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Discovery of a new species of the genus Nemophora Hoffmannsegg (Lepidoptera, Adelidae)
from the foot of Mt. Takao, Tokyo
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Abstract. A new species of the genus Nemophora, N. takaosana Hirowatari & Yagi sp. nov., was unexpectedly found
at the foot of Mt. Takao (Takaosan), Tokyo, Japan. This species might have gone unnoticed until now due to its small
size, compared to other members of the family Adelidae, and its unusual emergence from late September to early
October among the Japanese Adelidae. We compared this new species with its close relatives, based on their
morphological characteristics and DNA barcodes.
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Introduction

The genus Nemophora includes approximately 200
species worldwide (Sun et al., 2022; Kozlov, 2023; Liao
et al., 2023). Of these, only 28 species have been
recorded in Japan (Hirowatari, 2013, 2023); apart from
one undetermined species (Hori and Sakurai, 2015), no
new species have been discovered in recent years. The
second author of this study photographed a mating pair
of unknown adelid species at the foot of Mt. Takao,
Tokyo, during late September 2021, and shared this
photograph (Fig. 1) on an online forum for moths. Upon
seeing the photograph, the first author convinced that it
was a potential new species in Japan. In early October
2022, we collected a good number of specimens for
description and obtained biological information about
them. We confirmed them as a new species, based on
their morphological characteristics and DNA barcodes.
In the present study, we described its features including
the wing venation and male and female genitalia.
Biological information of the species has also been
provided.

*corresponding author, E-mail: hirowat_t@agr.kyushu-u.ac.jp

Materials and Methods
Study location and design

The survey site was at the foot of Mt. Takao, Tokyo
(N35.638, E139.281), approximately 220 m above sea
level, and the surrounding area was covered by trees such
as Quercus glauca Thunb., Q. serrata Murray (Fagaceae),
Cerasus jamasakura Sieb. et Zucc. (Rosaceae), and llex
pedunculosa Miq. (Aquifoliaceae). The second author
discovered the new species at this site on September 28,
2021, and also made subsequent observations on
September 29 and October 2, 2021. The following year,
we conducted regular observations between September
22-October 2, 2022, and collected specimens for
taxonomic research at the site. We compared
morphological characteristics such as wing markings,
wing venations, and male and female genitalia of the new
species with those of other known species.
Morphological terms followed Nielsen (1985) and Davis
(1999). The eye size index of Hirowatari (1997), i.e.
horizontal eye diameter (hd) / minimum distance between
eyes in dorsal view (md), and interocular index of Davis
(1975), i.e. vertical eye diameter (vd) / interocular
distance (id), were calculated for comparing eye sizes of
different species. All collected specimens were deposited
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Fig. 1. Mating adults of Nemophora takaosana sp. nov. at the foot of Mt. Takao, Tokyo. A. Mating pair

found on September 28, 2021. B. Ditto, photo from a different angle.

at the Entomological Laboratory of Kyushu University,
Japan.

DNA analysis

One male (Sample ID/GenBank accession number:
SaY980/PQ299078) and one female (SaY981/PQ299077)
specimen of Nemophora takaosana sp. nov. were used for
DNA analysis. Additionally, two specimens of
Nemophora aurifera (Butler, 1881) and one of N.
tenuifasciata (Hirowatari, 2005) were analyzed in this
study for comparison (Table 1). The cytochrome c oxidase
subunit I (COI) barcodes were analyzed, following
Hirowatari et al. (2022). The operational taxonomic units
(OTUs) for our phylogenetic analysis were as follows:
Nemophora species in Hirowatari et al. (2022), the
samples in Liao et al. (2023), and several Japanese species
of Nemophora obtained from this study (Table 1). As
outgroups, Adela purpurea (Walker, 1863) and Cauchas
cyanella (Busck, 1915) were downloaded from GenBank
(www.ncbi.nlm.nih.gov). The uncorrected pairwise
distances (p-distances) were calculated using MEGA
10.2.6 (Stecher et al., 2020). Phylogenetic trees were
constructed using the maximum likelihood (ML) method
in the IQ-TREE web server, version 1.6.12 (Trifinopoulos
et al., 2016), with auto-substitution model selection,
ultrafast bootstrap analysis with 1000 repetitions, and
Shimodaira—Hasegawa-like approximate likelihood ratio
tests (SH-aLRT) with 1000 repetitions. The treefile was
visualized using Figtree v1.4.4 (Rambaut, 2018).

