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Abstract

The gracillariid genus Triberta gen. nov. (Lepidoptera: Gracillariidae: Lithocolletinae Stainton, 1854) is described to ac-

commodate two species formerly assigned to the genus Phyllonorycter Hübner, 1822: Triberta helianthemella (Herrich-

Schäffer, 1861) comb. nov. and T. cistifoliella (Groschke, 1944) comb. nov. Triberta cistifoliella bona sp. is restored from 

synonymy based on morphological characters. The new genus is biologically associated with the plant family Cistaceae 

of the order Malvales and is endemic to the Palaearctics. Our molecular analysis of eleven nuclear genes failed to 

unambiguously place Triberta in the lithocolletine phylogeny, but revealed that this genus is distinct from either clade

Phyllonorycter + Cremastobombycia and Cameraria. The distinctiveness of Triberta is also supported by inferred traits 

in wing venation, micro morphology of the last instar larva, pupa, genital morphology of the adult and life history. A key 

to the species of Triberta is provided. The interspecific homogeneity in external morphology, coupled with minor differ-

ences in genital traits, an apparent narrow specialization on Cistaceae host plants, restricted geographical range and mo-

lecular evidence based on multi-nuclear genes jointly suggest that the generic diversification of Triberta is a relatively old 

phenomenon and driven strongly by host selection. 
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Introduction

This contribution presents another step towards understanding the systematics and evolutionary history of the 

subfamily Lithocolletinae Stainton, 1854 following the publication of the taxonomic-revisionary study about the 

Afrotropical Lithocolletinae (De Prins & Kawahara 2012). These tiny, attractive, distinctively ornate moths 

represent a highly successful lineage of Gracillariidae (Kawahara et al. 2011) and are placed phylogenetically 

among the ditrysian moths within the complex clade of the superfamilies Yponomeutoidea + Gracillarioidea 

(Mutanen et al. 2010; Sohn et al. 2013; Regier et al. 2013). The great majority of taxa within this complex possess 

diverse plant mining life histories (Grimaldi & Engel 2005; Sohn et al. 2013). Currently the monophyletic group 

Lithocolletinae comprises 552 species of leaf miners, with the Afrotropical loxozona species group as an exception 

in possessing a gall-forming life history. The presently known Lithocolletinae species are grouped into 10 genera 

(De Prins & Kawahara 2012; De Prins & De Prins 2013); nevertheless, many additional underscribed taxa can still 

be found in tropical regions, and many of these are already present in various research collections. 

Species of Lithocolletinae have an intimate and often highly specialized feeding and reproductive interaction 

with a great variety of plants: no less than 771 plant species belonging to 38 families are recorded as host plants of 

these leaf miners (Lopez-Vaamonde et al. 2003, 2006; De Prins & Kawahara 2012; De Prins & De Prins 2005, 

2013). However, the successful ecological colonization of congeneric lithocolletine moths which utilize the diverse 

variety of plant families occurred rather seldom during evolution. Six lithocolletine genera out of ten, including 

Chrysaster Kumata, 1961, Hyloconis Kumata, 1963, Macrosaccus Davis & De Prins, 2011, Neolithocolletis, 
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Kumata, 1963, Porphyrosela Braun, 1908 and Protolithocolletis Braun, 1929, are trophically and reproductively 

associated with the plants assigned exclusively to one family Fabaceae (De Prins & Kawahara 2012). Moths 

belonging to the New World genus Cremastobombycia Braun, 1908 also mostly mine the leaves of one plant 

family, Asteraceae (Chambers 1871; Frey & Boll 1873, 1876; Davis et al. 2013). Exceptionally, the single 

Cremastobombycia species C. lantanella Busck, 1910 is associated with Verbenaceae plants feeding on Lantana

spp. (Busck 1910; Davis et al. 2013), a decorative, ornamental bush planted worldwide, which explains the 

disrupted distribution of this gracillariid species (Busck 1910; Swezey 1910, 1913, 1928; Walsingham 1914; 

Zimmerman 1978; Palmer & Pullen 1995; De Prins & De Prins 2005, 2013; Davis et al. 2013). Another small New 

World genus, Leucanthiza Clemens, 1859, consisting of only three species, utilizes plants within Convolvulaceae 

and Thymelaeaceae in addition to Fabaceae (Braun 1914; Bourquin 1962; De Prins & De Prins 2005, 2013). Thus, 

the recorded monophagy or narrow oligophagy of different genera within the subfamily Lithocolletinae is 

considered more as a rule than as an exception.

The plant family Cistaceae comprises ca. 180 species and eight genera (Guzmán & Vargas 2005). The 

circumscription of species within Cistaceae remains problematic, which has resulted in multiple combinations of 

the same taxon under different generic names, especially for species now assigned to Helianthemum Mill. and 

Halimium Dunal (Spach) (Arrington & Kubitzki 2003; The Plant List 2010). The type genus Cistus L. is probably 

one of the most characteristic genera of the Mediterranean flora (Polunin & Huxley 1974; Schönfelder & 

Schönfelder 1994; Polunin 1997). Cistaceae plants are self-incompatible, leading to crossing between species 

(Bosch 1992; Falchi et al. 2009). Consequently, natural hybridization is common. However, the hybrids are not 

allopolyploidic (Ellul et al. 2002) and moreover, a long history of human activities in this region favoured the 

abundance and distribution of this family of plants (Thompson 2005). The evolutionary mechanisms responsible 

for the explosive morphological diversity within Cistaceae remain poorly understood. However, the published 

molecular evidence proposes that the early differentiation of Cistaceae may have occurred in the western 

Mediterranean with the major center of species diversity on both sides of the Strait of Gibraltar, Andalusia and 

northern Morocco (Guzmán & Vargas 2005; Falchi et al. 2009; Stevens 2012). It is an intriguing fact that the oldest 

pollen for Cistaceae (Cistacearumpollenites) dates from the Lower Miocene from Czechia (Bohemia) (Konzalova 

1967). Fruits of Cistus were found in sedimentary rocks of Germany (Montbauer) and in amber-bearing sand of the 

Baltic Sea (Zemland) from the middle Eocene (Palibin 1909; Sohn et al. 2012). 

The fossil leaf mines of gracillariids are among the oldest known fossils of ditrysian Lepidoptera dating back 

to the late Cretaceous (Labandeira et al. 1994; Sohn et al. 2012). Some gracillariids are associated with ancient 

angiosperms, which originated in the Cretaceous. However, the question remains whether these associations with 

ancient plants can serve as an evidence of an old origin, or are the result of recent colonization of archaic host 

plants (Davis & Wagner 2011; Brito et al. 2012). The age of the subfamily Lithocolletinae still remains unknown, 

but the phylogenetic results already obtained (Kawahara et al. 2011; De Prins & Kawahara 2012; Regier et al. 

2013) suggest different geological ages of some genera, caused by different geological events and/or ecological 

adaptations. Based on the ribosomal 28S rDNA evidence of 100 Phyllonorycter species it has been suggested that 

the genus Phyllonorycter originated during the early Palaeocene, ca. 62.3 million years ago (Mya) within the limits 

50.3–73.3 Mya (Lopez-Vaamonde et al. 2006). Our best Maximum Likelihood (ML) tree indicates a divergence of 

Triberta which pre-dates the origin of Phyllonorycter. Differing from this proposal, our bootstrap (BP) consensus 

tree (data not shown) placed Triberta as a sister to (Phyllonorycter+Cremastobombycia)+Cameraria, likewise 

suggesting an earlier split of the genus than Phyllonorycter. 

With the phylogeny obtained (Kawahara et al. 2011; De Prins & Kawahara 2012; Regier et al. 2013) we are 

beginning to understand the evolutionary diversification and patterns that suggest certain taxonomic changes 

within the Lithocolletinae clade. The emphasis is on genera because they are considered as monophyletic groups 

around which we can organize our understanding about Lithocolletinae diversity. We consider the generic rank 

within Lithocolletinae as having little meaning other than signifying the monophyletic group that includes other 

monophyletic groups circumscribing the appropriate subordinate rank taxa (Kitching et al. 2005). Here we propose 

the eleventh known genus of Lithocolletinae which is endemic to the Palaearctic and which shares striking external 

similarities with Phyllonorycter, but is nevertheless genetically, morphologically and behaviourally distinct. 

Members of this new genus were referred to in previous publications as Lithocolletis helianthemella Herrich-

Schäffer, 1861 and L. cistifoliella Groschke, 1944 (De Prins & De Prins 2013 and the references therein). We 

provide a detailed, illustrated diagnoses and description of the genus and its two constituent species, (one of which 
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is restored from synonymy), distributional and natural history data, a molecular phylogenetic analysis, and a 

comparison of the observed inferred evolutionary patterns of the new genus with other phylogenetic lineages. 

Material and methods

Morphological studies. The morphological terminology of adults, male and female genitalia follows Vári (1961), 

Klots (1970), Kumata (1963; 1993, 1995), Kuznetzov (1981) and the Handbook of Zoology (Kristensen 2003). In 

addition specific larval and pupal structures are described using the terminology of Stehr (1987), Davis & Deschka 

(2001), Davis & De Prins (2011) and Davis et al. (2013). Although Kristensen (2003: 103) suggested the use of the 

term ‘phallus’, we follow Vári (1961) and Kumata (1963; 1993; 1995) to ensure the continuous stability in the 

terminology of Lithocolletinae. Abbreviations of wing veins follow Kumata (1993, 1995). Observations of 

morphological structures were carried out with Wild and Leica MZ12.5 stereomicroscopes (magnification 10–95×) 

and with a Leica DMLB microscope under magnifications of 150×, 200×, and 400× each equipped with a digital 

micrometer for measurement of lengths. Genitalia were prepared following the methods of Robinson (1976) with 

some modifications (Triberti 2007). Genital morphology was examined using a Leica DMLB microscope under 

magnifications of 75× and 100×. Drawings of internal structures were prepared using digital photographs taken 

with a camera connected to a light microscope. A composite genitalia image was created using Auto-Montage 

Syncroscopy. Wing venation slides were prepared following Vári (1961) and applying modifications suggested by 

Hoare (2000). Scanning Electron Microscopy (SEM) imaging was used on some larvae and male genitalia which 

were dried in HMDS, gold coated using a Jeol JFC-1300 Auto fine Coater and examined with a Jeol 6480 LV 

electron scanning microscope. 

Taxonomic material. We designate the primary types and indicate different labels by numbers in square 

brackets (e.g., [1], [2]). The first record for host plant, parasitoid and distribution is provided. The institutional 

insect collection codes are in accordance with Evenhuis (2013), as follows:

BMNH Natural History Museum, London, UK;

FSMC Florida Museum of Natural History, Gainesville, USA;

MSNV Museo Civico di Storia Naturale, Verona, Italy; 

RMNH Netherlands Biodiversity Centre Naturalis, Leiden, the Netherlands;

WJDP Collection of Willy and Jurate De Prins, Leefdaal, Belgium;

ZMHB Museum für Naturkunde der Humboldt-Universität, Berlin, Germany;

ZSM Zoologische Staatssammlung, Munich, Germany.

Phylogenetic analysis. For a molecular phylogeny of Lithocolletiinae, a total of 27 species were included as 

in-group taxa. These represent eight genera from the ten (except Porphyrosela and the monobasic 

Protolithocolletis) which are currently known. A monophyly of Gracillariidae was well documented by Kawahara 

et al. (2011). Therefore, our outgroup sampling was restricted within Gracillariidae. Six outgroups chosen for our 

analyses represent two other gracillariid subfamilies: Gracillariinae (4 spp.) and Phyllocnistinae (2 spp.). For 19 of 

the included species, their sequence data came from Kawahara et al. (2012). For the remaining taxa (14 spp.), the 

specimens were processed for DNA extraction at Akito Kawahara’s Lab, Florida Museum of Natural History, 

University of Florida, Gainesville, following Regier’s et al. (2008) protocol. 

