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Summary. The taxonomic position of the Lecithocera luridella Christoph, 1882
and rank of the group Carcina Hiibner, [1825] are established on the base of the inte-
grative approach, combining comparative morphological and molecular phylogenetic
methods. The belonging of the L. luridella to the genus Carcina is established on the
base of similarity in the male genitalia with the type species of the genus, Pyralis
quercana Fabricius, 1775. On the base of analysis of sequenced fragments mtCOI
and nuclear 28SD1 were estimated genetic divergence of group Carcina from other
oecophoroid taxa. It is revealed that parameters of genetic distances between
nucleotide sequences in representatives of oecophoroid family-group taxa are low,
but comparable. Since group Carcina equal-deviated from other oecophoroid taxa of
family rank it is proposed to consider this group in the status of separate family. The
problem with homonymy of family-group name Carcinidae should be solved by
referring to the International Commission on Zoological Nomenclature.
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M. I'. llonomapenko, II. H. Yepuukona. K Bompocy TaKCOHOMHMYECKOIro
noaoxkennst Lecithocera luridella Christoph m Carcina Hiibner B cucreme
mHUpPoKoKpbLIbIX MoJeii (Lepidoptera: Oecophoridae sensu lato) // Jaabue-
BOCTOYHBIH 3HTOMOJIOT. 2018. N 366. C. 1-18.

Pe3rome. Takconomnueckoe nosoxxenue Lecithocera luridella Christoph, 1882
u panr rpynmnsl Carcina Hiibner, [1825] ycTaHOBIEHB Ha OCHOBE MHTETPATHBHOTO
MOJXO0/a, BKJIIOYAIOUIETO CPaBHUTEIHHO-MOP(OIOTHYECKUH M  MOJIEKYJISPHO-
¢unoreneTnyeckmii Metonsl. [lpuHamnexHocts L. luridella x pony Carcina ycra-
HOBJIEHA HAa OCHOBE CXOJICTBA HCCIIEAYEMOTO BHa C THUIIOBBIM BHIOM pofa, Pyralis
quercana Fabricius, 1775, B cTpoeHnr TeHUTaINii cam1ioB. Ha ocHOBe aHanmm3a cek-
BeHupoBaHHbIX ¢parmenToB mtCOI u smepHOro 28SD1 Obla orieHeHa reHeTHIeCcKas
quseprenuus rpynmnsl Carcina OT ApYrux 3KO(QOpPOUAHBIX TaKCOHOB. BhIsABICHO,
YTO MOKa3aTeIH TE€HETHYECKON IMCTAHIMM MEXIY HYKJICOTHIHBIMH IIOCIENO0Ba-
TENILHOCTSAMH Y TpeAcTaBUTeNeil SKO(OPOUIHBIX TAaKCOHOB TIPYIIIBI CEMEWCTBa
HU3KHE 110 CPABHEHUIO C TAKOBBIMU B JIPYT'HX HAJCEMEMCTBAX MUKPOYELIYEKPbUIbIX,
HO conoctaBuMble. Ha ocHOBe paBHoro ykiionenus: Carcina OT Jpyrux 3K0(popou-
HBIX CEMEICTB MPEUI0KEHO PaCCMaTPUBATh 3Ty TPYIITY B PAHI€ CAMOCTOSITEIBHOTO
cemeiictBa. [IpobnemMy ¢ omoHmmued Ha3BaHuUs rpymisl cemelictBa Carcinidae
cieyer pemnth obpamenneM B MexayHaponHyto Komuccuro o 3oonornueckoi
HOMEHKJIaType.

INTRODUCTION

Gelechioid complex includes a number of taxa, the position of which in the
system of the order Lepidoptera is debatable in spite of the attempts to solve the
problem by modern methods. That is evident from the 3 papers devoted to the
system of Gelechioidea which were published during the last 7 years. All of them
based on results of extensive analyses of morphological and molecular data and
offer significant changes in the system of Gelechioid complex with the reconsidering
of taxa ranks and composition of some families (Kaila et al., 2011; Heikkila et al.,
2013; Sohn et al., 2015 online/2016). One of the problematic groups, position of
which has been changed most frequently in recent years, is a small genus Carcina
Hiibner, [1825]. Establishing of relationships of the latter is very actual because,
until recently, the genus Carcina regarded as one of the possible taxonomic position
for Lecithocera luridella Christoph, 1882, which is the one of the points of present
study.

The main goal of present work is establishing of the relationships of L. luridella
and specifying of the status the group Carcina. The integrative approach, combining
the morphological and molecular methods, was applied for solving of these
taxonomic tasks. Generic association of L. luridella was performed by comparative-
morphological analysis of the male genitalia of this species and type species of the
genus Carcina, Pyralis quercana Fabricius, 1775. The taxonomic rank of the group
Carcina was established based on wide molecular-phylogenetic analysis of
oecophoroid moths.



MATERIAL AND METHODS

Species sampled. The material on /uridella and other oecophoroid moths was
collected by first author in the southern Primorskii krai (PK, Russia). Insects were
attracted on the light, specimens for molecular research were preserved in 96%
ethanol and other specimens were processed as dry collection for morphological
study.

Species, sampled for molecular study, locality of their collecting and number of
voucher are in the Table 1. Studied dry specimens are listed in the item Material
examined in the text. Species, for which the nucleotide sequences of mtCOI
fragments were taken from GenBank (NCBI), are listed in Table 2.

In total, 64 specimens belonging to 52 species from 15 families of Microlepi-
doptera were involved in present study. In the Tables, the taxa are given in order
mainly according to Catalogue of Lepidoptera of Russia (Sinev, 2008) taking into

account changes within oecophoroid moths accepted by Lvovsky (2016).

Table 1. List of Microlepidoptera species sampled for molecular study

Name of species Locality Voucher
Nos.

