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Abstract. The species of the subgenus Ahlbergia Bryk, 1947 of the genus Callophrys Billberg, 1820 of Rus-
sia are revised using the external characters of adults and the characters of the male and female genitalia
combined with the phylogenetic analysis of the COI gene. Our analysis revealed three species present in
Russia: Callophrys (Ahlbergia) confusa (Huang, Chen et Li, 2006), status promotus, C. (A.) korea (John-
son, 1992), status promotus, and C. (A.) frivaldszkyi (Lederer, 1855). The name C. (A.) inopinata (M.M.
Omelko, 1995), syn. nov. is placed in synonymy with C. (A.) frivaldszkyi. An identification key for the
species of the subgenus Ahlbergia of Russia is provided.

Pesiome. zyuensr Buzbl mogpona Ahlbergia Bryk, 1947 pona Callophrys Billberg, 1820 Poccun. Ananus
BHENIHUX ITPU3HAKOB M IIPU3HAKOB MOP(OIOTMM TeHUTAINI CAMIIOB M CAMOK, a TaKKe MOJIEKYJISPHO-
dusorenernueckuii ananus reaa COI BoissBuin Ha Tepputopun Poccun tpu una: C. (A.) confusa (Huang,
Chen et Li, 2006), status promotus, C. (A.) korea (Johnson, 1992), status promotus u C. (A.) frivaldsz-
kyi (Lederer, 1855). Haspanuue C. (A.) inopinata (M.M. Omelko, 1995), syn. nov. CHHOHUMHU3UPOBAHO C
C. (A)) frivaldszkyi. TlpuBenén K04 A/ onpeaesenns BunoB noapoaa Ahlbergia Poccun.

Key words: morphology, genitalia, DNA barcoding, phylogenetic analysis, Insecta, Lycaenidae, Thecli-
nae, Eumaeini, Callophrys

Kuitouessie caoBa: mopdomorus, reuntanuu, JHK-6apkogunr, dusoredeTnyeckuii ananus, Insecta,
Lycaenidae, Theclinae, Eumaeini, Callophrys

ZooBank Article LSID: 6D404326-7DC4-4D6C-BFCC-5C5DA5215E58

Introduction al., 2022; Krupitsky et al., 2023), with most spe-
cies occurring in mountains of East Asia, mainly

Ahlbergia Bryk, 1947 is currently treated asa  in China (Johnson, 1992; Huang & Zhu, 2016).
subgenus of the genus Callophrys Billberg, 1820, A consistent review of the former genus Ahlber-
tribe Eumaeini, subfamily Theclinae (Robbins et  gia was started by Johnson (1992), who described
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most of the diversity of this genus, known to be a
part of the so-called “Palaearctic elfin butterflies”,
apart from Ahlbergia uniting the subgenera Cis-
satsuma Johnson, 1992 and Novosatsuma John-
son, 1992. Since Johnson’s study, the total number
of Ahlbergia species has been raised to 30 (Huang
& Sun, 2016; Huang, 2021; Krupitsky et al., 2023;
Huang, 2023).

Our knowledge of the subgenus Ahlbergia is
not complete yet, which is indicated by descrip-
tions of new species and taxonomic changes pub-
lished during the last decade (Huang & Zhou,
2014; Huang & Sun, 2016; Huang & Zhu, 2016;
Huang, 2021, 2023). These studies considerably
advanced the taxonomy of this genus but were de-
voted mainly to Chinese species.