The sequences considered for our study consisted of eleven nuclear genes, totaling 8,838 bp: Gelsolin (552

bp), Histidyl tRNA synthetase (447 bp), AMP deaminase (768 bp), Glucose phosphate dehydrogenase (621 bp), 

Acetyl-coA carboxylase (501 bp), Pyrimidine biosynthesis (CAD: 2,913 bp), Dopa-decarboxylase (708 bp),

Enolase (1,134 bp), Elongation factor-1 alpha (519 bp), Histone 3 (273 bp), and Wingless (402 bp). These are the 

same as the ten gene set plus Wingless chosen by Kawahara et al. (2012) on the basis of their high amplification 

success rate and phylogenetic utility. The primers for these genes are provided in Regier et al. (2008). The prepared 

sequences for each gene were translation-aligned, edited, assembled, and concatenated using Geneious 6.1.6 

(Biomatters Ltd.). The final dataset included 21.3% of missing data. GenBank accession numbers are listed in 

Appendix 1.

Phylogenetic analyses were conducted under Maximum Likelihood (ML) criterion as implemented in GARLI 
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2.0 (Zwickl 2011). We used jModelTest (Posada 2008) to determine the best substitution model for our dataset 

which was identified as GTR+G+I, i.e., the General-Time-Reversible model with among-site rate variation 

accommodated using a gamma distribution plus separate estimation of a proportion of invariable sites. Default 

settings from the NCBI web resources (available at www.molecularevolution.org) were used for the tree-searching 

and bootstrapping with GARLI. The best ML tree from 150 independent search replicates was saved and visualized 

using FigTree v.1.3.1 (Rambaut 2009). To evaluate nodal supports, bootstrap (BP) values were calculated from 800 

and 500 pseudoreplicates for the concatenated and single-gene datasets respectively. For purposes of discussion,

we will refer to BP values of 70–79% as ‘‘moderate’’, 80–89% as ‘‘strong’’, and 90% as ‘‘very strong’’ support.

Systematics

Triberta De Prins gen. nov.

Type species: Lithocolletis cistifoliella Groschke, 1944, by present designation.

Triberta is assigned to the subfamily Lithocolletinae on the basis of eleven nuclear genes and the following 

putative morphological synapomorphies: hindwing vein Rs parallel to vein M at the basal half of wing; adults rest 

parallel to surface, adult head with occipital tuft; internal feeding of all larval instars within the mine.

Diagnosis. According to the phenotypic, biological and ecological characters Triberta resembles other genera 

of Lithocolletinae, but according to the wing venation it is the closest to the monotypical Nearctic genus 

Protolithocolletis Braun, 1929. We define Triberta as a genus-group taxon of the clade Triberta + Macrosaccus + 

(Leucanthiza + Chrysaster) (Fig. 01). The ecological trait defining Triberta is that pupation occurs outside the mine 

(a trait shared with Chrysaster and Leucanthiza) in a transparent oval-shaped and slightly raised cocoon (Fig. 59). 

In contrast the pupation of Cameraria occurs within an upperside blotch mine under a flat circular cocoon while in 

Protolithocolletis “the pupa and its cocoon are invariably found within the mine” (Braun 1929: 39). The last instar 

larva of Chrysaster spins an ellipsoid silken cocoon at the edge of a contracted leaf (Kumata 1961) and the larva of 

Leucanthiza weaves its cocoon on some substance on the surface of the ground (Clemens 1859). The shape and 

structure of this cocoon spinning clearly separates the new genus Triberta from the latter two genera Chrysaster

and Leucanthiza. In addition to the ecological and molecular characters, Triberta may be distinguished from all 

remaining lithocolletine genera by the combination of the following morphological diagnostic traits: the forewing 

pattern with three white fasciae or chevrons strongly angulated at midline, or rows edged basally and apically (a 

trait easily differentiating Triberta from Cameraria and Cremastobombycia, where fasciae typically are black 

margined distally); occipital tuft developed like in most Lithocolletinae genera but different from Chrysaster and 

Leucanthiza where vertex is smooth (Figs 60, 61). Wing venation is similar in that of Protolithocolletis in retaining 

7 apical veins in forewing: R
2
, R

3
, R

4
, R

5
, M

1
, M

2+3
, Cu

1
 (R

1
 rudimentary), the cell between R

5
 and M

1
 open, but 

different from Cameraria, Phyllonorycter and Porphyrosela which have only five or four apical veins. The 

hindwing venation is similar to Cremastobombycia, Hyloconis, Porphyrosela and Protolithocolletis in the presence 

of M
2+3;

 this vein is lost in Cameraria, Chrysaster, Leucanthiza, Macrosaccus, Neolithocolletis and Phyllonorycter

(Fig. 03). Sternum VIII in males forms a characteristic flap, laying under the valvae like in many Lithocolletinae 

genera except Chrysaster, Leucanthiza, Macrosaccus and Protolithocolletis, a trait easily differentiating Triberta

from the latter genera. In Cameraria sternum VIII often bifid caudally, while in Triberta it is shaped like a broad 

triangle (Figs 04, 06, 21). Uncus fused with tegumen to form a single sclerite (Kuznetzov 1981) (Fig. 08). The 

apical part of tegumen in the male genitalia with two apical setae like in Cameraria (Figs 05, 09). Apex of tegumen 

is setose in remaining nine lithocolletine genera except Phyllonorycter. Ventral surface of valvae in Triberta 

covered with long hair-like setae (Fig. 06), anellus strongly developed, tubular in many species of Cameraria, 

however differently from Cameraria, Macrosaccus, Leucanthiza and Protolithocolletis saccus in being simple, not 

prominent; aedoeagus is rather short, ca. 2/3 of valval length, bifurcate at coecum, a trait easily differentiating 

Triberta from all remaining lithocolletine genera; transtilla in Triberta incomplete like in the great majority of 

Cameraria species and Hyloconis (Figs 06–09, 16–19). In the female genitalia (Figs 22–25), papillae anales are 

semi-circular, not flattened like as in Cameraria and Porphyrosela, with the clearly visible separation of papillae 

caudally; two pairs of apophyses present, the trait evidently separating the new genus from Porphyrosela. The 
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latter genus has only one pair of apophyses. Ostium bursae opens at subanterior area of segment VIII, the trait 

differentiating the new genus from Cameraria, Cremastobombycia, Phyllonorycter and Porphyrosela; in most 

species of the latter genera the ostium bursae opens at the posterior margin of segment VII (Cameraria, 

Cremastobombycia, Porphyrosela) or in different locations within segment VII (Phyllonorycter); ductus bursae 

long, narrow, corpus bursae spherical, signa confined to 1–2 moderately sclerotized oval areas—these traits are 

shared with many lithocolletine genera but not with Porphyrosela, which has no signum, and not with 

Macrosaccus and Neolithocolletis, where the signum area consists of numerous microscopic spicules scattered on 

the wall of corpus bursae or arranged in linear series on subcaudal part of corpus bursae. Larva constructs an 

abaxial mine (Figs 56–58). Larva of Triberta is of ‘cylindrical’-type like that in Phyllonorycter and clearly 

different from Cameraria, the genus whose larva belongs to the ‘flat’-type group (Chambers 1878; Chapman 1902; 

Braun 1908). As was noted by Stehr (1987) in lepidopteran leaf miners the mandibles and hypopharynx provide 

diagnostic structures that are useful for generic diagnoses. Davis et al. (2013) indicated that in tissue feeding 

gracillariid larvae the anterior margin and dorsal surface of hypopharynx are highly diagnostic: the hypopharynx of 

larval Cremastobombycia bears a transverse series of six, relatively large, spinose, digitate lobes (Davis et al. 2013: 

Figs 13–15). The hypopharynx of tissue-feeding Phyllonorycter larvae possesses a series of over 20 much smaller, 

curved, smooth spines (Davis & Deschka 2001: Figs 56–58). The hypopharynx of the two non-feeding larval 

instars in Cameraria is mostly smooth and without anterior spines (De Prins et al. 2003: Fig. 10; Davis et al. 2013). 

The ventral surface of the last instar larva of Triberta is covered with hypopharyngeal striations, which 

differentiates the latter genus from Cameraria, Cremastobombycia and Phyllonorycter. Pupa without cremaster in 

Triberta and remaining eight lithocolletine genera, except in Phyllonorycter and Porphyrosela. The cremaster is 

well-defined in Phyllonorycter and reduced, consisting of four little hooks, in Porphyrosela (Bentancourt & 

Scatoni 2007). A thickened sclerotized ridge present along the lateral sides of pupal A1–8, in Triberta, which 

differentiates the new genus from Phyllonorycter and Cameraria. In the latter genera this lateral cuticle 

sclerotization is absent. Pupation occurs outside the mine, an ecological trait shared only with Chrysaster and 

Leucanthiza; and in a transparent oval-shaped and slightly raised cocoon. Members of the new genus Triberta are 

known to feed exclusively on Cistaceae. Triberta also differs from Phyllonorycter and Cameraria in a 

concatenated dataset of eleven nuclear gene sequences. 

To facilitate the assignment of lithocolletine moths to Triberta, a summary of the foregoing diagnoses is 

provided: Adult: 1) wing venation: presence of 7 terminal veins in forewing, presence M
1
 and M

2
 in hind wing like 

in Protolithocolletis; 2) male genitalia: sternum VIII developed, saccus undeveloped, a pair of setae on apex of 

tegumen, aedoeagus bifurcate at coecum; 3) female genitalia: ostium bursae opens in subanterior area of segment 

VIII; compact signum on corpus bursae present. Larva: 4) feeds on Cistaceae, differing from all other genera of 

Lithocolletinae; hypopharynx of last instar larva covered with striations. Pupa: 5) pupation outside the mine; pupa 

with lateral cuticle sclerotization and without cremaster. Molecular: 6) Triberta is not nested within two well-

supported clades Phyllonorycter+Cremastobombycia and Cameraria.

Description. Adult (Figs 02, 06–25). Small moths, forewing length ca. 2.5–4.5 mm. 

Head. Vertex plate joined with frontoclypeus, head tufted with erect long piliform scales, whitish posteriorly, 

ochreous anteriorly; frons covered with appressed, smooth, shiny white scales with ochreous apices; eyes large, 

ocular index ca. 0.6–0.7, interocular index ca. 1.0. Antenna ca. 20% shorter than forewing, smooth scaled, filiform; 

scape short, thickened, bearing pecten of different lengths, flagellomere 1 ca. 1.6× shorter than scape, flagellomere 

2 ca. 10% longer than flagellomere 1. Proboscis developed, naked, of medium length, ca. 1.7× length of labial 

palpus. Maxillary palpus small, rudimentary, two-segmented, apical maxillary palpomere almost globular. Labial 

palpus moderate, porrect, filiform, drooping, straight, with ratio of labial palpomeres from base 1.0:1.8:2.0(Fig. 

02).

Thorax: Forewing length 2.5–4.5 mm; forewing ground colour beige-ochreous with intermixture of dark 

brown and white fasciae or chevrons which are highly variable in angulation and width; white markings are edged 

on both sides basally and apically; fringe very long, particularly at dorsal margin, reaching width of wing in 

forewing and ca. 3× width of wing in hindwing; fringe of hindwing very long, exceeding 4× width of hindwing. 

Descaled forewing lanceolate, slender, and with strongly acute apex. Venation with 10 veins, distal margin with 7 

veins R
2
, R

3
, R

4
, R

5
, M

1
, M

2+3
, Cu

1; 
R

1
 is rudimentary, M is forked to form M

1
 and M

2+3
, Cu

1
 separate, CuP indistinct 

(fold) over entire length, A
1
 strong, separate; discal cell is open with absence of crossvein between R

5
 and M

1
 and 

with weak connection between R
2
 and R

3
. Hindwing lanceolate, maximum width/hindwing length is 0.15, venation 
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5 veined; Sc very short, terminating near base of costa; Rs very long, extending almost to apex of hindwing; M
1
 and 

M
2
 stalked; basal 2/3 of M

1+2
 indistinct, parallel to Rs; distal part of M

1
 terminates at 0.7 the distance to dorsal 

margin; M
2
 terminates at 0.6 of dorsal margin, Cu

1
 strong, ending at 0.4 of dorsal margin; A

1
 vestigial (Fig. 03).

Frenulum in male is a single stout bristle; frenula in female are two tightly appressed bristles. Legs slender, with 

darker rings; epiphysis on foreleg absent, mid-tibia bearing a pair of tibial spurs; hind tibia thickened, with long 

fine loose hairs, long medial and short apical spurs; hind tarsus smooth, slender, ca. 1.5× as long as tibia.

FIGURE 01. Maximum Likelihood tree of Lithocolletiinae. The numbers above nodes denote the bootstrap nodal supports. 
Only the bootstrap values > 70% are shown. 