Carcina luridella PK, Chuguevskii distr., "Zov Tigra" Nat. | V-254

(Christoph, 1882) Park, Pobedinskaya polyana, 7-11.06.2013

Ypsolophidae

Ypsolopha yasudai PK, Vladivostok, 5 km SEE Okeanskaya st., | V-345

Moriuti, 1964 Bogataya Griva ridge, 15.07.2016

Ethmiidae

Ethmia septempunctata PK, Khasanskii distr., 14 km SW Slavyanka, | V-126

(Christoph, 1882) Ryazanovka, 12-22.08.2010

Depressariidae

Luquetia lobella ([Denis & | PK, Chuguevskii distr., "Zov Tigra" Nat. | V-289

Schiffermiiller], 1775) Park, Milogradovka riv., 22-26.06.2015

Agonopterix PK, Chuguevskii distr., "Zov Tigra" Nat. | V-280

costaemaculella Park, Milogradovka riv., 22-26.06.2015

(Christoph, 1882)

Agonopterix japonica PK, Chuguevskii distr., "Zov Tigra" Nat. | V-286

Saito, 1980 Park, Milogradovka riv., 22-26.06.2015

Agonopterix propinquella PK,Vladivostok, Sputnik, 1-3.05.2015 V-275

(Treitschke, 1835)

Peleopodidae

Agnoea kurentzovi PK, Chuguevskii distr., Zov Tigra Nat. Park, | V-288

(Lvovsky, 2001) Milogradovka riv., 22-26.06.2015

Lypusidae

Letogenes festalis Meyrick, | PK, Khankaiskii distr., 2 km NE Dvoryanka | V-290

1930 vil,, 8-11.07.2015




Table 1. Continue

Name of species Locality Voucher
Nos.

Chimabachidae

Dasystoma salicella PK, Oktyabrskii distr., 48 km NW Ussurijsk, | V-91

(Hiibner, 1796) 17 km W Pokrovka, 12-14.04.2009

Cryptolechiidae

Eutorna leonidi Lvovsky, PK, Shkotovskii distr., Anisimovka vil., | V-335

1979 10.08.2016

QOecophoridae

Deuterogonia pudorina PK, Khasanskii distr., 27 km SW Slavyanka, | V-95

(Wocke, 1857) Srednyaya Bay, 9-16.08.2009

Promalactis parki PK, Khasanskii distr., 14 km SW Slavyanka, | V-256

Lvovsky, 1986 Ryazanovka, 12-22.08.2010

Martyringa ussuriella PK, Khankaiskii distr., 2 km NE Dvoryanka| V-294

Lvovsly, 1979 vil., 8-11.07.2015

Periacma sp. PK, Khasanskii distr., 27 km SW Slavyanka, | V-97
Srednyaya Bay, 9-16.08.2009

Lecithoceridae

Odites ussuriella (Caradja, |PK, Khankaiskii distr., 2 km NE Dvoryanka| V-295

1920) vil., 08-11.07.2015

Scythropiodes malivora PK, Vladivostok, 5 km SEE Okeanskaya st.,| V-330

(Meyrick, 1930) Bogataya Griva ridge, 05.08.2016

Scythropiodes ussuriella PK, Vladivostok, 5 km SEE Okeanskaya st.,| V-316

Lvovsky, 1996 Bogataya Griva ridge, 02.08.2016

Rhizosthenes falciformis PK, Shkotovskii distr., 6 km SW Anisimovka | V-337

Meyrick, 1935 vil,, 11.08.2016

Blastobasidae

Neoblastobasis biceratala PK, Khasanskii distr., 27 km SW Slavyanka, | V=96

(Park, 1984) Srednyaya Bay, 9-16.08.2009

Autostichidae

Autosticha modicella PK, Vladivostok, 5 km SEE Okeanskaya st., | V-312

(Christoph, 1882) Bogataya Griva ridge, 15.07.2016

Gelechiidae

Psoricoptera arenicolor PK, Vladivostok, 5 km SEE Okeanskaya st.,| V-347

Omelko, 1999 Bogataya Griva ridge, 27.08.2016

Psoricoptera gibbosella PK, Khankaiskii distr., 2 km NE Dvoryanka| V-352

(Zeller, 1839) vil,, 8-11.07.2015

Hypatima venefica PK, Khasanskii distr., 14 km SW Slavyanka, | V-71

Ponomarenko, 1991 Ryazanovka, 12-22.08.2010

Faristenia ussuriella PK, Khasanskii distr., 14 km SW Slavyanka, | V-72

Ponomarenko, 1991 Ryazanovka, 12-22.08.2010

Anarsia bimaculata PK, Khasanskii distr., 14 km SW Slavyanka, | V-75

Ponomarenko, 1989

Ryazanovka, 12-22.08.2010




Table 2. List of Microlepidoptera species for which the nucleotide sequences of

mtCOI are taken from GenBank

(Matsumura, 1931)

Name of species Voucher GenBank Accession Nos.
Carcina quercana (Fabricius, UKLB39G05 KX043593.1
1775)

Tineidae

Tinea columbariella Wocke, 10ANIC-05087 HQ948716.1
1877

Tineola bisselliella Hummel, FFOHO00122 0101 KU494269.1
1823

Trichophaga tapetzella MM20697 KX049539.1
(Linnaeus, 1758)

Ethmiidae

Ethmia pusiella (Linnaeus, 1758) | TLMF Lep 08402 KMS572295
Depressariidae

Semioscopis strigulana ([Denis | TLMF Lep 04799 KX042739.1
et Schiffermiiller], 1775)

Semioscopis steinkellneriana TLMF Lep 04797 KX042129
([Denis et Schiffermiiller], 1775)

Levipalpus hepatariella (Lienig | MM21082 KT782381.1
& Zeller, 1846)

Exaeretia ciniflonella (Lienig et | BIOUG16742-E01 KR940502.1
Zeller, 1846)

Agonopterix ocellana TLMF Lep 04798 KX042760.1
(Fabricius, 1775)

