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Abstract

This study identifies the number of named and described species of three monotrysian, plant-mining lepidopteran families 
worldwide: Nepticulidae and Opostegidae (Nepticuloidea), and Tischeriidae (Tischerioidea). At the end of 2021, we 
estimated that a total of 1000 Nepticulidae species, 197 Opostegidae species, and 170 Tischeriidae species have been 
described since the taxonomic practice of describing species began in the 18th century. We examine and discuss the history 
of descriptions and authorship of species worldwide for each of the three families. We found that the total (accumulative) 
number of species described increased with each time period delineated. About five new species were described per year 
on average, or about 22 new species were described per year in the 21st century. We recognize researchers with the most 
number of described species in these three taxa.
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Introduction

Inventorying biodiversity. Hundreds of new species are discovered every year (Davis 2020), but many Earth’s spe-
cies still await description. The task to inventory and monitor global biodiversity is huge (Zhang 2008, 2011; Cutko 
2009; La Salle et al. 2009; Pereira et al. 2010; Wheeler et al. 2012a, 2012b), and the speed is far from sufficient 
(Schmeller et al. 2017). Closing this knowledge gap, also known as the Linnean shortfall (Brito 2010; Hortal et al. 
2015) or Wallacean shortfall (Hortal et al. 2015), will require a strong, renewed effort in exploration and taxonomy, 
as well as the continuing effort to catalogue existing biodiversity data in publicly available databases (Mora et al. 
2011). The availability and quality of such information is essential to understand how global biota function (Pereira 
et al. 2010), particularly in the face of the current biological annihilation and sixth major extinction event (Ceballos 
et al. 2017). The description of new species and assembling data about their biology, and trophic or other relation-
ships, are fundamental tasks to the knowledge about endangered biodiversity on our planet (Dubois 2011; Crisci et 
al. 2020). This task is within the field of biological systematics or taxonomy and has the ultimate goal of document-
ing and realizing the extent (and significance) of biological diversity (Vane-Wright 1992, 1996). We need a clearer 
understanding of the total number of species (Larsen 2017), both on terrestrial and aquatic habitats, to reveal the 
structure and function of ecosystems (May 2011). 

Moreover, the inventory of species diversity is often limited to the best-known groups of organisms such as 
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vascular plants and larger vertebrates, and too little attention is paid to the remaining 80–90% of biodiversity com-
ponents (Puplesis 2002; Hawksworth 2011), such as the world’s smallest moths (Lepidoptera). Data about these 
tiny lepidopterans, along with other organisms, are tools for prompt action on measures to preserve biodiversity and 
provide support for hypotheses about the early genesis of the Earth’s biota (Stonis et al. 2020b). On the other hand, 
data about larvae of the leaf-mining Lepidoptera can also be useful during the Anthropocene because they are pests 
or potential pests of wild and cultivated plants (Kuznetzov & Puplesis 1994; Stonis et al. 2019c, 2021a).

Although plant-mining (including leaf-mining) Lepidoptera are widespread throughout the world, the Palaearc-
tic fauna alone comprises about 35 lepidopteran families (Puplesis 1992), of which, at least some representatives, 
are associated with a mining habit in photosynthetic plant tissues. Some leaf miners are called optional, or faculta-
tive, miners because their larvae are miners only during the first instars of their development (e.g., almost all species 
of Bucculatricidae and some species of Incurvariidae, Adelidae, some Gracillariidae, Momphidae, coleophoridae, 
Gelechiidae, cosmopterigidae, Alucitidae, epermeniidae, plutellidae, Yponomeutidae, Argyresthiidae, pterophori-
dae, Pyralidae, Crambidae, Choreutidae). Another category is the obligatory, or mandatory miners or “true miners” 
because mining occurs during the entire period of the larva’s lifetime (e.g., Eriocraniidae, Heliozelidae, Nepti-
culidae, Opostegidae, tischeriidae, Acrolepiidae, most species of Lyonetiidae, some Gracillariidae, coleophori-
dae, cosmopterigidae, some species of Incurvariidae, Momphidae, epermeniidae, Glyphipterigidae, Douglasiidae, 
Pterophoridae). Among some leaf-mining families, there are only a few species associated with a mining habit, such 
as in the Crambidae (Solis et al. 2005), whereas in some families, species that mine make up 100% of the family. 
For example, as far as is known, in the Palaearctic, all species of Bucculatricidae are optional miners and all species 
of Nepticulidae, Tischeriidae, and Acrolepiidae are obligatory miners (Puplesis 1992). Meanwhile in the Palaearctic 
Gracillariidae, about 1/3 of the species are optional miners and about 2/3 are mandatory (puplesis 1992).