FIGURES 02–03. Adult morphology of Triberta helianthemella, Italy, Verona, 25/30.vi.2010, leg. P. Triberti. 02, descaled 
head prep. DP 3797♀. Scale bar 100 µm. 03, wing morphology, descaled wing prep. DP 3809♀. Scale bar 1 mm.
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FIGURES 04–09. Male genitalia of Cameraria and Triberta. 04, Male genitalia of Cameraria ohridella, Belgium, 
Tervuren, 11.v. 2012, leg. E. De Coninck. Scale bar as indicated. 05, same preparation, tegumen with a pair of apical setae. 
Scale bar as indicated. 06, male genitalia of Triberta helianthemella, Austria, North Tirol, 07.xi.1964; prep. DP 3826♂; arrows 
indicate the modified sternum VIII. 07, same preparation, aedoeagus. 08, same preparation, tegumen. 09, same preparation, 
apex of tegumen; arrows indicate a pair of apical setae. Scale bar as indicated.
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FIGURES 10–15. The primary types of Triberta species. 10, the neotype of Lithocolletis cistifoliella Groschke, 1944, male, in 
ZSM. 11, the lectotype of Lithocolletis helianthemella Herrich-Schäffer, 1861, male, in ZMHB. 12, the paralectotype 1 of 
Lithocolletis helianthemella Herrich-Schäffer, 1861, male, in ZMHB. 13, the paralectotype 2 of Lithocolletis helianthemella
Herrich-Schäffer, 1861, male, in ZMHB. 14, the paralectotype 3 of Lithocolletis helianthemella Herrich-Schäffer, 1861, 
female, in ZMHB. 15, the paralectotype 4 of Lithocolletis helianthemella Herrich-Schäffer, 1861, female, in ZMHB. Scale bar 
1 mm.

Abdomen. Anterior margins of abdomen with narrow opening and sclerotized, becoming slightly broader 

towards S2; the sclerotized anterior margin of the abdomen well connected on T2 and unconnected on S2 or 

weakly joined by V-shaped narrow sclerotized connection; S2 apodemes of median length, ending well beyond the 

abdominal opening, slender, with barbed bases, very slender distally; a pair of sclerotized T2 apodemes initiate at 

the lateral connection corner of abdominal opening, with broad sclerotized bases, slightly shorter than S2 

apodemes. A pair of tiny sublateral-medial spicules present on each abdominal sternum. Sternum VIII in adult 

males developed, flap-like, extended, more or less triangular caudally (Figs 06, 16, 19, 21).
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Male genitalia (Figs 16–19). Tegumen rather long, with a pair of subapical setae. Tuba analis sometimes 

significantly protruded. Valvae symmetrical, setose. Transtilla incomplete. Vinculum developed, crescent or 

trapezium shaped, without prominent saccus. Anellus developed, strongly sclerotized, tubular, broader at base; 

juxta present. Aedoeagus ca. ¼ shorter than valva, relatively complex, with bifurcated coecal end and gradually 

tapering towards slender apex; cornuti absent. 

FIGURES 16–21. Male genitalia of Triberta species. 16, Lithocolletis cistifoliella Groschke, 1944, male, neotype, prep. 
TRB3554♂, in ZSM. 17, Lithocolletis helianthemella Herrich-Schäffer, 1861, male, lectotype, prep. TRB3935♂, in ZMHB. 
18, Lithocolletis helianthemella Herrich-Schäffer, 1861, male, paralectotype, prep. TRB3945♂, in ZMHB. 19, Valva of 
Triberta helianthemella, male, Italy, Verona, 25/30.vi.2010, leg. P. Triberti, prep. TRB3552♂, in MSNV. Scale bar 100 µm. 20, 
abdomen opening of Lithocolletis helianthemella Herrich-Schäffer, 1861, male, lectotype, prep. TRB3935♂, in ZMHB. Scale 
bar 200 µm. 21, sternum VIII of Lithocolletis helianthemella Herrich-Schäffer, 1861, male, lectotype, prep. TRB3935♂, in 
ZMHB. Scale bar 100 µm.
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Female genitalia (Figs 22–25). Papillae anales rounded caudally, not connected laterally. Segment VIII short, 

well connected to segment VII. Posterior apophyses without basal plate, but thickened basally and gradually acute 

apically; anterior apophyses originating from sclerotized basal plate of segment VIII, similar in form to posterior 

apophyses. Ostium bursae opens at the subanterior region of segment VIII. Ductus bursae very narrow, long with 

sclerotized antrum; ductus seminalis arises ca. midway along ductus bursae (Figs 22, 24). Corpus bursae distinct 

from ductus bursae, globular, with two signa regions: a relatively large speculate-sculptured disc along lateral wall 

of corpus bursae and a strongly sclerotized stellate signum covered with small sharp barbs about midway along the 

opposite wall of corpus bursae (Figs 23, 25). 

FIGURES 22–25. Female genitalia of Triberta species. 22, Triberta cistifoliella, Greece, prep. TRB3559♀. Scale bar 200 µm. 
23, same preparation, signum on corpus bursae, prep. TRB3559♀. Scale bar 100 µm. 24, Triberta helianthemella, Italy, Verona, 
25/30.vi.2010, leg. P. Triberti, prep. DP3807♀. Scale bar 200 µm. 25, same preparation, signum on corpus bursae, prep. 
DP3807♀. Scale bar 100 µm.
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FIGURES 26–31. Head of late instar larva of Triberta helianthemella, Italy, Verona, 25/30.vi.2010, leg. P. Triberti. 26, frontal 
view. 27, lateral view. 28, mouthparts. 29, mandibles and hypopharynx, ventral view. 30, ventral surface of head. 31, maxillary 
palpus. Scale bar as indicated.

Larva. Last instar larva ca. 3.6 mm long. Head of late instars approximately round with full complement of 

mouthparts (Fig. 26, 29–31); 3 pairs of stemmata arranged per pair: stemmata 1 and 2 in a horizontal row distant 

from each other; stemmata 3 and 4 close to antenna in a vertical row at short distance close to each other; stemmata 

5 and 6 in a vertical row touching each other (Figs 27, 28). Nine setae surround the stemmata of which S3 is very 

short; antenna 3-segmented with second segment moderately long; sensilla as shown in Fig. 31; labrum strongly 

bilobed with raised median part (Fig. 33); M
1
 and M

4
 present; inner perimeter of labrum without spines; the dorsal 

surface of the hypopharynx of the last tissue feeding larval instar is covered with hypopharyngeal striations (Figs 

29–31); ventral surface of head covered with numerous short rough spines; maxillary palpus as shown in Figs 29–

31; median lobe of the maxilla with numerous sensory setae of different lengths. Labial palpus bears two sensory 
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setae: one short seta, ca. 2× longer than apical palpomere and one long seta ca. 4x length of apical palpomere. 

Spinneret a relatively long striate tube (Fig. 29). Thorax with setae XD
1
 and XD

2
, SD

1
 long, immediately ventral to 

XD
2;
 SD

2
 absent on T1; L group of setae long, L

2
 longer than L

1
; dorsal surface of T1 covered with both longer and 

shorter protrubances (Fig. 34); T2 and T3 with long D
1
 and shorter D

2;
 dorsal surface of thoracic segments covered 

with tiny spines (Fig. 35). Legs fully developed, coxae with 4 coxal setae; femur and tibia with very long setae; 

tarsal claw with a sharp spine (Figs 36, 37). Abdomen with bisetose D group on A1–8, unisetose on A9 (Fig. 42). 

Prolegs present on A3–5, 10; crochets consisting of 16 larger hooks arranged in biordinal semicircle and four small 

spines arranged in a row opposite the larger hooks (Figs 38–40); anal prolegs with crochets consisting of ca. 10–12 

rather large hooks arranged in a uniordinal semicircle (Fig. 43). Anal plate with three pairs of setae (Fig. 41).

FIGURES 32–37. Late instar larva of Triberta helianthemella, Italy, Verona, 25/30.vi.2010, leg. P. Triberti. 32, head and 1st

thoracic segment of last instar larva, dorsal view. 33, same preparation, proximal part of head. 34, dorsal surface of T1. 35, 
dorsal surface of T3. 36, legs of late instar larva, latero-ventral view. 37, median thoracic leg, lateral view. Scale bar as 
indicated.
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FIGURES 38–43. Prolegs of Triberta helianthemella, Italy, Verona, 25/30.vi.2010, leg. P. Triberti. 38, ventral view. 39, 
crochets in rest position, ventral view. 40, crochets in open position, ventral view. 41, caudal segments. 42, abdominal segment 
A9, dorsal view. 43, caudal prolegs, ventral view. Scale bar as indicated.

Pupa. Maximum length ca. 2.5 mm, width ca. 0.8 mm; body elongate, compact, relatively flat, narrower over 

last 4 segments (Figs 44–45); color a bright shade of brown. A thickened sclerotized ridge present along the lateral 

sides of A1–8. Head smooth, with two pairs of sockets bearing sensillae (Fig. 46, 47). Vertex furnished with a 

frontal process (cocoon cutter), which is relatively short, broadly triangular, with slightly wrinkled median surface

(Fig. 46). Forewings long, extending to the posterior margin of abdominal segment A6, and contiguous at their 

distal ends (Figs 44, 54). The appendages of antennae longer than forewings and extend up to caudal end of pupa. 

Labium rather long, ca. 1.7× shorter than proboscis. The hind leg sheaths are slightly shorter than antennal 
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appendages (Fig. 54). The distance between the apices of the mesothoracic and metathoracic legs is approximately 

1.46× the distance between the apices of the prothoracic and mesothoracic legs. One pair of dorsal setae is present 

on segments TII–TIII. Abdominal segments A1–5 of more or less equal size, A6–8 strongly decreasing in size. 

Abdominal segments A3–8 covered with dense, minute spines dorsally (Fig. 51); the posterior margin of A1 with a 

wrinkled band (Fig. 50); dorsal surface of each abdominal segment carries a pair of setae, except segment A9 

which lacks setae (Fig. 52). Terminal segment A10 fully covered with small spinaculae (Figs 53, 54); caudal 

surface of A10 without cremaster but with eight tiny protuberances each carrying a tiny nodule (Fig. 55) (Gregor & 

Patočka 2001: 34; Patočka & Turčáni 2005).

FIGURES 44–49. Pupa of Triberta helianthemella, Italy, Verona, 25/30.vi.2010, leg. P. Triberti. 44, ventral view. 45, lateral 
view. 46, pupal head. 47, A pair of frontal sensillae on pupal head. 48, sclerotized ridge on pupal segments A2. 49, sclerotized 
ridge on pupal segments A6-8. Scale bar as indicated.
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FIGURES 50–55. Pupa of Triberta helianthemella, Italy, Verona, 25/30.vi.2010, leg. P. Triberti. 50, dorsal surface of segment 
A1. 51, dorsal surface of segment A8. 52, segments A8-9, lateral view. 53, caudal segment, dorsal view. 54, A10, caudal view. 
55, nodule on caudal protuberance. Scale bar as indicated.

Biology. Larva solitary, feeding exclusively on Cistaceae. Abaxial mine begins as a small corridor that closely 

follows a thick vein of the plant. It continues into a contracted blotch mine that may occupy the entire leaf; mine 

becomes transparent when it is fully grown. The tissue-feeding instars remove mesophyll layers of the leaf, and 

though the mine is formed under the abaxial epidermial layer, from adaxial leaf surface it is visible as a large, 

contiguous brownish blotch (Figs 57, 58). However, in some cases the mine can be formed on adaxial surface (see 

the original description of Lithocolletis cistifoliella here below). Frass distributed either in a row while larva 

crosses the vein or loose in small accumulations. Pupation occurs outside the mine in a transparent cocoon on a 

clean background without excrements (Fig. 59). Biology bivoltine with hibernation as adults is reported.
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Host plants: Cistaceae: Cistus creticus L. (= C. villosus L.) (Klimesch 1956: 215); C. incanus L. (Klimesch 

1956: 215), C. monspeliensis L. (Walsingham 1908: 976), C. salviifolius L. (Groschke 1944: 122). Helianthemum 

chamaecistus Mill. (Hartig 1964: 177), H. nummularium (Cav.) Losa & Rivas Goday (Gregor 1986: 229), H. sp. 

