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Abstract

The genus Epsteinius Lin, Braby & Hsu gen. nov. is established to accommodate a new, diminutive species of limacodid 
moth, E. translucidus Lin, sp. nov., from central Taiwan. Although the new species is the sister taxon to Microleon Butler, 
1885 according to molecular phylogenetic data, it differs fundamentally from that genus in adult morphology, wing color 
pattern, male and female genitalia, and larval morphology. Larvae of E. translucidus Lin, sp. nov. represent an interesting 
case in which crypsis is based on transparency through its body color, resting behavior, and feeding pattern.
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Introduction

The majority of larvae in the moth family Limacodidae are known as ‘nettle’ caterpillars because they are armed 
with rows of protuberances bearing stinging spines (Cock et al., 1987; Epstein, 1996; Zaspel et al., 2016). First 
instars of nettle caterpillars have protuberances with one to three setae on each segment, but when nettle caterpillars 
molt from first to second instar, after fasting in the first instar, there is usually a dramatic increase in the number of 
stinging spines (Zaspel et al., 2016). Limacodids are also known for their ‘gelatine’ caterpillars without spines and 
for their ‘monkey slug’ caterpillars, which have numerous setae. When limacodid adults emerge from their cocoons, 
they usually force a neat circular lid along a line of weakness, which leaves a neat hole at one end through which 
they crawl out to escape (Cock et al., 1987; Epstein, 1996). Because the opened cocoon resembles a cup, limacodids 
are also sometimes referred to as ‘cup moths’.

However, according to a recent limacodid phylogeny (Lin et al., 2019), a lineage of slug caterpillars including 
Trichogyia limacodiformis (Strand, 1920), Microleon longipalpis Butler, 1885, and an undescribed species (the 
species that is described in the present study) possess only a few (one or two) spines on each protuberance until 
pupation; they neither increase spines nor reduce spines after the second instar. Furthermore, the cocoons of these 
slug caterpillars are thinner and softer than the cocoons of most other limacodids; and, when the adults emerge, 
they do not make a neat circular hole and a corresponding lid—the cocoon is simply opened at one end through 
which the pupa pushes its way out and then the adult ecloses. The undescribed species is most closely related to M. 
longipalpis; nevertheless, the pairwise molecular divergence is substantial and more than most other sister genera 
in the phylogeny (Lin et al., 2019). 

The genus Microleon is restricted to Asia and contains three species: M. longipalpis, M. decolatus Sasaki, 2016, 
and M. yoshimotoi Sasaki, 2016 (Butler, 1885; Okano & Pak, 1964; Solovyev, 2008; Sasaki, 2016; Sohn et al., 
2018). Microleon longipalpis is distributed from southeastern Russia through Korea and Japan to Taiwan (Wang, 
1995; Hirowatari et al., 2013), as well as on mainland China (Shandong, Anhui and Jiangxi Provinces—specimens 
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in Institute of Zoology Chinese Academy of Science). In contrast, M. decolatus and M. yoshimotoi are more geo-
graphically restricted: the former occurs in Japan and Korea, whereas the latter is known only from Japan (Sasaki, 
2016; Sohn et al., 2018). Butler (1885) originally diagnosed the genus according to the form of the labial palpi, 
being long, upcurved and more slender, to the venation of the hind wing, and to the number of spines on the hind 
leg. Okano and Pak’s (1964) key to Korean genera of Limacodidae indicated that Microleon can be distinguished 
from the other 14 genera by the combination of three characters: hind tibiae with two pairs of spurs, male antennae 
non-pectinate and not flattened, and labial palpus length about three times the diameter of the eye. 

In describing M. longipalpis, Butler (1885) did not specify the number of types, but presumably he had only a 
single specimen because only a single measurement was given for wing expanse (16 mm). Okano and Pak (1964, 
pl. 1, fig. 6) and Solovyev (2008, fig. 4) both illustrated the male genitalia, the latter author’s figure being based 
on Butler’s type. Sasaki (2016) illustrated an adult male specimen in the NHM and referred to it as the holotype. 
Examination of Butler type material in the NHM indicated only a single specimen, the male holotype (Figs 9–10).