Although in terms of taxonomy, miners are abundant and diverse, the most “popular” and most intensively 
investigated families of 100%-miners are Gracillariidae, Bucculatricidae, Nepticulidae, Opostegidae, tischeriidae. 
Gracillariidae and Bucculatricidae are briefly discussed below, followed by the focus of this paper, Nepticulidae, 
Opostegidae, and Tischeriidae.

Bucculatricidae, or ribbed cocoon makers, is a cosmopolitan family (excluding New Zealand) currently com-
prising about 300 described species globally. Historically, the first described species currently classified as Buc-
culatricidae is Bucculatrix frangutella (Goeze, 1783). thus, the history of the family’s research spans nearly 240 
years. Most of the Bucculatricidae species have been discovered and described by the following authors: E. Mey-
rick (about 50 species worldwide), A. F. Braun (nearly 70 species from the Nearctic), Lord Walsingham (about 
10 species worldwide), G. Deschka (about 10 species predominantly from europe). Many new species have also 
been described by authors from Russia, mainly by S. Baryshnikova (formerly Seksjaeva) who described 30 species 
(Kuznetzov et al. 1988; Seksjaeva 1989, 1992, 1996; Baryshnikova 2001, 2005, 2007, 2013). Recently, interesting 
research data from Africa, including descriptions of new species, were published by W. Mey (see citations in De 
Prins & De Prins 2012–2021), Japan (Kobayashi et al. 2010), China (Liao et al. 2019; Liu & Wang 2019; Wang et 
al. 2020), and the Neotropical region (Davis et al. 2002; Vargas & Moreira 2012).

Gracillariidae, or leaf blotch miner moths, is a cosmopolitan family currently comprising about 2000 described 
species globally. the greatest contribution to knowledge and inventory of Gracillariidae is provided by the unique 
database (De Prins & De Prins 2012–2021) including all available taxonomic information on this family, as well 
as an exhaustive bibliography. Historically, the first described species currently classified as Gracillariidae is Phyl-
lonorycter rajella (Linnaeus, 1758). Thus, the history of the family research spans over 260 years. Most of the 
Gracillariidae species have been discovered and described by the following authors: e. Meyrick (about 600 spe-
cies), T. Kumata (nearly 160), L. Vári (more than 100 species); many others having described more than 50 species 
each (e.g., Lord Walsingham, A. F. Braun). About 30 new species have also been described by authors from Russia 
(Gerasimov 1930, 1931, 1933; Kuznetzov 1960, 1975, 1979a, 1979b; ermolaev 1977, 1981, 1986; Kuznetzov & 
Baryshnikova 2000, 2001; Kirichenko et al. 2018, 2019). Recently, some interesting research data, including nu-
merous descriptions of new species, were published from the Afrotropical region by Jurate De Prins (De Prins & 
Kawahara 2012), from China by numerous researchers (e.g., Liu & Yuan 1990; Bai & Li 2009; Zhang et al. 2012; 
Bai et al. 2015, 2016; Li et al. 2015; Li & Zhang 2016; Liu et al. 2021). Many new species were also discovered 
from the Neotropics (e.g., Davis et al. 2002; Landry 2006; Kawahara et al. 2009; Vargas & Moreira 2012; Brito et 
al. 2017; etc.).

In this publication, we inventoried three families of tiny obligatory plant-mining lepidopterans: Nepticulidae, 
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Opostegidae, and Tischeriidae. The goal of this research is to apply quantitative criteria for the study of species 
diversity with three model families of mining Lepidoptera to assess and compare the abundance and current knowl-
edge about these taxa.

We summarize and provide precise data on the documentation history of these families for the first time. In 
recent decades, the study of these particular lepidopteran families has been intensive and productive as never before. 
Therefore, a global catalog published in 2016 (van Nieukerken et al. 2016a) which reviews Nepticulidae and Opo-
stegidae, does not include approximately 14% of recently described species of the global Nepticulidae, primarily 
from Central and South America (species were listed in the following papers by Stonis et al. 2016c, 2017a, 2017c, 
2018b, 2018c, 2018d, 2020c, 2021f; Dobrynina et al. 2021).