Depressaria leucocephala TLMF Lep 02724 JF860247.1
Snellen, 1884

Depressaria radiella (Goeze, TLMEF Lep 04948 KX042381.1
1783)

Psorosticha zizyphi (Stainton, 10ANIC-04066 HQ923097.1
1859)

Peleopodidae

Acria ceramitis Meyrick, 1908 AYK-04-5621 GU828542.1
Elachistidae

Elachista bifasciella Treitschke, | TLMF Lep 02355 JF859911.1
1833

Chimabachidae

Diurnea fagella ([Denis et MMO05960 GU828735.1
Schiffermiiller], 1775)

Cryptolechiidae

Acryptolechia malacobyrsa KTP-06-0115 KF523762.1
(Meyrick, 1921)

QOecophoridae

Oecophora bractella (Linnaeus, | UKLB39G01 KX044171
1758)

Promalactis suzukiella - KM875542




Table 2. Continue

Name of species Voucher | GenBank Accession Nos.
Lecithoceridae

Scythropiodes issikii - KP174664.1

(Takahashi, 1930)
Blastobasidae
Neoblastobasis perisella USNM:ENT:00196946 GQ330285.1
Adamski, 2010
Lateantenna spiniharpella JCS-06-0129 KF523811.1
Kuznetzov et Sinev, 1985
Autostichidae
Autosticha pachysticta JCS-06-0168 KF523751.1
(Meyrick, 1936)
Autosticha modicella JCS-06-0175 KF523749.1
(Christoph, 1882)
Lypusidae
Agnoea josephinae (Toll, 1956) | TLMF Lep 04109 JN307369.1
Carposinidae
Carposina sasakii Matsumura, BIOUGO01486-E01 KT134033.1
1900

Morphological study. The male and female genitalia were prepared by tradi-
tional lepidopterological techniques (Falkovich & Stekolnikov, 1978). The genitalia
were studied using a stereomicroscope Nikon SMZ-10. Photos of the male genitalia
of Carcina quercana (Fabricius, 1775) from the sites Lepiforum, Fauna Europaea,
Svenska fjdrilar / Fjdrilar Lepidoptera and Moth Dissection UK (Wheeler, 2018)
were used for morphological comparison.

Molecular study. Target fragments. The two target fragments, mtCOI (658 bp)
and nuclear 28SD1 (340 bp), were selected for estimation of genetic distances within
oecophoroid moths. The phylogenetic analysis with reconstruction of the tree was
made on the base of mtCOI only. It was explored in previous study, that pairwise
distances (0.00-0.004—0.008) between nucleotide sequences of 28SD1 within
oecophoroid moths are low (Trofimova & Ponomarenko, 2015), and processed tree
based on them is not informative, consisting of the numerous unresolved branches.

DNA extraction, polymerase chain reaction (PCR) and sequencing. Total
genomic DNA from thoracic and abdominal muscle was extracted following the
protocol Purification of Genomic DNA from insects appended to Qiagen DNeasy
Blood & Tissue Kit (Qiagen GmbH, Hilden, Germany). For each sample of geno-
mic DNA was used one individual of every species. Polymerase chain reaction
(PCR) was used to amplify the target fragment of the COI gene using the primer
combinations COIF-ALT: ACA AAT CAY AAR GAY ATY GG’ and COIR-ALT:
TTC AGG RTG NCC RAA RAA YCA, after Mikkelsen et al. (2006). For ampli-
fication of the fragment 28SD1 of nuclear ribosomal gene the primer combinations,
forward GGG GAG GAA AAG AAA CTA AC and reverse CAA CTT TCC CTT
ACG GTA CT are used after Larsen (1992).
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Each PCR amplification was performed in a total volume of 10 ul of PCR
mixture consisting of 1 pl 10X Taq buffer, 0.25 ul 10 mM dNTP mixture, 0.1 U of
DreamTaq DNA polymerase, 0.375 ul 2.5 mM/ul of each forward and reverse
primer, 0.5 pl of DNA from each sample and 7,4 pl deionized water. For optimi-
zation of PCR 1pul 25 mM MgCl, was added to PCR mixture. PCR was started from
denaturation at 95°C for 2 min 30 s. Thermal cycling conditions (on a ProFlex
3x32-Well PCR System Applied Biosystems-4484073) were 35 x [95°C for 30 s,
50°C for 30 s, 72°C for 1 min 10 s, 72°C for 10 min] and cooling to 10°C for 5 min.

PCR products were cleaned by wusing a Thermo Scientific FastAP
Thermosensitive Alkaline Phosphatase (Thermo Fisher Scientific, USA) and then
amplified for sequencing using the protocol of BigDye Terminator v.3.1 Cycle
Sequencing Kit. PCR fragments were sequenced in Genetic Analyser 3130xl,
(Applied Biosystems, USA). The amplified sequences of mtCOI (644-658 bp in
length) and 28SD1 (244-340 bp in length) were aligned and analyzed with the
software packages SequenceScanner v 1.0 and MEGA-7 (Kumar et al., 2016).

Phylogenetic analysis. The divergence (evolutionary distance) between nucleo-
tide sequences of the mtCOI and 28SD1 fragments was estimated in 36 and 26
species, respectively, of oecophoroid moths and other families of Microlepidoptera.
It was done by the Pairwise Distance method, using Kimura 2-parameter model
(Kimura, 1980). The phylogenetic tree with inferred relationships between oecopho-
roid groups was constructed on the base of mtCOI fragment by Neighbor-Joining
statistical method, Kimura 2-parameter model with using software packages MEGA-
7. To make the results more reasonable, the data from the GenBank on the
nucleotide sequences of the target fragment mtCOI in 22 species of oecophoroid
groups and 4 species from Tineidae and Carposinidae, as outgroups, were included
into analysis.