During field investigations in central Taiwan, at Nantou in 2013, early instar larvae resembling M. longipalpis 
were collected. The larvae were brought back to the laboratory for rearing, but it soon became apparent that they 
were not M. longipalpis. When the adults eventually eclosed, it was clear that they represented a different species. 
After comparing the adult characters, and although both species have similar wing venation, the new species pos-
sesses characters distinctly different from all known members of Microleon: there are fundamental differences in the 
male and female genitalia, and it does not possess the diagnostic character of Microleon—namely the labial palpus 
length being about three times the diameter of the eye. On the basis of both molecular and morphological data, 
we therefore came to the conclusion that the taxon represents a new species and genus, both of which we describe 
herein.

Materials and methods

The immature stages were collected in the field in Nantou from their larval host plants, Camellia spp. (Theaceae), 
typically on the abaxial surface of mature leaves, during 2013–2018. Larvae were reared individually in plastic 
containers (150 × 75 × 45 mm). Fresh foliage was provided with moist tissue paper to prevent dehydration. Descrip-
tions of the immature stages and observations on the species’ biology were based on the rearing lot HSU 13F15M, 
13F16M, 13K13M, 13K14M, 15G16M and 18J30M. The rearing lot follows the system of Powell and De Bene-
dictis (1995), where “HSU 13F15M” refers to the name of the rearing database (HSU), the year (13 for 2013), the 
month (F for June), the sequential number of collection (15), and the taxonomic group (M for moth). 

Dissection of the genitalia was performed by first removing the entire abdomen, which was placed in 10% KOH 
and boiled for 10 minutes, and then transferred to 30% ethanol for cleaning, dissection and examination. Completed 
dissections were fixed in 95% ethanol and then 100% isopropanol before being mounted in Euparal and preserved 
on glass microscope slides. The genitalia were photographed using a Leica M205A microscope and were stacked 
using Helicon Focus 5.3.

Scanning electron microscopy (SEM) was done by the following steps (in National Taiwan University). First, 
samples were removed using sterile forceps. Second, samples were prepared by critical point drying in LADD Criti-
cal Point Dryer. Third, samples were attached to stubs and gold coated with JEOL JEE-400 Vacuum Evaporator. 
Finally, SEM was conducted with JEOL JSM-5600 Scanning Electron Microscope.

Primary types are deposited in the following collections: 

NHM:  The Natural History Museum, London
NTNU:  Department of Biology, National Taiwan Normal University, Taipei
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Taxonomy 

Epsteinius Lin, Braby & Hsu, gen. nov.
(Figs 1–4, 11, 13, 14, 17, 29, 30, 36, 37, 45, 46)

Type species. Epsteinius translucidus Lin, sp. nov. (here designated).

Diagnosis. Epsteinius differs from Microleon (Figs 5–9, 12, 15, 16, 18, 34, 35, 43, 44; Solovyev, 2008; Sasaki, 
2016; Sohn et al., 2018) by the following characters: (1) adults are smaller in size—male forewing length of Ep-
steinius is 5.3–5.5 mm compared with 6.3–7.9 mm for that of Microleon; (2) in Epsteinius the hindwing is narrower 
with the termen rounded, whereas in Microleon it is broader with the termen distinctly angular; (3) the labial palpus 
of Epsteinius is shorter (approx. 2.0–2.5 times the diameter of the eye) than that of Microleon (approx. 3 times the 
diameter of the eye); (4) in Epsteinius the upperside of the forewing has the inner half dark brown with a purple 
iridescent suffusion, whereas in Microleon there are usually two large irregular orange patches, one at base and the 
other in the median area of dorsum, and it lacks the purple suffusion; (5) in Epsteinius the scale fringe of the hind-
wing is grey, whereas in Microleon it is conspicuously black at the tornus.