What do the studied families represent? Nepticuloidea (Nepticulidae and its sister family Opostegidae) and 
Tischerioidea (Tischeriidae) are phylogenetically primitive monotrysian lepidopterans possessing only a single, 
common terminal anogenital opening in females. Although there is no current evidence to support a close relation-
ship between these two superfamilies (Regier et al. 2013, 2015), in the past some researchers treated Nepticuloidea 
and Tischerioidea as very close phylogenetic clades (Davis 1986), or as taxa of the common infraorder Nepticulo-
morpha (Kuznetzov & Stekolnikov 1978, 2001). However, Nepticuloidea and Tischerioidea most likely represent 
two relatively distant lineages (Nielsen & Kristensen 1996; Kristensen & Skalski 1999; Regier et al. 2013, 2015).

Nepticulidae, or pygmy moths (Figs 1–14), of Early Cretaceous origin (Doorenweerd et al. 2016), are dis-
tributed worldwide and occur in most terrestrial ecosystems, from tundra and temperate forests to arid boreal or 
subtropical deserts and various tropical habitats, including the lowland rainforest up to the elevations 4,700 m in 
the northern Andean bush and grass páramo and the central Andean puna (Stonis et al. 2016c). Externally, pygmy 
moths are characterized by an expanded scape of the antenna or eye cap, a distinctive frontal tuft of piliform scales 
on the vertex of the head, a lamellar (or piliform) collar on the back of the head, and a simple wing pattern comprised 
of one (or two) fascia(e) or spots, or with uniformly coloured forewings. In the male genitalia, there is a usually 
well-developed, wide, and strongly chitinized phallus possessing distinctive, often large cornuti. General character-
ization of this highly specialized, predominantly leaf-mining (occasionally gall-making, e.g., see van Nieukerken 
et al. 2016b) family was published by several researchers, including Newton & Wilkinson (1982), Scoble (1983), 
van Nieukerken (1986a, 1986b), Johansson et al. (1990), Puplesis (1994), Puplesis & Robinson (2000), Puplesis 
& Diškus (2003), Diškus & Stonis (2012), and van Nieukerken et al. (2016a, 2016b). Nepticulidae consists of 18 
globally distributed or endemic genera, some well differentiated and easily recognizable, some scarcely diagnosed, 
and some with their status still in dispute (van Nieukerken et al. 2016b; Stonis et al. 2017c, 1918c, 2018d, 2019b, 
2019c). About 80% of the species of this family are less than 6.0 mm in wingspan, including the world’s smallest 
Lepidoptera with a minimal recorded forewing length of around 1.2–1.3 mm and wingspan 2.6–2.8 mm (Stonis et 
al. 2021f). The predominantly monophagous larvae feed in green tissues of a host plant and produce a leaf mine 
during all instars of the larval stage. Although adults of these leaf miners are often very small or extremely small, a 
leaf mine produced by a tiny larva can be relatively large on a leaf and cause damage because the larva consumes 
much of the photosynthetic tissue. Upon significant population increase or explosion, damage to the host plant may 
be significant or even severe (Puplesis 1994; Puplesis & Diškus 2003; Stonis et al. 2021a). Except for a few spe-
cies, pupation usually takes place outside the leaf mine, often in detritus, where the larvae spin a silk, oval-shaped 
cocoon.