(Eckstein 1933: 163; Weber 1945: 389; Gregor & Povolný 1950: 135; Hartig 1964: 177; Szöcs 1981: 216), H. 

vulgare Gaertn. (Herrich-Schaffer 1861: 20), Tuberaria guttata (L.) Fourr. (Roüast 1884: 138).

FIGURES 56–59. Biology of Triberta helianthemella, Italy, Verona, 25/30.vi.2010, leg. P. Triberti. 56, host plant 
Helianthemum nummularium. 57, mine, adaxial view. 58, excrements of larva in mine, adaxial view. 59, transparent cocoon 
outside the mine. Scale bar 1 mm.

Natural enemies. Eulophidae: Chrysocharis phryne (Walker, 1839) (Noyes 2012), Cirrospilus staryi Bouček, 

1958 (Bouček 1959: 180), Hemiptarsenus ornatus (Nees, 1834) (Noyes 2012), Sympiesis gregori Bouček, 1958 

(Bouček 1959: 131).

Distribution. Triberta is a genus of xerothermic habitats in central and southern Europe, the Mediterranean 

region, and the Canary Islands. 

Austria (Knitschke 1927: 97); Canary Islands: La Palma (Hering 1927), Tenerife (Walsingham 1908: 976); 

Croatia (Wocke 1871: 329); Czech Republic (Nickerl 1894: 29); France (Jourdheuille 1870: 133, 254); Germany 

(Herrich-Schaffer 1861: 20); Greece (Klimesch 1968: 176); Hungary (Szöcs 1981: 216); Italy (Mann 1867: 841), 

Sicily (Amsel 1951: 422), Macedonia (Klimesch 1942: 387); Moldova (Bouček 1961: 21); Serbia (Amsel 1951: 

422); Slovakia (Gregor 1986: 229); Spain (Vives Moreno 1994: 54, 557); Switzerland (Weber 1945: 389); Turkey 

(Stainton 1867: 35).
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FIGURES 60–61. Diagnostic characters in Triberta head vestiture of adults. 60, vertex of the neotype of Lithocolletis 
cistifoliella Groschke, 1944. 61, vertex of the lectotype of Lithocolletis helianthemella Herrich-Schäffer, 1861. Scale bar 100 
µm.

Generic relationships and species diversity. Based on taxa included in our phylogenetic analysis Triberta is 

the sister lineage to the clade Macrosaccus+(Leucanthiza + Chrysaster). The ecological / morphological traits 

shared by these latter genera are as follows: Triberta, Leucanthiza and Chrysaster pupate outside the mine, the 

mine of Triberta and Macrosaccus is blotch abaxial, while Leucanthiza and Chrysaster construct adaxial mines; 

pupa in Triberta without cremaster like in other members of the clade; in the male genitalia, apex of tegumen 

carries one pair of setae, valvae symmetrical, densely setose; sternum VIII in Triberta is caudally extended, the 

character that separates Triberta from the other genera of the clade Chrysaster, Leucanthiza and Macrosaccus; in 

the female genitalia, ductus bursae very slender and long extending to segment V, corpus bursae in most cases 

distinct from ductus bursae and bears a compact signum (signa). 

In addition to the morphological characters mentioned above, a molecular phylogeny based on eleven nuclear 

genes places Triberta apart from Phyllonorycter, Cremastobombycia, and Cameraria (Fig. 01). 

Two species, both Palaearctic, are currently recognized in the new genus Triberta. The circumscription, 

delimitation and delineation of Triberta species will be presented in a separate study.

Etymology. The name Triberta is used as a noun in the nominative singular and feminine gender. This name is 

a patronym in honour of Paolo Triberti, a lepidopterist from the Museo Civico di Storia Naturale, Verona, Italy, 

who revised and studied many groups of Gracillariidae, the lepidopteran family to which the new genus belongs.

Taxonomic account

Triberta cistifoliella (Groschke, 1944), comb. nov.

Lithocolletis cistifoliella—Groschke (1944: 122–124, figs 7, 9) [original description]; Amsel (1951: 422).
Lithocolletis helianthemella—Walsingham 1908: 976 [misidentification of L. cistifoliella], Klimesch 1942: 387 

[misidentification of L. cistifoliella (Klimesch 1956: 215)], 1968: 176; Kuznetzov 1981: 296 [synonymization of L. 
cistifoliella Groschke with L. helianthemella Herrich-Schäffer, the illustration Fig. 272/1 on p. 297 as L. helianthemella is 
a misidentification of L. cistifoliella].

Lithocolletis cisticolella—Hering 1957: 304 [an incorrect subsequent spelling of L. cistifoliella Groschke, 1944 (Klimesch 
1979: 155)].

Phyllonorycter cistifoliella—Klimesch 1979: 155; Vives Moreno 1994: 54; Gaedike et al. 1995: 18; De Prins & De Prins 2005: 
300.
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Translation of the original description: 

[As in the case of Weberina lentiscella spec. nov. where the mine was known years before the insect could be 

identified, a Lithocolletis-mine was known for years to occur on Cistus salvifolius [sic], of which I now describe the 

insect as Lithocolletis cistifoliella spec. n. (fig. 7).

The colour and pattern of the forewing show that the new species is very closely related to Lithocolletis 

helianthemella H.-S. (fig. 8). The forewing is dark golden brown. Forewing with white base, with a sharply broken 

transverse band, and with 3 strongly curved and 1 almost straight, pure white uncinate markings at costa and dorsum 

which are connected to form transverse bands. All white markings and the outer margins are edged with blackish brown, 

basally stronger than distally. A black longitudinal line present distally. Inside the golden brown area, near the corners of 

the transverse bands, not as clearly edged with white and touching the white markings.

Forewing fringes golden brown, externally white.

Hind wings grey, as are the fringes which possess a golden brown luster at their bases.

Head and thorax white with contrasting dark brown tegulae and patagia. Abdomen grey.

Antennae whitish to brownish, not strongly ringed.

Legs white with very strong, brownish black rings.

J. Klimesch, Linz, kindly sent me a drawing of the forewing of Lithocolletis helianthemella H.-S., and this allows 

me to show more easily and clearly the differences between both species. The pure white bases, the more oblique and 

connected white strigulae, and the characteristic apical part, in my opinion, differentiate clearly this Lithocolletis 

cistifoliella from L. helianthemella H.-S., so that captured specimens can also be identified unquestionably to belong to 

one or the other species.

I reared 8 specimens which belong to two separate generations: 5 specimens from 4.xii.1942 to 9.i.1943 and 3 

specimens from 23.vi to 15.vii.1943, and furthermore I caught one specimen flying on Monte Poretta near Taormina on 

2.ix.1942, which is certainly a late specimen of the summer generation.

At the same locality I also found caterpillars of the bred specimens in November–December and in June. They made 

mines (fig. 9) on the underside of the leaves, except in two instances where the mines were on the upperside, without any 

preference of a particular place on the leaf. As typical for this genus, the initial epidermal mines grew to tentiform mines, 

which followed the strong side nerve of the Cistus-leaf. The frass is gathered into a smooth ball. In order to pupate, the 

caterpillar leaves the mine and makes a white, shiny cocoon similar to those in the genus Caloptilia.

This last fact is, apart from the systematic characters, a further biological character that demonstates a relationship of 

the new species with Lith. helianthemella.

The pupal period of both generations is 3–4 weeks.]

Neotype designation. The German lepidopterist Franz Groschke (1914–1956) worked at (or was associated 

with) the Zoological Institute in Tharandt (possibly part of the "Forstliche Hochschule Tharandt"), next to Dresden 

during the war years of his military service in 1940–1944. However his collection was not transferred to the State 

Museum of Zoology (Staatliches Museum für Tierkunde) in Dresden (Matthias Nuss, pers. corr.). The type 

specimens of Lithocolletis cistifoliella are also absent in Stuttgart (Staatliches Museum für Naturkunde Stuttgart) 

where Franz Groschke worked before his death in 1956 (Andreas Zwick, pers. corr.). There is no publication 

except the original description which refers to the type specimens of L. cistifoliella, though significant efforts were 

made to find them by Jozef Wilhelm Klimesch during the preparation of his study “Beiträge zur Kenntnis der 

Microlepidopteren-Fauna des Kanarischen Archipels” (1979). We believe that the type specimens of Lithocolletis 

cistifoliella Groschke 1944 were lost during the last years of the second world war or the years after the war, and 

could not be traced despite the efforts of the curators from Staatliches Museum für Tierkunde in Dresden and 

Staatliches Museum für Naturkunde in Stuttgart. There is an exceptional need to designate the name bearing type 

under the conditions specified by the ICZN Art. 75: (1) the neotype is designated with the express purpose to 

clarify the taxonomic status of closely related species within the new genus Triberta and to restore the species 

Lithocolletis cistifoliella Groschke 1944 from synonymy; (2) we present the diagnosis of the valid species L. 

cistifoliella and its bibliographic references; (3) label data are presented to ensure the recognition of the specimen 

designated; (4) we state that the neotype is consistent with what it is known of Lithocolletis cistifoliella Groschke, 

1944 from the original description and the original illustrations (Groschke 1944: 122–124, figs. 7, 9); (5) the 

neotype originates near to the original type locality (ICZN Art. 76.1); (6) we designate as the neotype of 

Lithocolletis cistifoliella Groschke, 1944 the historic male specimen collected and studied by Josef Wilhelm 

Klimesch, who labelled it in the collection as ‘a paralectotypus’, but did not officially designate it as the neotype; 

(7) the deposition of the neotype is the ZSM, a publically recognized scientific institution, that has managed to 

preserve historic Lepidoptera specimens, has proper facilities for preserving this particular name-bearing type for 
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future generations, and assures the accessibility of the neotype of Lithocolletis cistifoliella Groschke, 1944 for 

further studies. 

Here we designate the following male specimen as the neotype of Lithocolletis cistifoliella Groschke, 1944: 

♂, [1] ‘Sicilia, Palermo, S. Martino d. Scale, 1–12.vi.1954, J. Klimesch’; [2] ‘genitalia slide TRB3554♂’, in the 

ZSM (Figs 10, 16).

Additional specimen from the same series: 

♀, ‘Sicilia, Mistretta, Mercuore, 700 m, 21–30.VI.52, J. Klimesch’, in the ZSM.

Remarks: the abdomen of this female specimen is damaged and genitalia are not in condition to be examined.

Triberta helianthemella (Herrich-Schäffer, 1861), comb. nov.

Lithocoiletis helianthemella—Herrich-Schäffer (1860–1862: 20, nr. 89; pl. 18, fig. 115) [an incorrect subsequent spelling of the 
generic name].

Lithocolletis helianthemella—Wocke 1861:127; 1871: 329; Walker 1864: 908; Mann 1867: 841; Stainton 1867: 35; 
Jourdheuille 1870: 133, 254; Chambers 1877: 84; 1878: 150; Staudinger 1880: 412; Steudel & Hofmann 1882: 230; 
Roüast 1884: 138; Nickerl 1894: 29; Disqué 1908: 82; Hering 1927: 463 [mines only], Knitschke 1927: 97; Le Marchand 
1932: 41; 1936: 111; 1939: 258; Eckstein 1933: 163; Klimesch 1942: 387 [a misidentification of L. cistifoliella Groschke, 
see Klimesch 1956: 215); Groschke 1944: 122; Weber 1945: 389; Gregor & Povolný 1950: 135, 140; Amsel 1951: 422; 
Osthelder 1951: 217; Hartig 1956: 136; 1964: 177; Hartwieg 1958: 117; Bouček 1959: 131, 180; 1961: 21; Bradley et al. 
1969: 28; Kuznetzov 1981: 170, 173, 234, 296, 301 (the illustration Fig. 272/1 on p. 297 is a misidentification of L. 
cistifoliella); Szöcs 1981: 216. 

Phyllonorycter helianthemella—Klimesch 1979: 155, 156; Leraut 1980: 62; 1997: 96; Derra 1985: 367; Gregor 1986: 229; 
Laštůvka & Marek 1992: 62; Huemer & Tarmann 1993: 30; Vives Moreno 1994: 54, 557; Gaedike et al. 1995: 18; Buszko 
1996: 52; Gregor & Patočka 2001: 34; Fazekas 2002: 297; Szabóky et al. 2002: 29; Huemer & Triberti 2004: 180; 
Biesenbaum 2005: 23, 140, 141; De Prins & De Prins 2005: 300; Laštůvka & Liška 2005: 6; Huemer & Erlebach 2007: 
272; Pastorális 2008: 95, 101; Patočka & Kulfan 2009: 56; SwissLepTeam 2010: 49; Huemer 2013: 53.