TAXONOMIC HISTORY OF
LECITHOCERA LURIDELLA CHRISTOPH, 1882

The species Lecithocera luridella Christoph, 1882 was described in a nominative
genus of the family Lecithoceridae on the base of a type series including specimens
collected at Radde village (Jewish Autonomous Region) and at Vladivostok,
Russian Far East. The species has been forgotten about 75 years from last mention
in the catalog of Gelechiadae [sic!] (Meyrick, 1925). It is noteworthy that this
species is absent in the Key to the insects of Russian Far East, part 2 (Lvovsky,
1999). However, the mentioned issue of the book includes the species Carcina
homomorpha (Meyrick, 1931). It should be noted that the last species, described
from Hokkaido, is a type of monotypic genus Heterodmeta Meyrick, 1931, which
was treated as the junior synonym of Carcina Hiibner, [1825] by Moriuti (1982).
After a long period of oblivion, the syntypes of the L. luridella was studied and
designation of the lectotype was made. As result, it was established that luridella is
conspecific with homomorpha and the latter specific name was proposed to consi-
der as junior synonym of the previous one (Lvovsky, 2001).
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In the Check-list of broad-winged moths and in the Catalogue of Lepidoptera of
Russia the specific name luridella was given as senior synonym of homomorpha in
combination with the genus Carcina within the family Oecophoridae (Lvovsky, 2003,
2008). Both the proposed synonymy and the taxonomic position of the species
luridella were not unanimously accepted by colleagues and adopted in taxonomic
sites on Lepidoptera.

Proposed synonymy was reflected on the site "Lepidoptera and some other life
forms" (Savela, 2001), but genus Carcina is considered there in the subfamily
Peleopodinae within the family Depressariidae. The species homomorpha and
luridella are listed in the status of independent taxa in the database of the Museum
of Natural History in London, both valid names are given in original combination
with generic names: homomorpha — with the genus Heterodmeta in the family
Occophoridae, and luridella with the genus Lecithocera adequately in the Lecitho-
ceridae (Beccaloni ef al., 2003). In the book "The Standard of Moths in Japan", the
homomorpha is listed as a valid species name in the genus Carcina in the family
Ocecophoridae (Ueda, 2013).

In the recently published Annotated catalogue of the insects of Russian Far East,
Vol. 2, luridella is given in combination with the generic name Heferodmeta
Meyrick, 1931, without restoring of this generic name from synonymy, also without
indications on establishing of a new combination and transferring of the species into
the family Oecophoridae (Lvovsky, 2016). As to the genus Carcina, it was
excluded from the fauna of the Russian Far East without comments.

As to taxonomic position and status of the genus Carcina, it was originally
included into the family Oecophoridae sensu lato. Meyrick, describing the Australian
fauna, proposed Carcinides, as name for group of genera close to genus Carcina
(Meyrick, 1906). This group was placed there in Depressarianae [sic!] within
family Oecophoridae. Later the genus was included into Depressariades group in
the same family (Meyrick, 1922). At the end of last century the name Carcinides was
changed on Carcinini by Nye and Fletcher (1991). Soon Leraut (1992) proposed to
consider this group as separate family Carcinidae. Often the genus Carcina was not
included in any oecophoroid family-group taxa and in the systems resulting from
the phylogenetic analyses of superfamily Gelechioidea was given in generic rank
along with the family-group taxa (Minet, 1990; Fetz, 1994).

At the beginning of current century the status of separate family Carcinidae in
oecophoroid lineage was supported by Kaila (2004). But soon the status of this
group was re-considered and it was included into family Peleopodidae (Kaila et al.,
2011) or family Depressariidae (Heikkild et al., 2013). In lastest phylogenetic
analysis this taxon was not included and its position and status were not discussed
(Sohn et al., 2015/2016). Shortly before cited paper it was established that family
name Carcinidae Meyrick, 1906, based on Carcina Hiibner, [1825], invalid being a
junior homonym of Carcinidae MacLeay, 1838 based on Carcinus Leach, 1814, in
Malacostraca (van Nieukerken et al., 2011).

It should be noted that authors traditionally placed this genus into family Oeco-
phoridae (Lvovsky, 1981, 1999, 2003; Hodges, 1983; Ueda, 2013).

Considered taxonomic changes in the position of the species luridella, transfer-
ring not only between two genera but two families, and genus Carcina, which status
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had been changed from generic one within Oecophoridae and Depressariidae to
separate family, make these taxa "problematic" with uncertain taxonomic position.

RESULTS

Comparative morphological analysis

Carcina luridella (Christoph, 1882), comb. ressur.
Figs 1,2

MATERIAL EXAMINED. Russia: Vladivostok, Sad-gorod, 12.VI 1994, 3 &
(Ponomarenko); Ussurijskii distr., 20 km SE Ussurijsk, Gornotaezhnoe, 11, 12, 14,
16.VI1 1995, 5 &, 1 Q (Ponomarenko); Khasanskii distr., Kedrovaya pad' reserve, 6,
11, 15.V1 1974, 3 & (Ermolaev).

REMARKS. The male genitalia of luridella (Figs. 1, 2) are very similar structu-
rally with the genitalia of C. quercana, the type species of the genus Carcina (Figs.
3-5). The similar characters are as following: the uncus hook-like, narrowed
towards the apex; base of the gnathos with two unique long sclerites presumably
functioning as apodemes for intersegmental muscles m;; juxta bearing long
processes, pointed to the apex; valva deeply divided into cucullus (dorsal lobe) and
sacculus (ventral lobe); cucullus more or less wide and setaceous; sacculus
possesses a dense brush of short strong bristles apically, its distal part can be curved
inwardly or be unbended (Fig. 5); arcuate aedeagus with sclerotized ventral side.

In addition to genital morphology, there is a similarity in forewing shape with
convex costal margin of the forewings and in rest pose of both compared species,
characterized by flatly folded wings on the back and extended forward forelegs.