Opostegidae, or white eye-cap moths (Figs 15–21), are distributed worldwide, with the highest diversity in 
tropical habitats. They are highly distinctive morphologically: adults are dorsoventrally flattened, usually almost 
entirely white with very few markings, except for strigulae or short fine transverse lines at the forewing apex (Stonis 
et al. 2020e). There are a few exceptions where adults of white eye-cap moths are not white (Eyer 1966; Davis 1989; 
Puplesis & Robinson 1999; Davis & Stonis 2007; Stonis et al. 2021g). Most species are between 5.8 and 6.8 mm in 
wingspan, although some reach over 10 mm in wingspan. The smallest known Opostegidae species are about 4.0–4.7 
mm (Stonis et al. 2021f). The largest opostegid is the female of the Chilean Notiopostega atrata Davis with a wing-
span of over 17 mm (Davis 1989). The opostegid antennal scape or eye cap is greatly extended and entirely covers the 
eye of a resting moth, except for some Neopostega Davis. The frontal tuft is small and usually white, and comprised 
of short piliform scales; the collar is shield-like, large, and covers the back of the head and overlaps the thorax. In 
the male genitalia, opostegids have a pedunculate cucullar lobe on the valva, which bears a distinctive pectinifer of 
blunt spines and is connected to the valva by a pedicellum (Davis & Stonis 2007). For a detailed morphological char-
acterization of the family, we recommend Davis (1989), Puplesis & Robinson (1999), and Davis & Stonis (2007). 
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FIGures 1–14. Nepticulidae, pygmy moths. 1, leaf mine of Stigmella decora Diškus & Stonis on Rhynchotheca, Ecuador; 2, 
same, S. apicibrunella Diškus & Stonis on Acalypha, Ecuador (Stonis et al. 2017b); 3, same, S. baccharicola Diškus & Stonis 
on Baccharis, Ecuador (Stonis et al. 2016b); 4, adult of S. podanthae Diškus & Stonis, Chile (Stonis et al. 2016a); 5, same, S. 
apicibrunella Diškus & Stonis, Ecuador; 6, same, S. decora Diškus & Stonis, Ecuador (Stonis et al. 2017b); 7, same, Acalyptris 
minimus Diškus & Stonis, Ecuador (Stonis et al. 2018e); 8, same, Manoneura trinaria Puplesis & Robinson, Venezuela (Stonis 
et al. 2018d); 9, 10, male genitalia of S. apicibrunella Diškus & Stonis, Ecuador (Stonis et al. 2017b); 11, 12, same, Manoneura 
forcipis Remeikis & Stonis, Peru (Stonis et al. 2017a); 13, 14, same, S. decora Diškus & Stonis, Ecuador (Stonis et al. 2017b)
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FIGures 15–21. Opostegidae, white eye-cap moths. 15, adult of Pseudopostega sacculata (Meyrick, 1915), Peru; 16, same, 
P. spinosa Stonis & Diškus, Ecuador; 17, same, Neopostega dondavisi Stonis & Remeikis, Peru (Stonis et al. 2020e); 18, same, 
Pseudopostega matrona Karsholt & Remeikis, Turkey (Stonis et al. 2021g); 19, same, P. cucullata Stonis & Vargas, Colombia 
(Stonis et al. 2020e); 20, male genitalia of P. matrona Karsholt & Remeikis, Turkey (Stonis et al. 2021g); 21, same, P. apotoma 
Davis & Stonis, 2007, Peru (Stonis et al. 2020e)
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FIGures 22–33. Tischeriidae, trumpet moths. 22, 23 adults of Astrotischeria chilei Puplesis & Diškus, 2003, Chile (Stonis 
et al., 2016a); 24, adult of A. trilobata Diškus & Stonis, Bolivia; 25, leaf mine of A. plagifera (Meyrick, 1915) on Rhysolepis, 
Ecuador (Stonis et al. 2018a); 26, same, A. ochrimaculosa Diškus, Stonis & Vargas, 2019, on Wissadula, Bolivia (Stonis et al., 
2019a); 27, same, A. selvica Diškus, Carvalho-Filho & Stonis on Synedrella (Stonis et al. 2018a); 28, male genitalia, lateral 
view, Coptotriche carmencita Stonis & Diškus, Peru; 29, same, C. parvisacculata Diškus & Stonis, Argentina (Stonis et al. 
2019a); 30, same, ventral view, genital capsule, Astrotischeria chilei Puplesis & Diškus, 2003, Chile (Stonis et al., 2016a); 31, 
same, A. heliopsisella (chambers, 1875), california, USA (Stonis et al. 2018a); 32, same, phallus, A. chilei Puplesis & Diškus, 
2003, Chile (Stonis et al., 2016a); 33, same, Coptotriche confusa (Braun, 1972), california, USA (Stonis et al. 2020d)
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Opostegidae biology is relatively obscure (Grossenbacher 1910; Swezey 1921; Kumata 1984; Johansson et al. 
1990) and has been summarized by Davis (1989) and Davis & Stonis (2007), and briefly surveyed by van Nieu-
kerken et al. (2016a). The larvae of some opostegid species have been reported as cambium miners (Kumata 1984, 
Davis 1989) and as leaf or stem miners (Grossenbacher 1910; Swezey 1921; Johansson et al. 1990; Puplesis & 
Diškus 2003).