Translation of the original description: 

89. Lithocoiletis [sic] helianthemella m.—f. 115.
[According to my analytical table it is near L. acerifoliella, but certainly different from it. The pattern on the forewing does not 
consist of 3 golden, “broken” transverse bands, edged on both sides with black and basally coloured golden, but of 4 black 
chevrons which do not reach either the costa nor the dorsum; in the apex a black transverse line and a black dot.

The larva mines in September and early October on the underside of Helianthemum vulgare, mainly the larger leaves, in 
rocky, shadow-rich localities near Regensburg. It is 2” long; yellow, with faint green transparent gut; with single, fine hairs; 
head and first 3 legs brownish; head black, last abdominal segments brown; ventral side yellow with central row of brown dots 
(shining gut canal). In mid-September or October it makes an oval, flat, whitish spinning on a leaf in which it pupates after a 
few days before hibernating; from 29 larvae only 1 made its cocoon inside the mine.

The larva of the summer generation is full-grown at the end of June and the adult emerges mid-July; only this have we 
reared thus far, and moreover just 1 specimen, but we await more in springtime (Ottm. Hofmann).]

Lectotype designation. Gottlieb August Wilhelm Herrich-Schäffer (1799–1874) was an occasional insect 

dealer of mainly Lepidoptera, who sold insects either directly or sometimes via Zoologische-Mineralogische 

Verein Regensburg. His private collection via Otto Staudinger and Andreas Bang-Haas was sold in parts and can be 

found in the following museums: 1) via the collection of O. Staudinger to the Museum für Naturkunde der 

Humboldt-Universität, Berlin; 2) via the collection of M. J. Bastelberger to the Zoologische Staatssammlung, 

Munich; 3) via the collections of O. Hofmann and Th. Walsingham to the Natural History Museum, London (Horn 

& Kahle 1935–1937). Five specimens (3 males and 2 females) were found in the collection of ZMHB which 

belonged to the collection of Staudinger, and were identified as ‘helianthemella’ and were collected and reared in 

Regensburg without indication which specimen is the name bearing type. We believe that these five specimens 

were originally collected by Gottlieb August Wilhelm Herrich-Schäffer and sold to Otto Staudinger (Figs 11–15). 

The phenotype of the male specimen bearing the label of the genitalia slide TRB3935♂ most closely resembles the 

original description. Therefore, we designate it as the lectotype (Fig. 11). 
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Here we designate the following male specimen as the lectotype of Lithocolletis helianthemella Herrich-Schäffer, 

1861: 

♂, [1]‘Rgsbg.’[handwritten]; [2]‘ex coll. Staudinger’; [3] genitalia slide TRB3935♂, in ZMHB (Figs 11, 17).

Paralectotypes: 2♂, 2♀:

♂, [1] ‘Regensburg’ [handwritten]; [2] ‘ex coll. Staudinger’; [3] genitalia slide TRB3945♂, in ZMHB (Figs 12, 18)

♂, [1] ‘Regensb’. [handwritten]; [2] ‘ex coll. Staudinger’, in ZMHB (Fig. 13).

Remarks: the sub-triangular shape of the distal half of valva in the male genitalia is variable within the type series 

(Figs 17, 18).

♀, [1] ‘Regensburg’ [handwritten]; [2] ‘ex coll. Staudinger’, in ZMHB (Fig. 14).

♀, [1] ‘Regensburg’ [handwritten]; [2] ‘ex coll. Staudinger’, [3] ‘Coll. Led.’, in ZMHB (Fig. 15).

Key to the species of Triberta based primarily on phenotypic characters of adults, male and female gen-

italia and on larval host plants

1. Vertex of head whitish with slight brownish suffusion posteriorly; in the male genitalia, valva slender, bar-shaped, its median 

width never greater than a quarter of its length; caudal part of sternum VIII sharply triangular; in the female genitalia, signum 

of corpus bursae round, as big as ca. 63×56 µm; host Cistus sp. (Figs 16, 22, 23, 60) . . . . . . . . . . . . . . . . . . . . .  T. cistifoliella

- Vertex of head brown anteriorly and whitish posteriorly; in the male genitalia, valva with central part enlarged, its median 

width never less than one third of its length; caudal part of sternum VIII broadly roundish; in the female genitalia, signum of 

corpus bursae not round, as big as ca. 32×21 µm; host Helianthemum sp. (Figs 17–19, 21; 24, 25, 61). . . . .  T. helianthemella

Discussion

The position of Triberta helianthemella within Lithocolletinae was not strongly supported in our ML phylogenetic 

tree. We think that this problem is due to the insufficient phylogenetic signals from the sampled 11 genes. Our 

single gene trees showed no meaningful supports (>70% BP) except CAD and also no significant signal conflict 

regarding the placement of Triberta among the trees. Our molecular phylogeny, however, supported the 

distinctiveness of Triberta from Phyllonorycter. A larger dataset than ours would be necessary to resolve the 

relationships of Triberta with other lithocolletine genera.

The especially diverse genus Phyllonorycter Hübner, 1822, presently including 428 species among its 

numerous and well-defined species groups (Pierce & Metcalfe 1935; Kumata 1963, 1973; Deschka 1975; Davis & 

Deschka 2001; Kuznetzov & Baryshnikova 2004, 2006; Triberti 2007; De Prins & Kawahara 2012), has 

traditionally harboured several previously described lithocolletine species with disputable taxonomic affinities or 

life histories. The first division of the genus Phyllonorycter was suggested by Chapman (1902) based on 

observations of the morphology of larvae made by the American lepidopterist Chambers, who discovered two 

types of larvae within the then known lithocolletine species: a ‘cylindrical-larva group’ (group I), and a ‘flat-larva 

group’ (group II). For the latter taxon the generic rank Cameraria Chapman, 1902 was proposed. The search and 

discovery of diagnostic differences in the morphology of pre-imaginal stages became important for the systematics 

of Lithocolletinae, and diagnoses based on pre-imaginal stages have remained the key-argument for generic 

delineation within this subfamily for more than a hundred years later. Referring to an apomorphy found on the 

pupal sternum 7, Davis & De Prins (2011) proposed the new genus Macrosaccus and transferred to this new genus 

the Nearctic M. robiniella (Clemens, 1859), an invasive species to Europe, and two other New World species M. 

morrisella (Fitch, 1859) and M. uhlerella (Fitch, 1859), which were formerly assigned to Phyllonorycter. In the 

hundred years of taxonomic history following the first separation of the genus Cameraria Chapman, 1902 from 

Phyllonorycter Hübner, 1822, the subsequent erections of several new lithocolletine genera: Cremastobombycia 

Braun, 1908, Porphyrosela Braun, 1908, Protolithocolletis Braun, 1929, Chrysaster Kumata, 1961, Hyloconis 

Kumata, 1963, Neolithocolletis Kumata, 1963 and Macrosaccus Davis & De Prins, 2011, were based on the 

combined data of adult morphology, pre-imaginal stages, and life history obtained from many rearing experiments 

and meticulous observations. 

Host specificity within the Lithocolletinae genera differs greatly: members of Phyllonorycter and Cameraria

exploit a wide range of host plants worldwide, while species belonging to the remaining lithocolletine genera, 
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including Triberta, are specialized to feed on plants belonging only to a single family and, furthermore, occur in 

biotopes which are biogeographically restricted. Interspecific differences of microstructures within the adult 

genitalia can be observed in most lithocolletine genera (Opler & Davis 1981; Kumata 1993, 1995; Davis & 

Deschka 2001; Kuznetzov & Baryshnikova 2004, 2006; Davis & De Prins 2011; Davis et al. 2013; De Prins & 

Kawahara 2012). However, within Porphyrosela the species are most readily detectable based on wing pattern (De 

Prins & Kawahara 2012). The intraspecific phenotypic characters are variable in Triberta while the micro-

morphological design of genitalia is stable and shows a ‘primitive’ morphology (Gregor & Povolný 1950). 

Therefore, we follow the historic approach of species delimitation within this new genus of Lithocolletinae, 

thereby attempting to avoid taxonomic inflation (Braby et al. 2012). The interspecific differences presented here 

are based on morphology, ecology and biogeography. Although a closer examination of the species of Triberta

revealed previously unrecognized morphological and ecological differences, future identification on species level 

will probably have to rely on the combination of diagnostic ecology, micro-morphological characters, and 

molecular-based DNA technology, which will possibly speed up the process of species recognition and delineation.

Morphology has provided the basis for the classification of the subfamily Lithocolletinae (Davis & Robinson 

1998), but the use of morphologic characters is complex and encompasses many difficulties: (i) few unambiguous 

synapomorphies; (ii) questionable character homology; (iii) paucity of characters; (iv) intraspecific polymorphism 

and phenotypic plasticity. The approach to compare and integrate morphological and molecular data sets including 

multi-gene sets and micromorphological and microstructural characters (Davis & De Prins 2011; De Prins & 

Kawahara 2012) may provide a solution to the problem and should help to clarify the obscure inter-relationships of 

the Lithocolletinae genera. For example, until recently, the genus Leucanthiza has been considered as belonging to 

Gracillariinae (De Prins & De Prins 2005), but following the genetic markers, wing venation characters and genital 

micromorphology it has now been firmly placed within Lithocolletinae (Kawahara et al. 2011). All 11 known 

lithocolletine genera are characterized by vein Rs running nearly parallel to vein M
1
 or M

1+2
 in the basal half of the 

hindwing (Kumata 1993; Davis & Robinson 1998). The present study shows that ecology, morphology and 

molecular approaches should be very cautiously applied for the delimitation of lithocolletine species / species 

complexes in cases of rapid radiation of host plants (Guzmán & Vargas 2005; Stevens 2012). Once lithocolletine 

species have been circumscribed, only then can clearly redefined diagnostic characters involving morphological, 

ecological and / or molecular (full mitochondrial genomes or COI barcode as a marker tool for species ID) data be 

applied for detecting and resolving Triberta species among the available vouchers of Lepidoptera. 

Conclusions

Our study provides three main contributions towards a more effective classification of the lithocolletine moths: (i) 

the robust molecular analysis presented here clearly separates the genus Triberta from Phyllonorycter, increasing 

the total number of genera within the subfamily of Lithocolletinae to eleven; (ii) the molecular data are 

corroborated with morphologically diagnostic generic characters representing different stages of ontogenetic 

development of the moths and strengthened by information on their biology; (iii) the taxonomy of the species 

assigned to the new genus is clarified and the primary name bearing types are designated. The new genus Triberta

has probably originated from Palaearctic ancestors, but more thorough search, particularly in North and Central 

America and in the fragmented Cistaceae rich islands in the Andes, the African Horn and Central Asia could reveal 

a different evolutionary history. Samples from all the available Cistaceae host plants over their vast distribution 

would contribute greatly towards a more complete picture of the inter-/ intraspecific diversity within this 

Cistaceae-associated genus.

Mitochondrial genes and especially the COI gene are often suggested for species identification and 

delimitation. Most of these studies dealt with specimens collected within the last decade. However, the historic 

collections of most museums often possess great amounts of voucher specimens of new or taxonomically very 

important taxa which were collected by former generations of lepidopterists dating back sometimes more than a 

hundred years. These specimens play a significant role in fine tuning-species delimitation approaches and provide 

the information for filling major gaps in our knowledge. In this study we have tried to combine the evidences of 

generic traits with those of historic voucher specimens. In order to accurately circumscribe the species, we have 

designated primary types from specimens collected as long ago as 150 years.
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Remarks. This paper echoes the findings of V. T. Chambers (1877, 1878) published in the second volume of 

Psyche, a journal of Entomology, in which Chambers, based on his detailed study of larval morphology of the then 

known American lithocolletine species, for the first time suggested the possible division of the lithocolletine genus 

Phyllonorycter. V. T. Chambers, unfortunately, did not officially formulate his findings according to the rules of the 

ICZN, and therefore, following the Principle of Priority (Art. 23) the lithocolletine genus Cameraria, which in fact 

was discovered and studied by Chambers, was attributed officially to Chapman (1902). One hundred and thirty six 

years later, in the present publication, we delineate one more lithocolletine genus Triberta and remove both of its 

constituent species from the genus Phyllonorycter.

