakwa [Oetakwa] river
H. quadripuncta -9 148.37 Papua Papua New Guinea Hydrographers Range
H. semifascia -2.91 132.3 Papua Indonesia Fak-Fak
H. semifascia -6.58 142.83 Papua Papua New Guinea Bosavi (Mount)
H. semifascia -7 146 Papua Papua New Guinea Wau Ecology Institute
H. sepanggi 6.0394 116.598 Borneo Malaysia Mesilau logging site
H. sepanggi 6.045 116.595 Borneo Malaysia Mesilau Nature Resort
H. sepanggi 6.028 116.548 Borneo Malaysia Timpohon Gate, 300m after Ligawu

trail start
H. subvariegata -8.8 146.5 Papua Papua New Guinea Angabunga river
H. subvariegata -7.35 146.68 Papua Papua New Guinea Mount Kaindi
H. sumatrensis 2.755 99 Sumatra Indonesia Road from Pematangsiantar to Pra-

pat
H. titika 2.755 99 Sumatra Indonesia Road from Pematangsiantar to Pra-

pat
H. tonsepi -6.2 146.1 Papua Papua New Guinea Yawan village
H. triangulifera -4.63 145.97 Papua Papua New Guinea Dampier Island [Karkar]
H. triangulifera -9.5 150.66 Papua Papua New Guinea Fergusson Island
H. triangulifera -8.45 147.81 Papua Papua New Guinea Mambare River
H. ypsilon 17.04 121.1 Luzon Philippines Barlig (Chatol)
H. ypsilon 16.97 121.03 Luzon Philippines Mount Polis
H. ypsilon 16.16 120.94 Luzon Philippines Santa Fe