Tischeriidae, or trumpet moths (Figs 22–33), are known from all continents, except Australia and southern-
most South America (and Antarctica). Tischeriidae occur from tropical to temperate regions, but are most abundant 
in the subtropics and tropics, except in cooler habitats at elevations above 3,600 m (Stonis et al. 2018a). The ex-
traordinary rich fauna of Tischeriidae was recently highlighted from a tropical forest in Central America (Stonis et 
al. 2020a). On the other hand, the tischeriid fauna of Southeast Asia and East Asia is also very diverse, but poorly 
surveyed (Stonis et al. 2014; Kobayashi et al. 2016; Xu et al. 2017, 2018, 2021; Kim et al. 2019), and many new 
species await discovery. Recently, two Tischeriidae species were reported from Korea (Kim et al. 2019). Adults of 
Tischeriidae are small, with a wingspan ranging from 6.5 to 7.3 mm. However, some tischeriids are smaller than 
average with a wingspan of only 4.1 mm, and some are larger than average with a wingspan of 11 mm (Stonis et al. 
2021f). Adults possess various distinctive, diagnostic characters that were reviewed by Braun (1972), Puplesis & 
Diškus (2003), Stonis et al. (2018a), Stonis & Solis (2020), as well as cited by Stonis et al. (2020a, 2021b, 2021c, 
2021d, 2021e). Among the most distinctive diagnostic features of the family are the very fine, but strikingly long 
antennal sensillae trichodea of the male that significantly exceeds the width of the flagellum, and trichodea possess 
recurved and sometimes thickened bases. The 3rd antennal segment is often greatly enlarged. The frontal tuft is 
comprised of slender lamellar scales and projected over the triangular or trapezoid frons. In the male genitalia, the 
phallus is rod-like, and usually bifurcated at the apex or tulip-shaped. In the female genitalia, the round oviposi-
tor lobes are covered with strongly thickened, short, and stout “peg setae”; along the stout anterior and posterior 
apophyses they possess unique projections in the modified VIIIth and IXth sternites, collectively called prela (after 
Braun 1972). Larvae of Tischeriidae are predominantly oligophagous or monophagous and mine inside green tis-
sues of plants during all instars, producing blotch-like, irregular (occasionally linear) leaf mines; often, at the final 
developmental stage, the larva bends or rolls up the margin of the mined leaf. Pupation takes place inside the leaf 
mine, often in a round, silken-lined nidus.

Material and methods

We inventoried and counted species in published data worldwide of three monotrysian lepidopteran families: Nepti-
culidae and Opostegidae (Nepticuloidea), and Tischeriidae (Tischerioidea). We checked and analyzed many original 
descriptions of species of the above-mentioned families, but the actual data were retrieved from our exhaustive 
electronic “Global Species Database 1995–2021” maintained by the co-author, Arūnas Diškus. All doubtful synony-
mies were checked and confirmed by the co-authors J.R. Stonis and A. Diškus and, if the synonymy proved true, 
the synonymic names were excluded from the current analysis. Species which had been previously documented 
(described or illustrated), but published unnamed, for example, Acalyptris specimen 12 or A. species AG016 (Stonis 
et al. 2020c) or Ectoedemia specimen 10 (Wilkinson 1981), were excluded. Taxa published after December 2021 
were not included because of the set time range for the current count.

results and discussion

Documenting of the global Nepticulidae

The first species of this family, Ectoedemia occultella, was described in 1767 (Linnaeus 1767). From then on, dis-
coveries and descriptions of Nepticulidae occurred unevenly across 23 time periods (i.e., decades) from 1767 until 
2021 (Fig. 34). 

After the first species was published, the discovery of new species proceeded very slowly until 1840, but then 
starting in 1841 and continuing until 1890, the number of new pygmy moths soared. However, 1881–1900 marked a 
recession, and then in 1901, a general tendency for an increase in the number of discoveries of new species was ob-
served with slight fluctuations. Two periods clearly stand out: 1971–1980 and especially 2011–2021, during which 
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the largest numbers of new species were discovered and described. Understandably, the total, accumulative number 
of new species of Nepticulidae increased with each time period, but it was particularly apparent during 1971–1980 
when the curve of the total number of species rose steeply. During the 255 years of research, 1,000 species were 
discovered, about 3.92 average species per year. But there is great difference in the average of species described per 
year between the early 20th and early 21st centuries.