Acknowledgements

Wolfram Mey (Museum für Naturkunde der Humboldt-Universität, Berlin) is kindly acknowledged for allowing us 

to study the historic Triberta specimens from the Staudinger collection and for information on additional Triberta

specimens present in the collection under his care. We thank very much Andreas Zwick (Staatliches Museum für 

Naturkunde Stuttgart) for his kind assistance in searching for the types of Lithocolletis cistifoliella and for very 

valuable information on the biography of Franz Groschke (1914–1956). Matthias Nuss (Staatliches Museum für 

Tierkunde) in Dresden is sincerely thanked for the most valuable information on the deposition of specimens from 

the collection of the Forstliche Hochschule in Tharandt. Bernard Landry (Muséum d’histoire naturelle, Genève) 

was kind to donate the male specimen of Triberta which served to record SEM photographs of the last abdominal 

segments. We cordially thank David Wagner (University of Connecticut) for his helpful suggestions on the 

delimitation of the new genus Triberta. We also thank both reviewers for their highly pertinent comments and 

suggestions. Financial support was obtained from the Belgian Science Policy Office to the first author.

References

Amsel, H.G. (1951) Una raccolta di Microlepidotteri della Dalmazia meridionale. Redia, 36, 411–422.
Arrington, J.M. & Kubitzki, K. (2003) Cistaceae. In: Kubitzki, K. (Ed.), The families and genera of vascular plants IV. 

Flowering Plants. Dicotyledons. Malvales, Capparales and Non-betalain Caryophyllales. Springer, Berlin, pp. 62–70.
http://dx.doi.org/10.1007/978-3-662-07255-4_15

Batista, F., Baňares, A., Caujapé-Castells, J., Carqué, E., Marrero-Gómez, M. & Sosa, P.A. (2001) Allozyme diversity in three 
endemic species of Cistus (Cistaceae) from the Canary Islands: intraspecific and interspecific comparisons and 
implications for genetic conservation. American Journal of Botany, 88 (9), 1582–1592.
http://dx.doi.org/10.2307/3558402 

Bentancourt, C.M. & Scatoni, I.B. (2007) Morphology and biology of Porphyrosela minuta Clarke 1953 (Lepidoptera: 
Gracillariidae, Lithocolletinae) in Uruguay. Neotropical Entomology, 36 (4), 514–519.
http://dx.doi.org/10.1590/s1519-566x2007000400005

Biesenbaum, W. (2005) Die lepidopterenfauna der Rheinlande und Westfalens. Familie: Gracillariidae Stainton, 1854. 
Unterfamilie: Lithocolletinae Stainton, 1854. Band 12. Arbeitsgemeinschaft Rheinisch-Westfälischer Lepidopterologen 
e.V. mit Unterstützung der Nordrhein-Westfalen Stiftung Naturschutz, Heimat- und Kulturpfege, Leverkusen, 208 pp., 11 
pls.

Bosch, J. (1992) Floral biology and pollinators of three co-occurring Cistus species (Cistaceae). Botanical Journal of the 
Linnean Society, 109 (1), 39–55.
http://dx.doi.org/10.1111/j.1095-8339.1992.tb00257.x

Bouček, Z. (1959) A study of Central European Eulophidae, I: Eulophinae (Hymenoptera), II: Diaulinopsis and Cirrospilus
(Hymenoptera). Acta Entomologica Musei Naturalis Pragae, 33, 117–194.

Bouček, Z. (1961) Notes on the chalcid fauna (Chalcidoidea) of Moldavian SSR. Trudy Moldavskogo Nauchno-
Issledovatel'skogo Instituta Sadovodstva, Vinogradarstva i Vinodeliya, 7, 21.

Bourquin, F. (1962) Microlépidopteros nuevos con sus biologías. Revista de la Sociedad Entomologica Argentina, 23 (1960), 
31–46.

Braby, M.F., Eastwood, R. & Murray, N. (2012) The subspecies concept in butterflies: has its application in taxonomy and 
conservation biology outlived its usefulness? Biological Journal of the Linnean Society, 106 (4), 699–716.
http://dx.doi.org/10.1111/j.1095-8312.2012.01909.x

Bradley, J.D., Jacobs, S.N.A. & Tremewan, W.G. (1969) A key to the British and French species of Phyllonorycter Hübner 
(Lithocolletis Hübner) (Lep. Gracillariidae). Entomologist's Gazette, 20, 3–33.
DE PRINS ET AL. 222  ·  Zootaxa 3741 (2)  © 2013 Magnolia Press

http://dx.doi.org/10.1007/978-3-662-07255-4_15
http://dx.doi.org/10.2307/3558402
http://d
http://dx.doi.org/10.1111/j.1095-8339.1992.tb00257.x
http://dx.doi.org/10.1111/j.1095-8312.20


Braun, A.F. (1908) Revision of the North American species of the genus Lithocolletis Hübner. Transactions of the American 
Entomological Society, 34, 269–357, pls xx–xxiv.

Braun, A.F. (1914) Evolution of the color pattern in the microlepidopterous genus Lithocolletis. Journal of the Academy of 
Natural Sciences, Philadelphia, 16, 103–168, pls iii–iv.

Braun, A.F. (1929) A new genus and species in the Gracillariidae (Microlepidoptera). Canadian Entomologist, 61 (2), 38–39.
http://dx.doi.org/10.4039/ent6138-2

Brito, R., Gonçalves, G.L., Vargas, H.A. & Moreira, G.R.P. (2012) A new species of Phyllocnistis Zeller (Lepidoptera: 
Gracillariidae) from southern Brazil, with life-history description and genetic comparison to congeneric species. Zootaxa, 
3582, 1–16.

Busck, A. (1910) New Central-American Microlepidoptera introduced into the Hawaiian islands. Proceedings of the 
Entomological Society of Washington, 12, 132–135.

Buszko, J. (1996) Gracillariidae. In: Karsholt, O. & Razowski, J. (Eds.), Lepidoptera of Europe. A Distributional Checklist. 
Apollo Books, Stenstrup, pp. 48–54.

Carine, M.A., Russell, S.J., Santos-Guerra, A. & Francisco-Ortega, J. (2004) Relationships of the Macaronesian and 
Mediterranean floras: molecular evidence for multiple colonization of the continent in Convolvulus (Convolvulaceae). 
American Journal of Botany, 91 (7), 1070–1085.
http://dx.doi.org/10.3732/ajb.91.7.1070

Chambers, V.T. (1871) Micro-Lepidoptera. Canadian Entomologist, 3, 54–58, 84–88, 108–112, 127–130, 146–149, 161–166, 
182–185, 205–209, 221–224.

Chambers, V.T. (1877) Notes upon the American species of Lithocolletis. Psyche, a Journal of Entomology, 2, 81–87.
http://dx.doi.org/10.1155/1877/47986

Chambers, V.T. (1878) On larvae of Tineina, especially of Lithocolletis. Psyche, a Journal of Entomology, 2, 137–153.
http://dx.doi.org/10.1155/1878/20853

Chapman, T.A. (1902) The classification of Gracilaria [sic] and allied genera. Entomologist, an Illustrated Journal of British 
Entomology, 35, 81–88, 138–142, 159–164.

Clemens, B. (1859) Contribution to American Lepidopterology. No. 2. Proceedings of the Academy of Natural Sciences of 
Philadelphia, 1859, 317–328.

Davis, D.R. & De Prins, J. (2011) Systematics and biology of the new genus Macrosaccus with descriptions of two new species 
(Lepidoptera, Gracillariidae). ZooKeys, 98, 29–82.
http://dx.doi.org/10.3897/zookeys.98.925

Davis, D.R. & Deschka, G. (2001) Biology and systematics of the North American Phyllonorycter leafminers on Salicaceae, 
with a synoptic catalog of the Palearctic species (Lepidoptera: Gracillariidae). Smithsonian Contributions to Zoology, 614, 
1–89.
http://dx.doi.org/10.5479/si.00810282.614

Davis, D.R. & Robinson, G.S. (1998) The Tineoidea and Gracillarioidea. In: Kristensen, N.P. (Ed.), Lepidoptera, moths and 
butterflies. Volume 1: Evolution, systematics, and biogeography. Handbuch der Zoologie IV (35). Walter de Gruyter, 
Berlin, New York, pp. 91–117.

Davis, D.R. & Wagner, D.L. (2011) Biology and systematics of the New World Phyllocnistis Zeller leafminers of the avocado 
genus Persea (Lepidoptera, Gracillariidae). ZooKeys, 97, 39–73.
http://dx.doi.org/10.3897/zookeys.97.753

Davis, D.R., Diaz, R. & Overholt, W. (2013) Systematics and biology of Cremastobombycia chromolaenae, new species 
(Gracillariidae), a nocturnal enemy of Chromolaena odorata (L.) King and H. Robinson (Asteraceae). Journal of the 
Lepidopterists' Society, 67, 35–41.

De Prins, J. & De Prins, W. (2013) Global Taxonomic Database of Gracillariidae (Lepidoptera). Royal Museum for Central 
Africa & Belgian Biodiversity Platform. Available from: http://www.gracillariidae.net (accessed 24 May 2013)

De Prins, J. & Kawahara, A.Y. (2012) Systematics, revisionary taxonomy, and biodiversity of Afrotropical Lithocolletinae 
(Lepidoptera: Gracillariidae). Zootaxa, 3594, 1–283.

De Prins, J., De Prins, W. & De Coninck, E. (2003) The pupal morphology of Cameraria ohridella compared with that of the 
genus Phyllonorycter (Lepidoptera: Gracillariidae). Journal of Pest Science, 76, 145–150.
http://dx.doi.org/10.1007/s10340-003-0009-2

De Prins, W. & De Prins, J. (2005) Gracillariidae (Lepidoptera). In: Landry, B. (Ed.), World catalogue of insects. Volume 6. 
Apollo Books, Stenstrup, 502 pp.

Derra, G. (1985) Records of the Lepidoptera of Greece based on the collections of G. Christensen and L. Gozmány: XI, 
Lithocolletidae. Annales Musei Goulandris, 7, 359–367.

Deschka, G. (1975) Blattminierende Lepidopteren aus dem Nahen und Mittleren Osten. I. Teil. Zeitschrift der 
Arbeitsgemeinschaft Österreichischer Entomologen, 26 (1974), 41–46.

Disqué, H. (1908) Versuch einer microlepidopterologischen Botanik. Deutsche Entomologische Zeitschrift "Iris", Dresden, 21, 
34–147.

Eckstein, K. (1933) Die Schmetterlinge Deutschlands mit besonderer Berücksichtigung ihrer Biologie und wirtschaftlichen 
Bedeutung. 5. Band Die Kleinschmetterlinge Deutschlands. K. G. Lutz Verlag, Stuttgart, 223 pp., 32 pls.
 Zootaxa 3741 (2)  © 2013 Magnolia Press  ·  223CISTACEAE-FEEDING LITHOCOLLETINAE (GRACILLARIIDAE)

http://dx.doi.org/1
http://dx.doi.org/10.3732/ajb.91.7.1070
http://dx.doi.org/10.1155/1877/47986
http://dx.doi.org/10.1155/1878/20853
http://dx.doi.org/10.3897/zookeys.98.925
http://dx.doi.org/10.5479/si.00810282.614
http://dx.doi.org/10.3897/zookeys.97.753
http://dx.doi.org/10.1007/s10340-003-0009-2


Ellul, P., Boscaiu, M., Vicente, O., Moreno, V. & Rosselló, J.A. (2002) Intra- and interspecific variation in DNA content in 
Cistus (Cistaceae). Annals of Botany, 90 (3), 345–351.

Evenhuis, N.L. (2013) The insect and spider collections of the world website. Bishop Museum. Available from: http://
hbs.bishopmuseum.org/codens/ (accessed 27 May 2013)

Falchi, A., Paolini, J., Desjobert, J.-M., Melis, A., Costa, J. & Varesi, L. (2009) Phylogeography of Cistus creticus L. on 
Corsica and Sardinia inferred by the TRNL-F and RPL32-TRNL sequences of cpDNA. Molecular Phylogenetics and 
Evolution, 52 (2), 538–543.
http://dx.doi.org/10.1016/j.ympev.2009.04.002

Fazekas, I. (2002) Systematisches und synonymisches Verzeichnis der Microlepidopteren Ungarns (Lepidoptera: 
Microlepidoptera). Folia historico naturalia Musei Matraensis, 26, 289–327. 