In addition, the male genitalia of Epsteinius (Figs 13, 14) differs from that of Microleon (Figs 15, 16) in many 
characters, including the form of the gnathos which has a sharply down curved tip, the valva which has two long 
processes along the dorsal margin, and the phallus which is shorter and basally enlarged and rounded with two 
conspicuous cornuti. In contrast, the genitalia of Microleon has the gnathos with a T-shaped end, no process along 
the dorsal margin of the valva, and a relatively straight phallus without cornuti. The female genitalia of Epsteinius 
(Fig. 17) differs from Microleon (Fig. 18) in having a short and wide ductus bursae, and an ovate corpus bursae 
containing two signa each with a row of flat complex teeth. In Microleon, the ductus bursae is long and coiled, and 
the corpus bursae is ovate, containing only one signum with a set of sharp complex processes over its surface.

Although the early instar larvae of Epsteinius (Figs 24, 25) and Microleon spp. (Figs 19, 20) are very similar, 
they diverge considerably in color pattern and shape in the final instar larvae, as follows: (1) in Epsteinius (Figs 26, 
27, 31, 32) the shape of the body is elliptical, whereas in Microleon spp. (Figs 21, 22) it is narrower with a humped 
dorsal surface; (2) in Epsteinius there is usually an indistinct brown lateral patch (which varies among individuals), 
whereas in Microleon spp. there is a distinct red subdorsal patch; (3) in Epsteinius the body is semi-translucent, 
whereas in Microleon spp. it is opaque; (4) in Epsteinius the spine-bearing protuberances are similar to those of its 
early instars, whereas in Microleon spp. the protuberances in the final instar diminish in size compared with its early 
instars.
 Etymology. The generic name is named in honor of Marc E. Epstein for his enormous and longstanding contri-
bution to the study of limacodid moths.

Epsteinius translucidus Lin, sp. nov. 
(Figs 1–4, 11, 13, 14, 17, 29, 30, 36, 37, 45, 46)

Material Examined. Holotype (Figs 1, 2). ♂ ‘TAIWAN: NANTOU Co., Xitou, 1100m, 21.VII.2015, reared from 
Camellia sinensis (HSU 15G16M), pupated 23.VII.2015, emgd. 16.VIII.2015, Y.C. Lin and R.J. Lin’ [white label, 
printed], ‘Holotype Epsteinius translucidus Lin’ [red label, printed] (NHM).

Paratypes. 2 ♂, 6 ♀. 1 ♂ labeled similarly to holotype but with date ‘25.VI.2013’, ‘(HSU 13F15M)’ and 
‘emgd. 19.VII.2013’; 1 ♂ labeled similarly to holotype but with date ‘19.IX.2018’, ‘(HSU 18J30M)’ and ‘pupated 
5.X.2018, emgd. 19.X.2018’; 1 ♀ labeled same as holotype; 2 ♀ labeled similarly to holotype but with date ‘19.
IX.2018’, ‘(HSU 18J30M)’, and ‘pupated 30.IX.2018, emgd. 24.X.2018’ and ‘pupated 8.X.2018, emgd. 3.XI.2018’; 
3 ♀ labeled similarly to holotype but with date ’18.VI.2019’, ‘(HSU 19F41M)’, and ‘emgd. 20.VII.2019’, ‘emgd. 
24.VII.2019’, and ‘emgd. 6.VIII.2019’ (NTNU).

Description. Male (Figs 1, 2, 11, 36, 37): Head: frons hairy, brown; eyes semi-oval, grey with black center; la-
bial palpus porrect, with 2nd segment pointed upwards and 3rd segment short, orange with brown patch; galeae small, 
partially covered by labial palpus; antenna filiform. Thorax: dark brown dorsally, pale-orange ventrally; legs orange 
with brown scaling, banded by brown on tarsi, hind leg tibia with four slender spurs, two in the middle and two at   
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FIGURES 1–12. Adults of Epsteinius translucidus and Microleon longipalpis: 1, 2, E. translucidus Lin, sp. nov. holotype male 
upper side and underside; 3, 4, E. translucidus Lin, sp. nov. paratype female upper side and underside; 5, 6, M. longipalpis male 
upper side and underside; 7, 8, M. longipalpis female upper side and underside; 9, 10, M. longipalpis holotype male upper side 
and label data (Yokohama, Japan) (NHM); 11, 12, male heads of E. translucidus Lin, sp. nov. and M. longipalpis.