FIGures 34, 35. Dynamics of species descriptions during various time periods. 34, Nepticulidae; 35, Opostegidae
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Documenting of the global Opostegidae

The earliest species of the Opostegidae was Pseudopostega auritella, published in 1813, although not yet named 
as the family Opostegidae at that time (Hübner 1796–1838) (Fig. 35). The analyzed data shows that discoveries of 
new Opostegidae species were extremely few until the 19th century: a maximum of four described species per time 
period or decade, or no species described at all. A surge in the number of descriptions was observed at the beginning 
of the 20th century. In the years 1911–1920 was the highest peak of discovery, when 35 new Opostegidae species 
were described. From 1931, a sharp decline was observed, which lasted until 1980: only three new species were de-
scribed during this time period. The total or accumulative number of Opostegidae species gradually increased, and 
in 1981–1990 there was gradual increase in numbers every decade. The year 1981 opened up significant increase 
in the number of new species described. In 2001–2010 a record-breaking number of the Opostegidae species were 
described (74 new species) (Davis & Stonis 2007; Remeikis et al. 2009). But from 2011, there was a decline once 
again, when only seven new species were described until 2021. A total of 197 Opostegidae species were published 
during 209 years of research; an average annual number of species descriptions is 0.94 a year. However, these aver-
ages significantly differ in the 19th century (0.22 species per year), the 20th century (0.97 species per year), and the 
21st century (3.86 species per year).

Documenting of the global Tischeriidae

The first species of the family, Tischeria ekebladella, was described in 1795 (Bjerkander 1795) (Fig. 36). Analysis 
of the data showed that, starting in 1795 until 1870, the discovery and description of new species proceeded slowly, 
only a total of 10 new species were described at this early stage of research. During 1871–1880, 15 new species 
were described, and during 1911–1920, 10 new species. Many new species of Tischeriidae were discovered and 
published during 1971–1980 (19 species) and 2021–2010 (27 species). The boost in the number of species discover-
ies occurred in 2011–2021, when 62 new Tischeriidae species were described. The total, accumulative number of 
described species rose gradually, but it should be noted that the extremely rapid rise occurred at beginning of the 
21st century. A total of 170 Tischeriidae species were described during the 227 years of research, the average num-
ber of descriptions per year is 0.75 species. In the 18th century, the actual annual average was 0.17 species; in the 
19th century it was 0.28 species; in the 20th century it was 0.52 species; and in the 21st century it was 4.24 species. 
It is clear that the annual average was increasing with each century, but a particular increase occurred early in the 
21st century (Fig. 36).

FIGure 36. Dynamics of Tischeriidae species descriptions during various time periods
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FIGures 37–42. Leaf mines of the earliest discovered species from Nepticulidae and Tischeriidae. 37–40, Ectoedemia oc-
cultella (Linnaeus, 1767), Nepticulidae, leaf mines on Betula pendula; 41, 42, Tischeria ekebladella (Bjerkander, 1795), Tischer-
iidae, leaf mines on Quercus robur (Note: leaf mines of Pseudopostega auritella (Hübner, 1813), the earliest discovered species 
of Opostegidae, are still unknown and host-plant data are doubtful; see Johansson et al. 1990)
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Authors or groups of authors who described Nepticulidae