Description

Nemophora takaosana Hirowatari & Yagi sp. nov. (Figs
1-8)

urn:lsid:zoobank.org:act: 1BC6D37B-5C44-4A81-B498-
1A2CE50FD09F

Type materials: Holotype & Hatsuzawayama, Hachioji,
Tokyo, 1-2. x. 2022, T. Hirowatari, J.-H. Park., K. Ito
leg., genitalia slide no.: TH522, Sample ID: SaY980.
Paratypes: 1J, same locality as holotype, 29. ix 2021, K.
Ito leg.; 19, same label as holotype, genitalia slide no.:
TH523, Sample ID: SaY981; 8J, 59, same label as
holotype; 14, 39, same locality and date as holotype,
J.-H. Park, T. Hirowatari leg.

Diagnosis: This new species is easily distinguishable
from other Japanese species of Nepmophora by the small
size (forewing length approximately 5.2 mm, whereas
approximately 6.0-10.0 mm in other species) and the
presence of a pair of narrow, yellowish-white fasciae on
the forewings of both sexes. It is similar to N.
duplicifascia Liao, Hirowatari & Huang, 2023 (reported
from Sichuan and Hunan, China) in the forewing
patterns, but can be distinguished by the following
characteristics: the smaller size (male forewing length is
5.0-5.3 mm in N. takaosana, whereas it is 6.0 mm in N.
duplicifascia); the forewing ground color pale ochreous
with bright metallic luster in N. takaosana (dark brown
to black with bright bronze or coppery red metallic luster
in N. duplicifascia); the longer male antennae
(approximately 3 X the forewing length in N. takaosana
compared to 1.3 X in N. duplicifascia). Regarding the
male genitalia, the valvae are widely separated ventrally
in N. takaosana, whereas they are approximated ventrally
in N. duplicifascia; the vesica lacks distinct spines
(cornuti) in N. takaosana, whereas it has two rows of
spines in N. duplicifascia.
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Table 1. List of Japanese and Chinese Nemophora species used for DNA analysis in this study.

111

GenBank
Species name Sample ID accession Location Primer sets for PCR Reference
number
Nemophora takaosana sp.  SaY980 PQ299078 Japan, Hatsuzawayama, LepF1/LepR1 This study
nov., male, holotype Hachioji, Tokyo
Nemophora takaosana sp.  SaY981 PQ299077 Japan, Hatsuzawayama, LepF1/LepR1 This study
nov., female, paratype Hachioji, Tokyo
Nemophora aurifera SaY1034 PQ299076 Japan, Tsushima Island LepF1/LepR1 This study
Nemophora aurifera SaY1035 PQ299075 Japan, Hokkaido LepF1/LepR1 This study
Nemophora tenuifasciata  SaY977 PQ299074 Japan, Okinawa Island LCO1490/HCO2198 This study
Nemophora albiantenella  LCQ025 PP065968 China, Hunan LCO1490/HCO2198 Liao et al. (2023)
Nemophora sakaii LCQO037 PP065981 China, Guangxi LCO1490/HCO2198 Liao et al. (2023)
Nemophora bifasciatella ~ LCQ042 PP065974 China, Guangxi LCO1490/HCO2198 Liao et al. (2023)
Nemophora decisella LCQO058 PP065978 China, Shaanxi LCO1490/HCO2198 Liao et al. (2023)
Nemophora decisella LCQO059 PP065979 China, Shaanxi LCO1490/HCO2198 Liao et al. (2023)
Nemophora askoldella LCQ248 PP065991 China, Guanyun Mountain LCO1490/HCO2198 Liao et al. (2023)
Villa, Taiwan
Nemophora chionites LCQQ681  PP065992 China, Hunan LCO1490/HCO2198 Liao et al. (2023)
Nemaphora tanakai LCQ703 PP065965 China, Hunan LCO1490/HCO2198 Liao et al. (2023)
Nemophora aurifera LCQ705 PP065977 China, Hunan LCO1490/HCO2198 Liao et al. (2023)
Nemaphora assamensis LCQ711 PP065990 China, Hunan LCO1490/HCO2198 Liao et al. (2023)
Nemaphora fluorites LCQ713 PP065963 China, Hunan LCO1490/HCO2198 Liao et al. (2023)
Nemophora basalistriata ~ LCQ775 PP065989 China, Jiangxi LCO1490/HCO2198 Liao et al. (2023)
Nemophora LCQ822 PP065976 China, Hunan LCO1490/HCO2198 Liao et al. (2023)
badagongshana
Nemophora duplicifascia ~ SaY706 PP066003 China, Sichuan LCO1490/HCO2198 Liao et al. (2023)
Nemohora duplicifascia SaY707 PP066004 China, Sichuan LCO1490/HCO2198 Liao et al. (2023)
Nemophora trimetrella SaY712 PP066009 Japan, Fukuoka Prefecture LCO1490/HCO2198 Liao et al. (2023)
Nemophora pruinosa SaY713 PP066008 Japan, Okinawa Prefecture LCO1490/HCO2198 Liao et al. (2023)
Nemophora umbripennis ~ SaY714 PP066007 Japan, Fukuoka Prefecture LCO1490/HCO2198 Liao et al. (2023)
Nemophora optima SaY715 PP066001 Japan, Fukuoka Prefecture LCO1490/HCO2198 Liao et al. (2023)
Nemophora albiantennella SaY717 PP066002 Japan, Fukuoka Prefecture LCO1490/HCO2198 Liao et al. (2023)