Frey, H. & Boll, J. (1873) Nordamerikanische Tineen. Entomologische Zeitung, 34, 201–224.
Frey, H. & Boll, J. (1876) Einige Tineen aus Texas. Entomologische Zeitung, 37, 209–228. 
Gaedike, R., Hättenschwiler, P., Triberti, P. & Zangheri, S. (1995) Lepidoptera Tineoidea I. In: Minelli, A., Ruffo, S. & La 

Posta, S. (Eds.), Checklist delle species della fauna Italiana. Edizioni Calderini, Bologna, 81, pp. 1–19.
Gregor, F. (1986) Faunistic records from Czechoslovakia, Lepidoptera. Acta Entomologica Bohemoslovaca, 83, 229–230.
Gregor, F. & Patočka, J. (2001) Die Puppen der mitteleuropäischen Lithocolletinae (Insecta: Lepidoptera: Gracillariidae). 

Mitteilungen des internationalen entomologischen Vereines e.V., Suppl. 8, 1–177.
Gregor, F. & Povolný, D. (1950) The members of Lithocolletis Hb. mining Acer and Alnus. Folia Entomologica Hungarica, 13, 

129–151.
Grimaldi, D. & Engel, M.S. (2005) Evolution of the Insects. Cambridge University Press, Cambridge, New York, Melbourne, 

Madrid, Singapore, São Paulo, xv, 755 pp.
Groschke, F. (1944) Neues über Minierer aus dem Mittelmeergebiet. Mitteilungen der Münchner Entomologische Gesellschaft, 

34, 115–124.
Guzmán, B. & Vargas, P. (2005) Systematics, character evolution, and biogeography of Cistus L. (Cistaceae) based on ITS, 

trnL-trnF, and matK sequences. Molecular Phylogenetics and Evolution, 37 (3), 644–660.
http://dx.doi.org/10.1016/j.ympev.2005.04.026

Hartig, F. (1956) Prodromus dei Microlepidotteri della Venezia Tridentina e delle regioni adiacenti. Studi Trentini di Scienze 
Naturali, Rivista del "Museo di Storia Naturale della Venezia Tridentina", 33, 89–148.

Hartig, F. (1964) Microlepidotteri della Venezia Tridentina e delle regioni adiacenti. Parte III. (Fam. Gelechiidae - 
Micropterigidae). Studi Trentini di Scienze Naturali, Rivista del "Museo di Storia Naturale della Venezia Tridentina", 41, 
1–292.

Hartwieg, F. (1958) Die Schmetterlingsfauna des Landes Braunschweig und seiner Umgebung einschließlich des Harzes, der 
Lüneburger Heide und des Sollings. Forschungsanstalt für Landwiryschaft, Braunschweig, 148 pp.

Hering, E.M. (1957) Bestimmungstabellen der Blattminen von Europa einschliesslich des Mittelmeerbecken und der 
Kanarischen Inseln. Uitgeverij Dr. W. Junk, ’s-Gravenhage, 1185 pp.

Hering, M. (1927) Die Minenfauna der Canarischen Inseln. Zoologische Jahrbücher, Abteilung für allgemeine Zoologie und 
Physiologie, 53, 405–486.

Herrich-Schäffer, G.A.W. (1860–1862) Neue Schmetterlinge aus Europa und den angrenzenden Ländern. Heft I-III. 
Regensburg, 32 pp, 171 figs of imago, mines, 14 figs of larvae.

Hoare, R.J.B. (2000) A new genus of primitive Nepticulidae (Lepidoptera) from eastern Australia, with a revised diagnosis of 
nepticulid subfamilies. Zoological Journal of the Linnean Society, 128 (3), 289–317.
http://dx.doi.org/10.1006/zjls.1998.0189

Horn, W. & Kahle, I. (1935–1937). Über entomologische Sammlungen, Entomologen & Entomo-Museologie. Entomologische 
Beihefte, Band 2–4, i–vi, 1–536, 38 pls.

Huemer, P. (2013) Die Schmetterlinge Österreichs (Lepidoptera). Systematische und faunistische Checkliste. Tiroler Landes 
Museen, Innsbruck, 304 pp.

Huemer, P. & Erlebach, S. (2007) Schmetterlinge Innsbrucks Artenvielfalt einst und heute. Universitätsverl Wagner, Innsbruck, 
319 pp.

Huemer, P. & Tarmann, G. (1993) Die Schmetterlinge Österreichs (Lepidoptera). Systematisches Verzeichnis mit 
Verbreitungsangaben für die einzelnen Bundesländer. Veröffentlichungen des Tiroler Landesmuseums Ferdinandeum, 73, 
1–224.

Huemer, P. & Triberti, P. (2004) Lepidotteri. In: Il Monte Pastello. Memorie del Museo Civico di Storia Naturale di Verona. 2 
Serie. Monografie naturalistiche, 1, pp. 177–208.

International Commission on Zoological Nomenclature (1999) International Code of Zoological Nomenclature. International 
Trust for Zoological Nomenclature, London, 306 pp. Available from: http://www.nhm.ac.uk/hosted-sites/iczn/code/ 
(accessed 5 November 2013) 

Jourdheuille, C. (1870) Calendrier du microlépidopteriste. Recherche des Chenilles. Annales de la Société entomologique de 
France, (Sér 4) 10, 111–134, 233–266.

Kawahara, A.Y., Ohshima, I., Kawakita, A., Regier, J.C., Mitter, C., Cummings, M.P., Davis, D.R., Wagner, D.L., De Prins, J. 
& Lopez-Vaamonde, C. (2011) Increased gene sampling strengthens support for higher-level groups within leaf-mining 
moths and relatives (Lepidoptera: Gracillariidae). BMC Evolutionary Biology, 11, 182.
http://dx.doi.org/10.1186/1471-2148-11-182
DE PRINS ET AL. 224  ·  Zootaxa 3741 (2)  © 2013 Magnolia Press

http://www.nhm.ac.uk/hosted-sites/iczn/code/
http://www.nhm.ac.uk/hosted-sites/iczn/code/
http://dx.doi.org/10.1016/j.ympev.2009.04.002
http://dx.doi.org/10.1016/j.ympev.2005.04.026
http://dx.doi.org/10.1006/zjls.1998.0189
http://dx.doi.org/10.1186/1471-2148-11-182


Kitching, I.J., Forey, P.L., Humphries, C.J. & Williams, D.M. (2005) The theory and practice of parsimony analysis. Oxford 
University Press, Oxford, New York, 228 pp.

Klimesch, J. (1942) Über Microlepidopteren-Ausbeuten aus der Gegend von Zaton bei Gravosa (Süddalmatien). Mitteilungen 
der Münchner Entomologische Gesellschaft, 32, 347–399, pls. xiv–xv.

Klimesch, J. (1956) Über einige für die Mazedonische Fauna bemerkenswerte Microlepidopteren. Fragmenta Balcanica, 1 
(27), 209–219.

Klimesch, J. (1968) Die Lepidopterenfauna Mazedoniens. IV. Microlepidoptera. Prirodonaucen muzej Skopje, 1–203.
Klimesch, J. (1979) Beiträge zur Kenntnis der Microlepidopteren-Fauna des Kanarischen Archipels. 2. Beitrag: 

Bucculatricidae, Gracillariidae, Phyllocnistidae, Lyonetiidae. Vieraea, Folia Scientiarum Biologicarum Canariensium, 8 
(1978), 147–186.

Klots, A.B. (1970) Lepidoptera. In: Tuxen, S.L. (Ed.), Taxonomist's glossary of genitalia in insects. (Second revised and 
enlarged edition). Munksgaard, Copenhagen, pp. 115–130.

Knitschke, A. (1927) Über das Genus Lithocolletis. Zeitschrift des Österreichischen Entomologen-Vereines, 12, 95–98. 
Kristensen, N.P. (2003) Skeleton and muscles: adults. In: Kristensen, N.P. (Ed.), Lepidoptera, moths and butterflies. Vol. 2. 

Morphology, physiology, and development. Handbook of Zoology IV (36). Walter de Gruyter, Berlin, New York, pp. 39–
131.

Konzalova, M. (1967) Paleontologicke zprava klokalite. Archiv Geoindustria, Geofond, Prague. [no pagination]
Kumata, T. (1961) Descriptions of a new genus and a new species of Gracillariidae from Japan (Lepidoptera). Insecta 

Matsumurana, part I, 24, 52–56.
Kumata, T. (1963) Taxonomic studies on the Lithocolletinae of Japan (Lepidoptera: Gracillariidae). Insecta Matsumurana, part 

I, 25, 53–90, part II, 26, 1–48.
Kumata, T. (1973) On the genus Phyllonorycter or Lithocolletis from Central Nepal, with descriptions of twelve new species - 

notes on Gracillariidae (Lepidoptera) of Nepal. Insecta Matsumurana, N. S., 1–45, 4 pls.
Kumata, T. (1993) A contribution to the knowledge of the Malaysian Lithocolletinae (Gracillariidae, Lepidoptera), with a 

revision of Indian Cameraria associated with Leguminosae. Insecta Matsumurana, N. S., 48, 1–85.
Kumata, T. (1995) Some species of the subfamily Lithocolletinae (Gracillariidae, Lepidoptera) collected in the Philippines. 

Insecta Matsumurana, N. S., 52, 105–131.
Kuznetzov, V.I. (1981) Fam. Gracillariidae (Lithocolletiidae) — leaf blotch miners. In: Medvedev, G.S. (Ed.), A guide to the 

insects of the European part of the USSR. Lepidoptera. Vol. 4. Lepidoptera. Part 2. Nauka, Leningrad, pp. 149–311.
Kuznetzov, V.I. & Baryshnikova, S.V. (2004) Evolutionary-morphological approach to the systematics of leafminers of the 

genus Phyllonorycter Hbn. (Lepidoptera, Gracillariidae) with account of species feeding specialization. 
Entomologicheskoe Obozrenie, 83, 625–639.

Kuznetzov, V.I. & Baryshnikova, S.V. (2006) Systematics of the gracillariid moth genus Phyllonorycter Hübner (Lepidoptera, 
Gracillaridae) trophically associated with plants of the family Ulmaceae. Entomologicheskoe Obozrenie, 85, 618–631.

Labandeira, C.C., Dilcher, D.L., Davis, D.R. & Wagner, D.L. (1994) Ninety-seven million years of angiosperm insect 
association: Paleobiological insights into the meaning of coevolution. Proceedings of the National Academy of Sciences of 
the U.S.A., 91 (25), 12278–12282.
http://dx.doi.org/10.1073/pnas.91.25.12278

Laštuvka, Z. & Marek, J. (1992) Motýli Slovenského krasu (Lepidoptera). Zprávy Ceskoslovenské Spolecnosti Entomologick‚ 
pri CSAV, 28, 61–69.

Laštuvka, Z. & Liška, J. (2005) Checklist of Lepidoptera of the Czech Republic (Insecta: Lepidoptera). Department of Zoology, 
Fisheries, Hydrobiology and Apiculture, Mendel University of Agriculture and Forestry, Brno, 39 pp.

Le Marchand, S. (1932) A propos de quelques Lithocolletis. L'Amateur de Papillons, 6, 41–48.
Le Marchand, S. (1936) Clé ou table analytique pour la détermination des espèces françaises de Lithocolletis (Famille des 

Gracilariidae [sic]). L'Amateur de Papillons, 8, 83–118. 
Le Marchand, S. (1939) Les Gracillariidae (Tineina). Revue française de Lépidopterologie, 9, 251–258.
Leraut, P. (1980) Liste systématique et synonymique des lépidoptères de France, Belgique et Corse. Paris, 334 pp. 
Lopez-Vaamonde, C., Godfray, H.C.J., West, S.A., Hansson, C. & Cook, J.M. (2003) Evolutionary dynamics of host-plant use 

in a genus of leaf-mining moths. Evolution, 57 (8), 1804–1821.
http://dx.doi.org/10.1111/j.0014-3820.2003.tb00588.x

Lopez-Vaamonde, C., Wikström, N., Labandeira, C., Godfray, C.J., Goodman, S.J. & Cook, J.M. (2006) Fossil-calibrated 
molecular phylogenies reveal that leaf-mining moths radiated millions of years after their host plants. Journal of 
Evolutionary Biology, 19 (4), 1314–1326.
http://dx.doi.org/10.1111/j.1420-9101.2005.01070.x

Mann, J. (1867) Schmetterlinge, gesammelt im Jahre 1867 in der Umgebung von Bozen und Trient in Tyrol. Verhandlungen der 
kaiserlich-königlichen zoologisch-botanischen Gesellschaft in Wien, 17, 829–844.