the end. Forewing: 5.3–5.5 mm long (from base to apex 5.4 ± 0.1 mm, n = 3); upperside orange-brown with irregu-
lar dark brown markings, becoming more pronounced towards base, with purple iridescent suffusion (more visible 
when alive), a broad dark brown submarginal band, scale fringe orange; underside ground color dark grey, broadly 
pale grey along dorsum, costa orange, a narrow black submarginal band, followed by a narrow orange terminal 
band, scale fringe orange with grey near tornus. Hindwing: upperside dark grey black, scale fringe grey; underside 
ground color pale yellow-grey, dorsum broadly grey, scale fringe grey. 

Female (Figs 3, 4, 45, 46): similar to male, but larger, forewing 5.5–6.6 mm long (from base to apex 6.1 ± 0.5 
mm, n = 5). The 5th tarsomere with a long triangular recessed pad (Fig. 45) bearing sensilla and spinules (Fig. 46).

Male genitalia (Figs 13, 14): Uncus rather short, narrowly pointed, dorsally with few long hairs near base. 
Gnathos originating high on tegumen, weakly down-curved, fused before middle with short, blunt dorsal process 
from junction, long slender distal half with sharply down curved tip. Vinculum ventrally ill-defined, membranous. 
Valva distally narrowing and up-curved, inner surface densely hairy except near base; a long, distally up-curved, 
band-like process from inner dorsal margin of valva, and below a straight thorn-like process from base of valva; a 
sacculus-like process from ventral base of valva, consisting of a bulbous base terminating in a large curved gradu-
ally tapering horn-shaped spine reaching beyond dorsal margin of valva. Juxta weakly sclerotised. Phallus short, 
very wide and rounded at base and gradually narrowing to down-curved, strongly sclerotised ventral apex; vesica 
with two large cornuti, consisting of a more basal folded and apically curved sclerite and a more distal spine-like 
sclerite from a wide base.

Female genitalia (Fig. 17): Anal papillae flat, semicircular; posterior apophyses very long and slender, anterior 
apophyses very short and stout; lamella postvaginalis a deeply concave spinulose membrane, lamella antevaginalis 
with a long conspicuously spinulose knob centrally, flanked by a small plate on each side. Ductus bursae gradually 
widening from ostium, membranous, longitudinally plicate, narrowed before junction with corpus bursae. Corpus 
bursae ovate, small, half length of ductus bursae, with two large signa, each a convex plate with a row of flat com-
plex teeth across its center.

Immature stages (Figs 24–33): Final instar larva (Figs 26, 27, 31, 32) 6.5–7.8 mm in length (7.1 ± 0.5 mm 
without spine length, n = 7), 3.2–4.7 mm in width of A3 (3.9 ± 0.5 mm without spine length, n = 7). Head brown. 
Body slug-like with no spine on T1; one spine and one seta on a protuberance for each D1 and D2, one spine on a 
protuberance for SD of T2; two spines on a protuberance for D, one spine each on a protuberance for D2 and SD 
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FIGURES 13–16. Male genitalia of Epsteinius translucidus and Microleon longipalpis: 13, 14, genitalia (ventral) and phallus 
(lateral) of E. translucidus Lin, sp. nov.; 15, 16, genitalia (ventral) and phallus (lateral) of M. longipalpis.

of T3; two spines on a protuberance for D, one spine on a protuberance for SD of A1–A8; one spine and two setae 
on a protuberance for D of A9; no spine on A10. Coloration of body semi-translucent whitish-green in early instars 
(Figs 24, 25), becoming semi-translucent green in final instar, some individuals with an indistinct brown patch later-
ally on A3–A4. Cocoon (Fig. 28) spheroid, 5.1–6.0 mm in long axis (5.3 ± 0.5 mm, n = 5) and 3.3–4.2 mm in short 
axis (3.8 ± 0.3 mm, n = 5), brown. Pupa (Fig. 40) 3.9–4.6 mm in length (4.3 ± 0.3 mm, n = 3), 2.2–2.4 mm in width 
(2.3 ± 0.1 mm, n = 3); pupal eyepiece with a fracture line (Figs 41–42). 