Differences between both species are in the shape of some genital structures and
do not concern the general plan of the genital morphology. Thus, the luridella is
differing by triangular gnathos, more extended distally cucullus with relatively
wider distal part, juxta with processes gradually tapered towards apex, whereas the
related species, quercana, with longitudinally elongated gnathos, juxta with
processes widened at the middle. Also differences are in the shape of the forewing
apex, which is more rounded in /uridella and is slightly sharpened in quercana.

Based on the habitual similarity and close male genitalia of the [uridella and
quercana, the first species should be considered within genus Carcina: Carcina
luridella (Christoph, 1882), comb. ressur.

DISTRIBUTION. Known distribution to the species is limited to Russian Far
East (Jewish Autonomous Region, south of Khabarovskii krai, Sakhalin, Kunashir
and Primorskii krai) and Japan (Hokkaido, Honshu, Shikoku).

Phylogenetic analysis based on the mtCOI and nuclear 28SD1 fragments

The estimates of evolutionary divergence between nucleotide sequences of
mtCOI fragment in representatives of oecophorid complex (or oecophorid lineage
after Kaila, 2004) show that the genus Carcina has almost equal genetic distances

with species from Depressariidae (0.142—0.163) and Oecophoridae (0.147-0.153)
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(Table 3). Both families were considered as most appropriate for taxonomic position of
the genus Carcina. The intervals of genetic distance overlapping with previous ones are
detected between Carcina and the species from Ethmiidae (0.145), Lypusidae (0.145—
0.175), Cryptolechiidae (0.147), Peleopodidae (0.148—0.175) and Chimabachidae

Figs. 1-5. Carcina spp., male genitalia. 1-2 — C. luridella, 3-5 — C. quercana: 1, 3 —
ventral view; 2, 4 — aedeagus, lateral view; 5 — unbended apical part of sacculus. Figures 3—5
are redrawing from photos on the sites Svenska fjérilar and Moth Dissection UK (Wheeler,
2018).

10



Table 3. Estimates of evolutionary divergence between sequences of mtCOI fragment
in representatives of oecophoroid moths and other groups of Microlepidoptera