Mutanen, M., Wahlberg, N. & Kaila, L. (2010) Comprehensive gene and taxon coverage elucidates radiation patterns in moths 
and butterflies. Proceedings of the Royal Society, series B Biological Sciences, 277 (1695), 2839–2848.
http://dx.doi.org/10.1098/rspb.2010.0392

Nickerl, O. (1894) Catalogus insectorum faunae bohemicae III. Die Kleinschmetterlinge (Microlepidoptera) Böhmens. Verlag 
der Physiokratischen Gesellschaft, Prag, i–vi,1–38.
 Zootaxa 3741 (2)  © 2013 Magnolia Press  ·  225CISTACEAE-FEEDING LITHOCOLLETINAE (GRACILLARIIDAE)

http://dx.doi.org/10.1073/pnas.91.25.12278
http://dx.doi.org/10.1111/j.0014-3820.2003.tb00588.x
http://dx.doi.org/10.1111/j.1420-9101.2005.01070.x
http://dx.doi.org/10.1098/rspb.2010.0392


Noyes, J.S. (2012) Universal Chalcidoidea Database. Natural History Museum, London. Available from: http://
www.nhm.ac.uk/chalcidoids (accessed 29 May 2013)

Opler, P.A. & Davis D.R. (1981) The leafmining moths of the genus Cameraria associated with Fagaceae in California 
(Lepidoptera: Gracillariidae). Smithsonian Contributions to Zoology, 333, i–iii, 1–58.
http://dx.doi.org/10.5479/si.00810282.333

Osthelder, L. (1951) Die Schmetterlinge Südbayerns und der angrenzenden nördlichen Kalkalpen. II. Teil. Die 
Kleischmetterlinge. 2. Heft. Glyphipterygidae bis Micropterygidae. Mitteilungen der Münchner Entomologische 
Gesellschaft, 41, 113–250.

Palibin, I.V. (1909) Cistaceae. In: Kuznetsov, N., Bush, N. & Fomin, A. (Eds.), Materialy dlia flory Kavkaza : kriticheskoe 
sistematichesko-geograficheskoe izsliedovanie, 3, pp. 117–123.

Palmer, W.A. & Pullen, K.R. (1995) The phytophagous arthropods associated with Lantana camara, L. Hirsuta, L. Urticifolia
and L. Urticoides (Verbenaceae) in North America. Biological Control, 5, 54–72.

Pastorális, G. (2008) A checklist of Microlepidoptera occured [sic] in the territory of Hungary, No 2 (Lepidoptera: 
Microlepidoptera). Acta Naturalia Pannonica, 3, Suppl. 2, 82–160.

Patočka, J. & Kulfan, J. (2009) Lepidoptera of Slovakia, bionomics and ecology. VEDA, vydavatelstvo Slovenskej akademie 
vied, Bratislava, 312 pp.

Pierce, F.N. & Metcalfe, J.W. (1935) The genitalia of the Tineid families of the Lepidoptera in the British Isles. (Reprint 1968). 
Private edition, reprint E. W. Classey Ltd., Oundle, Middlesex, xxii, 113 pp., 68 pls.

Polunin, O. & Huxley, A. (1974) Flowers of the Mediterranean. Chatto and Windus, London, 260 pp.
Polunin, O. (1997) Flowers of Greece and the Balkans. Oxford University Press, Oxford, 592 pp., 63 pls.
Posada, D. (2008) jModelTest: Phylogenetic Model Averaging. Molecular Biology and Evolution, 25 (7), 1253–1256.

http://dx.doi.org/10.1093/molbev/msn083
Rambaut, A. (2009) FigTree v1.3.1. Available from: http://tree.bio.ed.ac.uk/software/figtree (accessed 25 January 2010)
Regier, J.C. (2008) Protocols, concepts, and reagents for preparing DNA sequencing templates. V. 12/4/08. Available from: 

http://www.umbi.umd.edu/users/jcrlab/PCR_primers.pdf (accessed 25 January 2010).
Regier, J.C., Shultz, J.W., Ganley, A.R.D., Hussey, A., Shi, D., Ball, B., Zwick, A., Stajich, J.E., Cummings, M.P., Martin, J.W. 

& Cunningham, C.W. (2008) Resolving arthropod phylogeny: exploring phylogenetic signal within 41 kb of protein-
coding nuclear gene sequence. Systematic Biology, 57 (6), 920–938.

Regier, J.C., Mitter, C., Zwick, A., Bazinet, A.L., Cummings, A.L., Kawahara, A.Y., Sohn, J.-C., Zwickl, D.J., Cho, S., Davis, 
D.R., Baixeras, J., Brown, J., Parr, C., Weller, S., Lees, D.C. & Mitter, K.T. (2013) A large-scale, higher-level, molecular 
phylogenetic study of the insect order Lepidoptera (moths and butterflies). PLoS ONE, 8 (3), e58568.
http://dx.doi.org/10.1371/journal.pone.0058568

Robinson, G.S. (1976) The preparation of slides of Lepidoptera genitalia with special reference to the Microlepidoptera. 
Entomologist's Gazette, 27, 127–132.

Roüast, G. (1884) Catalogue des chenilles européennes connues. Annales de la Société linnéenne de Lyon, N. S., 30 (1883), 70–
152.

Schönfelder, I. & Schönfelder, P. (1994) Mittelmeer- und Kanarenflora. Kosmos, Stuttgart, 304 pp.
Sohn, J.-C., Labandeira, C.C., Davis, D. & Mitter, C. (2012) An annotated catalog of fossil and subfossil Lepidoptera (Insecta: 

Holometabola) of the world. Zootaxa, 3286, 1–132.
Sohn, J.-C., Regier, J.C., Mitter, C., Davis, D., Landry, J.-F., Zwick, A. & Cummings, M.P. (2013) A molecular phylogeny for 

Yponomeutoidea (Insecta, Lepidoptera, Ditrysia) and its implications for classification, biogeography and the evolution of 
host plant use. PLoS ONE, 8 (1), e55066.
http://dx.doi.org/10.1371/journal.pone.0055066

Stainton, H.T. (1867) The Tineina of Syria and Asia Minor. John van Voorst, London, 84 pp.
Staudinger, O. (1880) Lepidopteren-Fauna Kleinasien's (Fortsetzung). Horae Societatis Entomologicae Rossicae, 15, 159–435.
Stehr, F.W. (1987) Immature Insects. Kendall Hunt Publishing Company, Dubuque, Iowa, 754 pp.
Steudel, W. & Hofmann, E. (1882) Verzeichniss württembergischer Kleinschmetterlinge. Jahreshefte des Vereins für 

vaterländische Naturkunde in Württemberg, 38, 143–262.
Stevens, P.F. (2012) Angiosperm Phylogeny Website. Version 12, July 2012. University of Missouri. Available from: http://

www.mobot.org/MOBOT/research/APweb/ (accessed 23 May 2013)
Swezey, O.H. (1910) Some new species of Hawaiian Lepidoptera. Proceedings of the Hawaiian Entomological Society, 2, 103–

143, 3 pls.
Swezey, O.H. (1913) Leaf-miners of the Hawaiian Islands. Proceedings of the Hawaiian Entomological Society, 2, 221–227.
Swezey, O.H.(1928) Some new species of lepidopterous leaf-miners in Hawaii. Proceedings of the Hawaiian Entomological 

Society, 7, 187–191.
SwissLepTeam (2010) Die Schmetterlinge (Lepidoptera) der Schweiz. Eine kommentierte, systematisch-faunistische Liste. 

Centre suisse de cartographie de la faune Schweizerische Entomologische Gesellschaft, 349 pp.
Szabóky, C., Kun, A. & Buschmann, F. (2002) Checklist of the fauna of Hungary. Volume 2. Microlepidoptera. Hungarian 

Natural History Museum, Budapest, 184 pp.
Szöcs, J. (1981) Angaben über die minierenden Motten aus Budapest und Umgebung. Folia Entomologica Hungarica, 42, 

209–220.
DE PRINS ET AL. 226  ·  Zootaxa 3741 (2)  © 2013 Magnolia Press

http://dx.doi.org/10.5479/si.00810282.333
http://dx.doi.org/10.1093/molbev/msn083
http://dx.doi.org/10.1371/journal.pone.0058568
http://dx.doi.org/10.1371/journal.pone.0055066


The Plant List (2010) Royal Botanic Gardens, Kew. Available from: http://www.theplantlist.org/ (accessed 30 May 2013)
Thompson, J.D. (2005) Plant Evolution in the Mediterranean. Oxford University Press, Oxford, 288 pp.
Triberti, P. (2007) The Phyllonorycter species from Palaearctic Region feeding on Rosaceae (Lepidoptera, Gracillariidae). 

Bollettino del Museo Civico di Storia Naturale di Verona, 31, 147–221.
Vári, L. (1961) South African Lepidoptera. Vol. I. Lithocolletidae. Transvaal Museum Memoir, 12, 1–238, 112 pls.
Vives Moreno, A. (1994) Catalogo sistematico y sinonimico de los lepidopteros de la Peninsula Iberica y Baleares (Insecta: 

Lepidoptera) (segunda parte). Secretaria General Tecnica, Ministerio de Agricultura, Pesca y Alimentacion, Madrid, 775 
pp.

Walker, F. (1864) List of the specimens of Lepidopterous insects in the collection of the British Museum. Part 30. Tineites. 
Order of the trustees, London, 1096 pp.

Walsingham, Lord (Thomas de Grey) (1908) Microlepidoptera of Tenerife. Proceedings of the Zoological Society of London, 
(1907), 911–1034, pls 51–53.
http://dx.doi.org/10.1111/j.1469-7998.1907.tb06964.x

Walsingham, Lord (Thomas de Grey) (1914) Insecta. Lepidoptera-Heterocera. Tineina, Pterophorina, Orneodina, and 
Pyralidina and Hepialina (part.). Biologia Centrali-Americana, Lepidoptera-Heterocera, 4, 225–392, pls 9–10.

Weber, P. (1945) Die Schmetterlinge der Schweiz. Mitteilungen der Schweizerischen Entomologischen Gesellschaft, 19, 347–
408.

Wocke, M.F. (1861) Microlepidoptera. In: Staudinger, O. & Wocke, M.F. (Eds.), Catalog der Lepidopteren Europa's und der 
angrenzenden Länder. O. Staudinger, und in der Königl. Hofbuchhandlung von Hermann Burdach, Dresden, 192 pp.

Wocke, M.F. (1871) Microlepidoptera. In: Staudinger, O. & Wocke, M.F. (Eds.), Catalog der Lepidopteren des europaeischen 
Faunengebiets. O. Staudinger, und in der Königl. Hofbuchhandlung von Hermann Burdach, Dresden, 426 pp.

Zimmerman, E.C. (1978) Superfamily Gracillarioidea (Stainton). Insects of Hawaii, 9, i-xviii, 1–881. 
Zwickl, D.J. (2011) GARLI 2.0. Available from: http://code.google.com/p/garli (accessed 3 May 2011)
 Zootaxa 3741 (2)  © 2013 Magnolia Press  ·  227CISTACEAE-FEEDING LITHOCOLLETINAE (GRACILLARIIDAE)

http://dx.doi.org/10.1111/j.1469-7998.1907.tb06964.x

	Abstract
	Introduction
	Material and methods
	Systematics
	Triberta De Prins gen. nov.
	Taxonomic account
	Triberta cistifoliella (Groschke, 1944), comb. nov.
	Triberta helianthemella (Herrich-Schäffer, 1861), comb. nov.
	Key to the species of Triberta based primarily on phenotypic characters of adults, male and female genitalia and on larval host plants
	Discussion
	Conclusions
	Acknowledgements
	References


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

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