Our inventory of primary descriptions found 147 authors or various groups of authors associated with descriptions 
of new Nepticulidae species. Thus, the average for a single author, or a group of authors, is 6.81 described species. 
In fact, the majority of the authors described fewer. In total, 79 authors or groups of authors described a single Nepti-
culidae species each: Amsel; Bedell; Boheman; Borkowski; Bradley; capuse; chen & Wang; Diškus, Navickaitė & 
Remeikis; Diškus, Remeikis & Stonis; Doubleday; Dugdale; Fabricius; Fologne; Forbes & Leonard; Freeman; Frey 
& Boll; Göze; Gregor & pavolný; Groschke; Hartig; Heyden; Hoare & van Nieukerken; Hofmann; Hübner; Hud-
son; Jones; Kearfott; Kollar; A. Laštuvka & Huemer; Z. Laštůvka, A. Laštůvka & Johansson; Larsen; Le Marchand; 
Legrand; Linnaeus; Mariani; Minet; Müller-Rutz; Nieukerken van & Berggren; Nieukerken van, van den Berg & 
Hoare; Nieukerken van & Hull; Nieukerken van & Ivinskis; Nieukerken van & Puplesis; Nieukerken van & Sny-
ers; Nieukerken van & van den Berg; Nieukerken van, Z. Laštůvka & A. Laštůvka; parenti; peyerimhoff; petry; 
Puplesis & Krasilnikova; Puplesis, Diškus & Juchnevich; Puplesis, Diškus & Nieukerken van; Remeikis; Remekis 
& Dobrynina; Richardson; Sato; Schleich; Sircom; Snellen; Soffner; Staudinger; Stonis; Stonis & Remeikis; Stonis, 
Diškus & Remeikis; Svensson; tengström; tokár, A. Laštůvka & Nieukerken van; toll; tutt; Wagner; Walker; Wa-
ters; Watt; Wilson; Wolff; Wood; Wood & Walsingham; Wörz; Yagi & Hirowatari; and Zetterstedt.

In total, 15 authors or groups of authors described two species each: Bourquin; Caradja; Duponchel; Falkovitsh; 
Gerasimov; Glitz; A. Laštůvka, Z. Laštůvka & Nieukerken van; Nieukerken van & Hoare; philpott; preissecker; 
Rebel; Remeikis, Diškus & Stonis; Skala; Szöcs; and Weber.

the following 10 authors or groups of authors described three new species each: Joannis; Kuroko; Z. Laštůvka, 
A. Laštůvka & Nieukerken van; Matsumura; Mendes; Nel & Varenne; Stonis & Vargas; Šimkevičiūtė & Stonis; 
Wilkinson; and Zimmermann.

The following five authors or groups of authors are responsible for the description of four new species each: 
Busck; Johansson, Nieukerken van & Liu; Nieukerken van, A. Laštůvka & Z. Laštůvka; and Wilkinson & Scoble.

Our graphs (Fig. 43) include only authors or groups of authors who described a significant number of new spe-
cies, i.e., at least five. However, the number of described species varies significantly among authors, and therefore, 
the following gradation was introduced: <20, ≥20, and ≥40 described species. the data showed that, among the 
authors or groups of authors who significantly contributed to the description of global fauna, authors or groups of 
authors who described fewer than 20 new species prevailed (26 authors of groups of authors). Meanwhile, ≥20 new 
species were described by seven authors or groups of authors, and ≥ 40, by six authors or groups of authors (Fig. 
43).

Contribution of individual researchers to the description of the global Nepticulidae

A total of 131 individual researchers participated in the taxonomic inventory of the global Nepticulidae fauna. By 
plotting the researchers who made the largest contribution (Fig. 44), 39 authors who described at least five Nepti-
culidae species were selected and included. As in the case above, the number of the described species varies signifi-
cantly among various authors; therefore, the following gradation was introduced: <20, ≥20, and ≥40 described spe-
cies. the data showed 24 researchers who described <20 new species. Six researchers described ≥20 new species, 
and nine researchers participated in the description of ≥ 40 species. According to our data, the following authors 
made exceptional contributions to the taxonomic inventory of global Nepticulidae: J. R. Stonis (329 new species), 
A. Diškus (123 species), M. J. Scoble (77 species), E. Meyrick (69 species), E. J. van Nieukerken (69 species), A. 
Remeikis (67 species), ch. Wilkinson (49 species), A. Laštůvka (44 species), and Z. Laštůvka (42 species) (Fig. 
44).

Contribution of individual researchers to the description of global Opostegidae

In total, 27 authors or groups of authors are responsible for the description of Opostegidae species globally. Unlike 
Nepticulidae, the execution of Opostegidae descriptions was less active with fewer researchers participating in the 
describing and naming of species. Most of the authors or groups of authors (22 total) described fewer than five new 
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species each. Meanwhile, three authors or groups of authors described ≥5 new species, and only two, ≥ 50 (Fig. 
45).

With regard to individual contributions by researchers, the following three researchers have made the largest 
contributions to the global inventory based on number of described species: J. R. Stonis (99 species), D. R. Davis 
(75 species), and E. Meyrick (52 species) (Fig. 46).