No peci 1 2 3 4 5 6 7 8 9 10 [ 11 12 | 13 | 14 | 15
Carcina quercana
Agonopterix ocellana 0.149
Agonopterix japonica 0.153[0.043
4 A. propir Il 0.147| 0.06 | 0.06
5 | Levipalpus hepatariella 0.163]0.075)0.089)0.089
6 | Psorosticha zizyphi 0.148]0.072(0.079]0.091{0.094
7__| Exaeretia cinifionella 0.157]0.101]0.108(0.093|0.107]0.114
8 | Depressaria radiella 0.144]0.094/0.091]0.087]0.1170.103]0.105
9 | Depressaria leucocephala _ ]0.144]0.075/0.084/0.089]0.112)0.1010.108|0.084
10 | A. costaemaculella 0.147(0.089[0.093|0.101{0.118{0.114]0.136{0.112]0.10€
1| Semioscopis steinkelineriana |0.149]10.101]0.116| 0.1 ]0.114[0.123| 0.14 |0.108]0.121]0.101
2| Semioscopis strigulana 0.155[0.105 0.1 10.091/0.112] 0.11 |0.134/0.096]0.112|0.098)0.057
3| Luquetia lobella 0.142[0.112{0.125|0. 0. 0.125[0.157]0.109{0.109]0.107]0.077{0.075
4| Promalactis suzukiella 0.153[/0.103]0.105]0. 0.127)0.105]0.123]0.108]0.108{0.138]0.145]0.145] 0.14
Oecophora bractella 0.147(0.123]0.123]0.138]0.134]|0.114]0.141 0.13 |0.114]0.134]0.147[0.136|0.143]0.107
Agnoe kurentzovi 0.175[0.167]0.163]0.173]0.179]0.167]0.203{0.1710.165] 0. 0.169]0.165(0.171]0.166/0.161
Agnoe josephinae 0.145/0.125] 0.13 [0.128] 0.14 |0.121]0.151]0.127]0.132{0.141{0.141]0.138]0.151/0.121]0.127
|18 | Acryptolechia malacobyrsa 0.147[0.149] 0.14 10.155]0.145]0.145[0.151]0.1380.141]0.168|0.157]0.151]0.157 | 0.13 |0.134
19 | Elachista bifasciella 0.136(0.151]0.153[0.149]0.155]0.161]0.145/0.149)0.134]0.142(0.161/0.149|0.178/0.157 | 0. 5—5|
20 | Letogenes festalis 0.175[0.165]0.167{0.175]|0.182]0.174]0.204/0.165]0.161]0.177{0.191]0.184]0.187[0.179] 0. Q
21| Acria ceramitis 0.148[0.167]0.173]0.157|0.169]0.174]0.149{0.1610.1530.173]0.175[0.169]0.173]0.167 [0.155
22| Scythropiodes issikii 0.199(0.186]0.179]0.181]0.2040.188]0.195[0.172] 0.18 | 0.19 [0.212]0.207|0.2 0.17 {0.206)
| 23 | Odites ussuriella 0.213[0.1940. 0.214)0.208]0.204{0.198]0.202{0.182]0.187]0.206| 0.22 |0. 0.194]0.194
24 | Ethmia pusiella 0.145 0.11 |0. 0.119]0.127]0.121]0.134|0. 0.112{0.128/0.128)0.143[0.125|0.117]0.125
Autosticha pachysticta 0.134]0.125[0.134]0.143]0.147]0.132[0.138] 0.136] 0.13 [0.145]0.134]0.136]0.147]0.116]0.11§]
Autosticha modicella 0.144[0.116]0.132{0.147]0.141]0.134]0.147]0.127] 0.13 |0.134/0.138]0.143]0.146/0.132] 0.13
Diurnea fagella 0.161]/0.136]0.145]|0.125]0.157 | 0.14 0.149/0.112]0.142|0.155/0.138(0.136/0.149[0.151] 0.14
28 | Neoblastobasis spiniharpella |0.127]10.116]0.125]0.123]0.147 | 0. 0.141]0.108/0.125]0.141{0.121]0.128/0.134]0.1410.132]
129 | Neoblastobasis perisella 0.142(0.134]0.1410.145[0.141]0.129]0.138/0.136|0.149/0.145|0.151]0.1410.166{0.143| 0.134]
30 | Carposina sasakii 0.151]0.132]0.129]0.128]0.145]0.119/0.145/0.1270.132]0.147] 0.16 |0.143/0.159] 0.13 | 0.14
31| Ypsolopha yasudai 0.177{ 0.14 ] 0.14 [0.125]0.136]0.147{0.145)|0.132]0.141]0.172|0.155] 0.16 [0.161]|0.134]0.155
32| Psoricoptera arenicolor 0.14 ]0.134/0.145]0.136/0.155)0.153]0.155]0.141 0.14 |10.127]0.134]0.125]0.151]0.141{0.138|
33 | Psoricoptera gibbosella 0.142[0.132]0.143[0.134]0.153]0.151]0.153|0.143]0.138{0.125]0.132|0.123]0.149| 0.14 |0.136
4 | Tinea columbariella 0.173]0.168[0.162]0.1660.17810.1740.182/0.162]0.164/0.178]0.182/0.178]0.194) 0.168 0.18
5 | Tineola bisselliella 0.186(0.168]0.1780.184]0.176|0.178] 0.19 |0.172]0.182|0.176] 0.18 {0.184] 0.2 [0.162)0.188
6 | Trichophaga tapetzella 0.226[0.184] 0.2 | 0.21 |0.202]0.188[0.212]0.178| 0.2 ]0.206{0.202| 0.2 |0.201]0.213| 0.2
No| 16 [ 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30 | 31 | 32 | 33 | 34 | 35
1
2
3
4
5
6
7
8
9
10
11
12
3
14
15
16
1710.109
18]0.167]0.136!
190.187]0.168]0.151
200.189/0.159(0.188[0.177
210.197]0.159[0.153]0.167{0.136
22|0.193|0.182|0.185] 0.2 [0.186] 0.19
230.241]0.198] 0.21 |0.231]0.199[0.194/0.189
2410.14610.121]0.117]0.143|0.163]0.134/0.177]0.174
25]0.171{0.119)0.114]0.147]0.163|0.147]0.187]0.186 | 0.091
260.187]0.127]0.132]0.159/0.155|0.142]0. 0.186)0.101]0.075
27]0.175[0.145]0.143]0.1820.205]|0.167]0.192{0.217|0.117|0.141]0.136
28]0.173/0.123]0.127{0.1460.169]0.147 | 0. 0.181]0.107{ 0.11 | 0.11 |0.118
9 0. 0.128]0.143] 0.14 |0.179]0.151]0.207]0.205]|0.114]0.114[0.127]0.144| 0.08
0 0. 0.149]0.153/0.138]0.163/0.165)0.195[0.202|0.132]0.136{0.143]0.155/ 0.13 |0.138
1]0.185]0. 0.1430.167]0.191]0.198/0.195|0.206|0.127[0.149( 0.14 |0.153]0.121/0.132{0.158
32) 0.16 {0.121]0.145[0.142]0.155)0.136{0.177]0.204|0.138]0.125[0.1280.157 | 0.125[0.147]0.136[0.155
33]0.158/0. 0.143] 0.14 {0.153]0.134]0.175/0.202]0.136{0.123]0.128(0.157]0.123[0.145]0.1340.155|0.002
3410.217{0.182{0.164]|0.194[0.225| 0.2 ]0.242]0.233]0.153[0.164| 0.16 [0.178/0.176]0.176] 0.17 | 0.18 [ 0.19 |0.188
35]0.227]0.174[0.184]|0.199]0.213[0.211]0.2470.265 0.18 |0.158]|0.155] 0.18 {0.157]0.159/0.159] 0.19 [0.178]0.176| 0.14.
36]0.2390.215[0.208]0.234]0.234[0.235|0.256]0.269| 0.2 ]0.217]0.198]0.194] 0.19 |0.186/0.194]0.197]0.209]0.207 | 0.204{0.218
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Table 4. Estimates of evolutionary divergence between sequences of 28SD1 fragment
in representatives of oecophoroid moths and other groups of Microlepidoptera

No Specil 1 2 3 4 5 6 7 8 9 10 1
1 | Carcina luridella_254

2 | Agonopterix propinquella_275 | 0.008

3 | A. costaemaculella_280 0.013 || 0.004

4 | Agonopterix japonica_286 0.008 || -0.00 | 0.004

5 | Agnoea kurentzovi_288 0.017 | 0.008 | 0.013 [ 0.008

6 | Luquetia lobella_289 0.013 || 0.004 | 0.008 | 0.004 | 0.004

7 | Letogenes festalis_290 0.008 || -0.00 | 0.004 | -0.00 | 0.008 [ 0.004

8 | Martyringa ussuriella_294 0.008 || 0.008 | 0.013 | 0.008 | 0.017 [ 0.013 | 0.008

9 | Odites ussuriella_295 0.017 | 0.017 | 0.021 | 0.017 | 0.026 | 0.021 | 0.017 | 0.013

10| Autosticha modicella_312 0.008 || -0.00 | 0.004 | -0.00 | 0.008 | 0.004 [ -0.00 | 0.008 | 0.017

11| Ethmia semipunctata_126 0.021 | 0.013 | 0.017 | 0.013 | 0.021 | 0.017 | 0.013 | 0.021 [ 0.03 | 0.013