Etymology. The specific name translucidus is derived from the Latin word trans, which means through or 
across, and the Latin word lucidus, which means under light or full of light. The species group name refers to the 
semi-translucent coloration of the larva, and is a compound descriptive name comprising an adjective combination 
with the ending of the second name in masculine form to agree with the gender of the generic name. 

Distribution. Epsteinius translucidus is currently known only from montane areas of central Taiwan at an al-
titude from 800 to 1100 m.

Biology. Larvae have been found on Camellia japonica L. (HSU 13F16M and 13K14M) and C. sinensis (L.) 
Kuntze (HSU 13F15M, 13K13M, 15G16M and 18J30M) (Theaceae) in June, July, September and October. Of the 
nine larvae reared in captivity, the pupal stage varied from 14–30 days. These observations suggest there are at least 
two generations annually, with adults emerging in summer (July–August) and again in autumn (October–November).

The larva of E. translucidus is semi-translucent, and it usually rests on the abaxial leaf surface. Whilst feeding 
on the underside of a leaf, the edge of the body is almost transparent, making the larva exceedingly difficult to de-
tect. The feeding behavior is also unusual: most limacodid larvae consume the entire leaf, eating the epidermis only 
in the early instars (Cock et al., 1987); however, E. translucidus retains the feeding pattern typical of early instars 
throughout its entire life and never eats the whole leaf. This unusual feeding pattern results in the leaf having a skel-
etonized appearance (Fig. 33). The final instar larva of E. translucidus closely resembles the skeletonized leaf and 
thus presumably relies on crypsis to avoid predation, unlike many other nettle caterpillars that rely on aposematism 
and an array of conspicuous poisonous spines.
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Predation is an important selective pressure and some prey have evolved cryptic coloration to reduce the likeli-
hood of being visually detected and eaten (Webster et al., 2015). Transparency is a common strategy for aquatic 
organisms in mid-water environments to mimic the background and to decrease detectability by visual predators 
(Kerfoot, 1982; Langsdale, 1993; Tsuda et al., 1998). However, in terrestrial organisms, transparency is a relatively 
rare adaptation for avoiding predation. Larvae of E. translucidus appear semi-transparent and rest on the abaxial 
side of a leaf, and thus, represent an interesting case in which crypsis is based on transparency through its body 
color, resting behavior, and feeding pattern.

FIGURES 17–18. Female genitalia of Epsteinius translucidus and Microleon longipalpis: 17, E. translucidus Lin, sp. nov.; 18, 
M. longipalpis.
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FIGURES 19–33. Life history of Epsteinius translucidus and Microleon longipalpis: 19–23, M. longipalpis, showing dorsal 
and subdorsal views of early instar larva, dorsal view and subdorsal views of final instar larva, and cocoon without reverse 
neat and circular cut after adult emergence; 24–33, E. translucidus Lin, sp. nov.; 24–25, early instar larva, showing dorsal and 
subdorsal views; 26–27, final instar larva with brown lateral patch, showing dorsal and subdorsal views; 28, cocoon, without 
reverse neat and circular cut after adult emergence; 29–30, adult female, showing lateral and ventral views; 31–32, final instar 
larva without brown lateral patch, showing dorsal and subdorsal views; 33, final instar larva on host plant, showing transparent 
edge of larval body from abaxial leaf surface under sunshine.
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FIGURES 34–46. Head, pupa, and female 5th tarsomere of Epsteinius translucidus and Microleon longipalpis: 34–35, head with 
right labial palpus and galeae of M. longipalpis; 36–37, head with right labial palpus and galeae of E. translucidus Lin, sp. nov.; 
38–39, eclosed pupa and ruptured pupal eye of M. longipalpis (arrow denotes fracture line); 40–42, uneclosed pupa, uneclosed 
pupal eye, and eclosed ruptured pupal eye of E. translucidus Lin, sp. nov. (arrow denotes fracture line); 43–44, female 5th tar-
somere and sensilla of M. longipalpis; 45–46, female 5th tarsomere and sensilla of E. translucidus Lin, sp. nov..
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