FIGure 43. Authors or groups of authors who made a significant contribution to the description of global fauna of Nepticuli-
dae and described at least five new species
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FIGure 44. Individual researchers who contributed the most to discovery and description of the Nepticulidae global fauna. 
(Note: graph does not include researchers who described fewer than five new species
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FIGures 45, 46. Description of the global Opostegidae. 45, authors or groups of authors who described new species; 46, 
Individual contributions by researchers to descriptions
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FIGure 47. Authors or groups of authors associated with Tischeriidae species descriptions globally

Contribution of individual researchers to the description of global Tischeriidae

Taxonomic studies of Tischeriidae were performed by 38 authors or groups of authors. There were three groups ac-
cording to the number of described species: <5, ≥5, and ≥10. Most of these authors (33) described fewer than five 
new species each. Meanwhile, five authors described ≥5 new species and four authors described ≥ 10 new species 
(Fig. 47).
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With regard to the contribution of individual researchers, the following researchers have made the greatest con-
tributions to the global inventory based on numbers of described species: J. R. Stonis (79 species), A. Diškus (72 
species) A. F. Braun (25 species), and E. Meyrick (11 species) (Fig. 48). Most of the researchers (28) are responsible 
for the description of fewer than five species each, and some, for five to eight species.

FIGure 48. Contribution of individual researchers to the discovery and description of global Tischeriidae

Discussion

Upon summarizing studies in all three families and contributions of individual researchers, we found that eight 
researchers were responsible for ≥ 30 new species descriptions, and six researchers for ≥ 70 species descriptions. 
Here, we single out researchers whose contributions to the description of species was the greatest: M. J. Scoble 
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described 77 species, D. R. Davis and A. Remeikis described 80 species each, E. Meyrick described 132 species, A. 
Diškus described 196 species, and J.R. Stonis discovered and described a record-breaking number of 507 species 
(Fig. 49).

FIGure 49. Contribution of individual researchers to the discovery and description of the three analyzed families (Nepticuli-
dae, Opostegidae, and Tischeriidae) (Note: graph includes only researchers who described at least 10 new species)
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FIGure 50. Species description dynamics of the three analyzed families (Nepticulidae, Opostegidae, and Tischeriidae) over 
various time periods.

With regard to the 255-year research history in the three families, there was a significant increase in taxonomic 
inventory in the early 20th century and especially in the late 20th – early 21st centuries. The total or accumulative 
number of species of the three analyzed families increased with each period, and is now 1,367 species globally (with 
an overall average of about five new species described per year, or about 22 new species described per year in the 
21st century).

But this is not the last word on the discovery and documentation of new taxa in these three families of leafmin-
ing moths. Targeted studies are currently underway to elucidate the taxonomic diversity of Korean Nepticulidae. 
Although no new species have been identified in our studies, the silver lining in the material suggests that the fauna 
of the Nepticulidae of the Korean Peninsula is akin to the fauna of the surrounding areas. Most of the species from 
Korea were previously described by R. Puplesis from the Primorye Territory in Far Eastern Russia (Puplesis 1984a, 
1984b, 1984c, 1984d, 1985; Puplesis & Ivinskis 1985, with further re-examination and illustration by Stonis & 
Rocienė 2013 and Rocienė & Stonis 2013): Stigmella aladina Puplesis, 1984; S. dentatae Puplesis, 1984; S. kurokoi 
Puplesis, 1984; S. omelkoi Puplesis, 1984; Bohemannia nubila Puplesis, 1985; Etainia capesella (Puplesis, 1985); 
E. peterseni (Puplesis, 1985); E. sabina (Puplesis, 1985) (Lee & Byun 2007; Shin et al. 2020, 2022). Two species 
recently discovered in Korea were previously known from Japan: Stigmella fumida Kemperman & Wilkinson, 1985, 
and Etainia trifasciata (Matsumura, 1931) (Lee & Byun 2007; Shin et al 2022). The latter species, E. trifasciata 
(=E. tigrinella Puplesis, 1985), was also known from Far Eastern Russia (Puplesis & Ivinskis 1985; Puplesis 1994; 
Puplesis & Diškus 2003; Hirano 2013). A broader perspective with these preliminary results indicates that the fauna 
of East Asian Nepticulidae is just the tip of the iceberg, and, in the future, many species new to science will be dis-
covered in the Asian continent, including China, Japan, and Korea.
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