12| Neoblastobasis sp._96 0.013 | 0.013 ] 0.017 | 0.013 | 0.021 [ 0.017 | 0.013 | 0.013 | 0.021 | 0.013 [ 0.026
13| Dasystoma salicella_91 0.004 || 0.004 | 0.008 | 0.004 | 0.013 | 0.008 | 0.004 | 0.004 | 0.013 | 0.004 | 0.017
14| Periacma sp._97 0.004 || 0.004 | 0.008 | 0.004 | 0.013 | 0.008 | 0.004 | 0.004 | 0.013 | 0.004 | 0.017
15| Deuterogonia pudorina_95 0.004 || 0.004 | 0.008 | 0.004 | 0.013 | 0.008 | 0.004 | 0.004 | 0.013 | 0.004 | 0.017
16| Promalactis parki_ 256 0.004 || 0.004 | 0.008 | 0.004 | 0.013 | 0.008 | 0.004 | 0.004 | 0.013 | 0.004 | 0.017
17| Letogenes festalis_318 0.013 | 0.013 ] 0.017 | 0.013 | 0.021 | 0.017 | 0.013 | 0.013 | 0.021 | 0.013 | 0.026

18| Scythropiodes lividula_86 0.008 || 0.008 | 0.013 | 0.008 | 0.017 | 0.013 | 0.008 | 0.008 | 0.008 | 0.008 | 0.021
19| Scythropiodes ussuriella_316 | 0.008 || 0.008 | 0.013 | 0.008 | 0.017 | 0.013 | 0.008 | 0.008 | 0.017 | 0.008 | 0.021
20| Scythropiodes malivora_330 | 0.008 || 0.008 | 0.013 | 0.008 [ 0.017 | 0.013 | 0.008 | 0.008 | 0.017 | 0.008 | 0.021

21| Eutorna leonidi_335 0.017 | 0.017 | 0.021 | 0.017 | 0.021 | 0.021 | 0.017 | 0.017 | 0.026 | 0.017 | 0.03
22| Rhizosthenes falciformis_337 | 0.013 || 0.013 | 0.017 | 0.013 | 0.021 [ 0.017 | 0.013 | 0.013 | 0.013 | 0.013 | 0.026
23| Anarsia bimaculata_75 0.017 ) 0.013 | 0.017 | 0.013 | 0.021 | 0.017 | 0.013 | 0.017 | 0.026 | 0.013 | 0.026
24 Faristeni iella_72 0.021 1 0.021 | 0.026 | 0.021 | 0.03 | 0.026 | 0.021 | 0.021 | 0.03 | 0.021 | 0.034
25| Hypatima venefica_71 0.039 || 0.034 | 0.039 | 0.034 | 0.034 | 0.039 | 0.034 | 0.039 | 0.047 | 0.034 | 0.048
26| Tineidae sp._251 0.061 || 0.061 | 0.056 | 0.061 | 0.07 | 0.066 | 0.061 | 0.061 | 0.07 | 0.061 | 0.075

No| 12 13 14 15 16 17 18 19 20 21 22 23 24 25

1

2

3

4

5

6

7

8

9

10

11

12

13] 0.008

14) 0.008 | -0.00

15/ 0.008 | -0.00 | -0.00

16] 0.008 [ -0.00 | -0.00 | -0.00

17] 0.017 | 0.008 | 0.008 | 0.008 | 0.008

18/ 0.013 | 0.004 | 0.004 | 0.004 | 0.004 | 0.013

19] 0.013 [ 0.004 | 0.004 | 0.004 | 0.004 | 0.013 | 0.008

20| 0.013 | 0.004 | 0.004 | 0.004 [ 0.004 | 0.013 | 0.008 | -0.00

21/ 0.021 | 0.013 | 0.013 | 0.013 | 0.013 | 0.013 | 0.017 | 0.017 | 0.017

22| 0.013 | 0.008 | 0.008 | 0.008 | 0.008 | 0.017 | 0.004 | 0.013 | 0.013 | 0.021

23| 0.021 | 0.013 | 0.013 | 0.013 | 0.013 | 0.021 ] 0.017 | 0.017 | 0.017 | 0.026 | 0.021

24/ 0.026 | 0.017 | 0.017 | 0.017 | 0.017 | 0.026 | 0.021 | 0.021 | 0.021 | 0.03 [ 0.026 | 0.013

25| 0.043 | 0.034 | 0.034 | 0.034 | 0.034 |.0.034 | 0.039 | 0.039 | 0.039 | 0.034 | 0.043 | 0.03 | 0.039

26| 0.061 | 0.056 | 0.056 | 0.056 | 0.056 | 0.056 | 0.061 | 0.061 | 0.061 | 0.07 [ 0.066 | 0.07 | 0.075 | 0.094
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Fig. 6. Phylogenetic relationships of Oecophoroid taxa inferred using Neighbor-joining
method. The percentage of replicate trees in which the associated taxa clustered together in

the bootstrap test (1000 replicates) is shown from 50%.

13



(0.161). Minimal genetic divergence between Carcina and Blastobasidae (0.127—
0.142), Autostichidae (0.134-0.144), Elachistidae (0.136) is revealed. The parameters in
the listed intervals are corresponding to the genetic distances between Carcina and the
species from Gelechiidae (0.14-0.142), which is belonging to sister lineage within
superfamily Gelechioidea. It should be noted that maximal parameters of divergence
within superfamily Gelechioidea equal to the genetic distances between examined genus
and other microlepidopteran groups — Carposinidae (0.151), Ypsolophidae (0.177) and
Tineidae (0.173-0.226).

The estimates of evolutionary divergence between sequences of 28SDI fragment
in the examined representatives of oecophoroid complex show that genus Carcina
has minimal genetic distances with the species from Chimabachidae (0.004) and
Oecophoridae (0.004-0.008) (Table 4). The group consisting of the families
Peleopodidae  (0.008), Autostichidae (0.008), Depressariidaec (0.008-0.017),
Lecithoceridae (0.008—0.017) and Blastobasidae (0.013) are with overlapping intervals
of genetic distances. Lypusidae (0.017) and some representatives from Lecithoceridae
(0.017) are more deviated. The largest evolutionary distances were found between
Carcina and representatives from Gelechiidae (0.017-0.039) and Ethmiidae (0.021).