Male: Forewing length 5.3 mm in holotype, 5.0-5.3 mm
in paratypes; Wingspan 11.0 mm in holotype, 10.8-11.3
mm in paratypes (n=16).

Head: Vertex with raised yellow hairs; face smooth,
scarcely covered with bronze scales having golden luster.
Eyes moderate in size, widely separated dorsally; eye
size index: ~1.0; interocular index: 0.95. Proboscis pale
yellow, basal 1/3 with bronze scales. Maxillary palpus
vestigial. Labial palpus short, approximately 0.5 X
vertical eye diameter, smooth, pale yellow, sparsely
mixed with brown hair. Antenna 15.2-16.4 mm, 2.8-3.3
X forewing length, entirely smooth; dark bronze basally
and somewhat paler apically. Legs: fore and mid legs:

femur and tibia bronze with metallic purple tinge, tarsus
white ringed with dark brown; hind legs: femur silvery
white, tibia bronze with long raised brown hairs dorsally
and ventrally ringed with dark brown distally; hind tibia
covered sparsely with long raised ochreous hairs
dorsally; hind tarsus: ochreous, each tarsomere has an
apical white ring. Tegula and thorax (dorsum) smooth
with golden scales. Forewing: lanceolate, length
approximately 3.5 X width; ground color pale ochreous,
with bright metallic luster; basal 1/5 with a narrow
straight yellowish-white fascia, margined anteriorly and
externally with black; middle part with a narrow
yellowish-white transverse central fascia margined
internally with broad black band and outwardly with
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Fig. 2. Nemophora takaosana sp. nov. A. Holotype, male. B. Paratype, female. Scales: 5 mm.

Paratype, female.

narrow black band; apical 1/3 scattered with black and
yellow scales; cilia: ochreous with bronze metallic luster;
R; and R, stalked; M, and M, approximate or touch
basally (Fig. 6A). Hindwing and cilia dark brown.
Abdomen: dark brown; terminal segments with a bundle
of black hairs; frenulum consisted of a single long and
stout bristle.

Female: Forewing length 4.5-4.9 mm; Wingspan 10.4—
10.8 mm (n=0).

Head: Vertex with raised yellow hairs; face smooth with
golden luster. Eyes: small, eye size index: 0.67,
interocular index: 0.7. Labial palpus short, approximately
1 X wvertical eye diameter, smooth, mixed with dark
brown hair. Antenna 5.2-5.3 mm, 1.1-1.2 X forewing
length; basal 2/3 thickened with smooth black scales
having metallic blue luster; distal 1/3 silvery white,
smooth and slender. Tegula and thorax (dorsum) smooth
with golden scales, with posterior dark-blue scales.
Forewing: central fascia whitish and somewhat broader

Fig. 3. The head of Nemophora takaosana sp. nov.

o

A. Holotype, male. B.

than that in males; R; and R, separate; M, and M,
separate basally (Fig. 6B). Hindwings and cilia dark
brown; frenulum consisted of three or four short and thin
bristles. The other parts are similar to those of the males.

Male genitalia (Fig. 7): Uncus short with a weak median
keel. Vinculum short, about 2.2 X wvalva. Valvae
triangular in ventral view, rounded apically, well
separated ventrally. Suspensorium trapezoid; anterior
part not beyond posterior margin of vinculum in ventral
view. Transtilla narrow medially, wide laterally near
valva; median process spiniform. Phallus relatively short
and slender, basally broad, weakly curved dorsally;
vesica with pair of narrow sclerites near apex; manica
with minute dorsal spines. Juxta: arrow-shaped;
arrowhead short and small, triangular; lateral arms
moderate in length.