The tree of evolutionary relationships of oecophoroid taxa is constructed on the
base of phylogenetic analysis of 36 nucleotide sequences of mtCOI fragment (Fig. 6).
The genus Carcina is clustered together with species from the family Elachistidae.
The families Depressariidae and Oecophoridae, which are considered as appropriate
taxa for genus Carcina, are joined into one clade opposed to clade with nested
Carcina.

DISCUSSION AND CONCLUSION
Taxonomic position of Lecithocera luridella Christoph, 1882

The taxonomic position of the East-Asian species [uridella is established on the
base of high similarity in morphology of male copulatory apparatus with type species
of the genus Carcina. Thus, three species should be included into the genus Carcina:
Carcina quercana (Fabricius, 1775), type species, common in the Western Palearctic
and in Western North America; Carcina haemographa Meyrick, 1937 known from
Central Africa; and Carcina luridella (Christoph, 1882), distributed in East Asia.

Taxonomic position and status of the Carcina Hiibner, [1825]

The assessment of the pairwise distances in representatives of oecophoroid
families and other Microlepidoptera shows that Carcina is equally-diverged from
Depressariidae (0.142—0.163) and Oecophoridae (0.147-0.153) on the base of mtCOI
and has compatible genetic distances with currently separated oecophoroid families —
Chimabachidae (0.004), Oecophoridac (0.004-0.008), Peleopodidaec (0.008),
Autostichidae (0.008), Depressariidae (0.008-0.017) and Lecithoceridae (0.008—
0.017) based on the 28SD1.
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Besides, the genetic divergence between Carcina and some representatives of
the families Depressariidae, Lecithoceridae and Lypusidae (0.142 on COI; 0.017 on
28SD1) is same as between this genus and species from Gelechiidae (0.14-0.142 on
COI; 0.017 on 28SD1). The genetic distances between oecophoroid families are low
not only on the nuclear fragment 28SD1, but also on the fragment mtCOI-II (8.5—
11.1%)) that was shown in previously study (Trofimova & Ponomarenko, 2015).

Comparing these parameters with intraspecific genetic distances in other group of
Lepidoptera and other insects, they are corresponding to the genetic divergence between
close species or species belonging to the related genera (Cognato, 2006). On the other
hand, despite of the low genetic distances between representatives of the oecophoroid
families and within superfamily Gelechioidea at whole, the parameters listed above
are comparable with the average pairwise distances between taxa from subfamily
Microgastrinae (Hymenoptera), which is 0.18 for the sequenced gene COI (Banks
& Whitfield, 2006).

Comparison of the recently published phylogenetic trees reconstructed on the
base of comprehensive analyses of morphological and molecular data indicates that
Carcina equiprobable nested within clades included different oecophoroid families
(clades are given in Newick tree format (Olsen, 1990; Cardona et al., 2008), support
values is indicated by subscript numerals after the parenthesis, bootstrap less 50% is
not shown):

(Lypusidae,  (Carcinidae:  Carcina, (Stenomatidae, (Chimabachidae,
Elachistidae),),),), in Kaila, 2004 (Bremer support is shown);

((((Lecithoceridae, Peleopodidae)ss, Carcina)es, Depressariidae),g, Elachistidae:
Aeolanthes),s in Kaila et al., 2011 (here and below bootstrap support is shown);

(((Lecithoceridae, Peleopodidae);y (Carcina, Depressariidae: Aeolanthes),s)ss,
Elachistidae),s in Heikkila et al., 2013;

(Lypusidae, ((Elachistidae, Carcina)gy, ((Lecithoceridae, Peleopodidae)s,
Gelechiidae))) in present study.

It is visible that genus Carcina, being genetically equal-deviated, alternately
clustered together with families Depressariidae, Peleopodidae, Elachistidae,
Chimabachidae, Lecithoceridae, and Lypusidae, from which is logically suggested
that Carcina should be of the same taxonomic status as listed above taxa.

Summarizing the obtained results, the taxonomic position and status of the
genus Carcina in the system of oecophoroid moths could be solved by one of two
equally probable ways.

Since all modern separate families are weakly diverged groups, as evidenced by
the reconstructed trees frequently with unresolved branches and changeable rooting
of basal branches with low bootstrap support, it would be logically to combine weakly
diverged families into one taxon. The modern tendency to split taxa into small groups
with high taxonomic rank is not always reasonable. According to the written above,
the genus Carcina should be placed in the family Oecophoridae sensu lato, along
with a number of relatively newly established weakly diverged families. This is more
or less justified, in view of the recent frequent redistribution of groups between
families, accompanied by a change in their taxonomic rank (Kaila, 2004; Kaila et
al., 2011; Heikkila et al., 2013; Sohn et al., 2015).
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The second way to solve this problem is associated with maintaining a unified
approach in the allocation of high rank taxa. This way becomes more popular and is
associated with the fragmentation of taxa into small monophyletic groups. This is
not always reasonable, but it removes the problem of creating heterogeneous taxa,
monophyly of which is not evident. Therefore, taking into account that Carcina is
equal-deviated from Depressariidae, Oecophoridae, Lecithoceridae and other oeco-
phoroid taxa on the base of molecular data, this group should be considered as an
independent taxon of family rank Carcinidae, that has been already proposed by
Leraut (1992) and the authors of present study are supporting this decision.

However the family group name Carcinidae Meyrick, 1906, which is based on the
genus name Carcina Hiibner, [1825] invalid being a junior homonym of Carcinidae
MacLeay, 1838, which is based on the genus name Carcinus Leach, 1814 in Mala-
costraca (van Nieukerken et al., 2011). According to ICZN (1999), Art. 55.3, a case
when homonymy results from similarity but not identity of the generic names must
be referred to the International Commission on Zoological Nomenclature for a
ruling to remove homonymy.
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