Female genitalia (Fig. 8): Apophyses posteriores and
anteriores long and slender. Vestibulum membranous,
dorsal posterior portion of lamella indistinct. Bursa
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Fig. 4. Nemophora takaosana sp. nov. and its habitat. A—B. Males perched on
leaves. C. Female perched on leaf. D. Rhododendron plants on which
swarming males were observed.

Fig. 5. Nemophora takaosana sp. nov. and its habitat. A—C. Females feeding

or perching on the flowers of Eupatorium makinoi. D. Habitat where E.

makinoi grows.

copulatrix short and membranous.

DNA barcode: The COI barcode sequences of male and
female N. takaosana sp. nov. completely matched (BIN
ID: BOLD: AFS1724; Fig. 9, Table 2). The smallest
interspecific pairwise distance was 5.32% between N.

takaosana sp. nov. and N. pfeifferella (Hiibner, 1813)
from France (Process ID/BIN ID: TLMF Lep 05723/
BOLD: ABU7336). The distance was larger than the
threshold of empirical interspecific distances (3% in
Hebert et al., 2003).
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B

Fig. 6. Wing venation of Nemophora takaosana sp. nov. A.
Male. B. Female.

Biology: On September 28, 2021, at approximately
10:30, the second author observed a swarm of this
species. More than 10 males flew approximately 1 m
above the shoots of Viburnum dilatatum Thunb.
(Adoxaceae) protruding from azalea (Rhododendron sp.,
Ericaceae) plantation on the slope, and on the tips of the
thin branches of Akebia quinata Decne. (Lardizabalaceae)
entwined with the hedge of azaleas. He then discovered a
mating pair that had fallen to the ground (Fig. 1A, B). On
September 29 and October 2, 2021, at the same place, he
confirmed that the males were actively flying between
10:30-13:00. The weather on September 28 and 29 was
cloudy and occasionally sunny.

In 2022, the second author observed one male flying
around 12:15 on September 22, and a group of 3—4 males
swarming around 7:30 on September 25. On October 1,
2022 (sunny, 17-28°C), during 13:00-16:00, we observed

some males perching on the leaves (Fig. 2), and a swarm
of 3-5 males at the same site where he first found the
species. Between 14:00-15:00, we observed many
females (Fig. 3) and a small number of males sucking
nectar from Eupatorium makinoi T. Kawahara et Yahara
(Asteraceae) at the same location where the females were
found in 2021. Patrinia villosa (Thunb.) Juss.
(Caprifoliaceae) flowers, which are known ovipositing
plants for adelids, were also found nearby, but no
ovipositing behavior of the females was confirmed. In
addition, some visiting moths were preyed upon by the
flower spider Ebrechtella tricuspidata (Fabricius, 1775),
which is considered an important natural enemy. On
October 2, 2022 (sunny, 16-29C), around 14:00,
Hirowatari and Park also observed the flight of 2 males
at the planting of azaleas, and observed 2 females visiting
a Eupatorium makinoi flower.

In summary, from 2021 to 2022, the occurrence of this
species was confirmed from late September to early
October (September 22 to October 6), and the swarming
of males was observed at various times during the day.
We also surveyed other areas around this site, but this
species was found only in a limited area.

Distribution: Tokyo, Japan.

Etymology: Derived from mountain range of the type
locality of the new species.

Remarks. DNA analysis showed N. fakaosana sp. nov.
formed a clade with N. umbripennis Stringer, 1930, N.
askoldella (Milli¢re, 1879), and N. purinosa Hirowatari,
2005 with high SH-aLRT support/ultrafast bootstrap
support (91.9/98). The uncorrected pairwise distances
between N. fakaosana sp. nov. and these species were
6.1-6.9%. This clade is supported by the presence of a
median keel on the uncus of the male genitalia. However,
this species may be related to N. aurifera which has a
pair of narrow sclerites on the vesica of male genitalia.
However, the barcode region for this species was 7.1—
7.4%. In addition, the pairwise distance between N.
takaosana sp. nov. and N. duplicifascia, whose
appearance was similar to that of the new species, was
7.1%. Further analysis is required to identify the close
relatives of this species.

In Japan, adelid moths are active, and swarms can be
seen during the day in spring. In summer, when the
daytime is hot and dry, swarms can be seen cloudy or
around sunset (Hirowatari and Nagaike, 1998; Sasaki et
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F

Fig. 7. Male genitalia of Nemophora takaosana sp. nov. (holotype). A. Whole genitalia
except for the phallus (ventral view). B. Ditto (lateral view). C. Dorsum (dorsal view).
D. Phallus and juxta (dorsal view). E. Ditfo (ventral view). F. Ditto (lateral view).

al., 2017). In the case of this species, since it occurs in
autumn and the temperature is between 16 and 29°C, it is
assumed that they are active throughout the day.

Surprisingly, this species was discovered near a
residential area at the foot of Mt. Takao in Tokyo. The
reason this species has not been noticed until now may
be due to its small size in the family Adelidae. In fact,
males flying in groups looked like swarming mosquitoes
rather than typical adelid moths. Another reason is the

late emergence time from late September to early
October, which is exceptional in Japanese Adelidae.

Although this species has only been confirmed at the foot
of Mt. Takao, it may also inhabit the surrounding areas.
It is also necessary to pay attention to its occurrence in
other regions of Japan.
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Fig. 8. Female genitalia of Nemophora takaosana sp. nov. (paratype). A. Terminalia
(dorsal view). B. Ditto (lateral view). C. Vestibulum (dorsal view).
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Fig. 9. ML tree of the genus Nemophora based on DNA barcode region generated using the IQ-TREE web server. The
numbers near each node are SH-aLRT support (%) / ultrafast bootstrap support (%). Numbers are indicated in case both
support values are higher than 50%.

group of the genus Nemophora Hoffmannsegg, 1798
(Lepidoptera: Adelidae) from China. Zootaxa 5219: 301-338.
Trifinopoulos J, Nguyen LT, von Haeseler A, Minh BQ, 2016.
W-IQ-TREE: a fast online phylogenetic tool for maximum
likelihood analysis. Nucleic Acids Research 44: 232-235.
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7 ANRZ K 7 F I Nemophora )& 13, EHH 15K
200 A SN T WS, HATIE 28I SN T
WABD, AR RS R oo T dos 7z,
L2L, HEHEERILEOMRINTE 572 FHL
Bhro e RMFEIER INL. AoRRIE, FE
D— N () %2021 4F 9 H T A O3 R
HReERINETHEL, T05HE2 2y b LEOH D
AR L2 L2538 T 5. IREDRRE
DEHEZ T, HATIIRMOMTH 5 2 &L %l
L7z, 2022 4F 10 H FAICE DO RN TILIE & A
WHIZFEATL, BEEREZRET L E LB, HT
DEREN G IERZ /LI ENTE. BohER
X, BoBER, Bk, MR AR O TR & BEAE
Lg% L L BT, EBHEAIDNA N— I — NHIE
AT LR T — & LR L7z, ZORE, A
KL TH 5 Z LAV L 7= THHE L L TRl
L7

Nemophora takaosana Hirowatari & Yagi sp. nov. % 7

Fav s (Fd) (Figs 1-8)

2021 4E & 2022 442, VY VEH ORI O F TR
(BEAE) 32 S MR LI FYNFOILETHREL

TWa JQ itz REL 7.

AZITIR S5%  YANG S o iR /N

AFf X Nemophora JEDOHTH H - & H/NETH S
Z&, F A2 MOEHWE LD ETHA
FEDAAE &L A5 IZIX BT & 5. AT EEHED S
RLHK S L7z N. duplicifascia Liao, Hirowatari & Huang,

2023 1XWB 25, KD /ANITH L L, FIHHRE
AN RN &, HERRIRDO/NIVNHIEH THEN
52k, vesica ICHIFE LR (comuti) b7z wnie
ETXITE S, /2, N—a— FHEIBO/Y D
T1% R oTWwWiz, T2, F ALELD vesica 12
AONLEHEROEKR2LERY TS H N
aurifera \ZAE TH L REMED H H 25, N—T—F
I 7.1-7.4% B > T/, —TJ5 T, DNA AT
DFERTIEF A 7 0 s+ 4 N umbripennis, ) 2
Y ¥ a7 a4 N purinosa, ¥ &7 N.
askoldella 2 £ LW L7 L—FNIZ&Eh, 2L —F
WOEFED /N — 32— FHIIE 6.1-6.9% 7% > T
7. DbEoZ ehs, RESBHED b e b5z
HZEIZHS D, EORIEHZEMEE HITHE
T HULEND L.

AR AR R R I E O I W TR &
NEDBEXTHS720, CRE TR EN o
T2 E LTAEDIEFIT/IITHL 2 EDHITH
N5, EBRICHERZLTVWSL S IINEDL S 2o
7. F9OATH~10 H EWIcHBTsZ Ry
i v & 7 & i U B S B W 2 & DR
NI Do 72HHD 1 D THh A S . AHEIZH
HTEERUEOMRINTL ER STV AN
WS, TORBR HARGHIZ AR L T D REMEAS
BB, FEEEGE LW,
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