The taxonomy of Ahlbergia inhabiting Russia
is controversial. For a long time, only two species,
Callophrys (Ahlbergia) frivaldszkyi (Lederer, 1855)
and C. (A.) ferrea (Butler, 1866), have been report-
ed from Russia (e.g., Korshunov, 2002). In his re-
view of the “Palaearctic elfin butterflies”, Johnson
(1992) described four new taxa based on type spec-
imens collected in Russia (in his opinion): C. (A.)
korea (Johnson, 1992), C. (A.) leei (Johnson, 1992),
C. (A) frivaldszkyi tricaudata Johnson, 1992, and
C. (A) frivaldszkyi aquilonaria (Johnson, 1992).
Later, M. Omelko in Omelko & Omelko (1995) de-
scribed one more species from the Primorskiy Terri-
tory in the Russian Far East, C. (A.) inopinata. The
name C. (A.) korea was synonymised with C. (A.)
ferrea by Matsuda & Bae (1998), and the names
C. (A) frivaldszkyi tricaudata, C. (A.) frivaldszkyi
aquilonaria and C. (A.) leei were usually considered
subspecies or synonyms of C. (A.) frivaldszkyi (Mat-
suda & Bae, 1998; Tshikolovets et al., 2002; Tshi-
kolovets & Streltzov, 2019). Generally, there was no
consensus in treating these taxa as synonyms, sub-
species, or distinct species during the last 25 years,
so different authors recorded from two (Dubatolov
et al., 2019; Tshikolovets & Streltzov, 2019) to five
(Huang & Zhu, 2016) species in Russia.

The most recent revision of Aklbergia involving
the taxa known from Russia was made by Huang
& Zhu (2016). They considered C. (A.) tricauda-
ta a distinct species, treated C. (A.) aquilonaria
as a synonym of C. (A.) frivaldszkyi, and listed
C. (A) frivaldszkyi, C. (A.) ferrea, C. (A.) leei (un-
der question), C. (A.) tricaudata, and C. (A.) inopi-
nata (as a taxon of uncertain status) for the fauna
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of Russia. However, the conclusions made by these
authors were based mostly on materials from Chi-
na and published data, so the taxa of the subgenus
Ahlbergia of Russia still remained unrevised.

The purpose of this study is to revise Ahlber-
gia of Russia using an analysis of the morphology
combined with molecular phylogenetic analysis.

Material and methods

Morphological analysis. We studied the mor-
phological characters of 136 Ahlbergia specimens
from Russia, North Korea, South Korea, and Ja-
pan deposited in the private collection of Anatoly
Krupitsky (AKM), the collection of the Ameri-
can Museum of Natural History, New York, USA
(AMNH), the collection of the Natural History
Museum of the Humbold University (Museum
fir Naturkunde, Zentralinstitut der Humboldt-
Universitat), Berlin, Germany (MfNB), the private
collection of Nazar Shapoval, St Petersburg, Rus-
sia (NSS), the collection of the Siberian Zoological
Museum of the Institute of Animal Systematics,
Russian Academy of Sciences, Novosibirsk, Russia
(SZMN), the private collection of Vasily Tuzov,
Moscow, Russia (VTM), and the collection of the
Zoological Institute, Russian Academy of Sciences,
St Petersburg, Russia (ZISP). Of them, 26 speci-
mens were dissected for analysis of the male and fe-
male genitalia. The characters used for the species
delimitation in the Palaearctic elfin butterflies are
selected following Johnson (1992), Huang & Zhou
(2014), and Huang & Zhu (2016). The nomencla-
ture of the genitalia and wing pattern is adapted
after Johnson (1992) and Krupitsky (2018). The
nervuration nomenclature follows the Comstock —
Needham system adapted for butterflies (Miller,
1970). For the examination of the male genitalia,
the abdomens of the specimens examined were re-
moved and macerated in 10% KOH. After cleaning
in water and dehydration in 96% EtOH, a genital
capsule with valvae and a separated aedeagus were
placed in a drop of glycerol, covered with a cover
glass, and photographed.

The images of the specimens examined were
taken with a digital camera Canon EOS 5D mark
IT equipped with a Sigma 150 mm f2.8 lens, using
an originally developed light system and a flash
Canon Speedlight 430 EX with a diffuser. The
images of the genitalia were taken with a Canon
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EOS 6D digital camera equipped with a Canon
MP-E 65 mm f/2.8 lens, using two Micromed
Dual Goose illuminators. The photos of the cor-
nuti were taken with a Micromed 3 trinocular mi-
croscope equipped with a ToupCam 5.1 MP video
eyepiece. The obtained images were edited using
Adobe Photoshop CC 2014.2.2 software.

Distribution. Occurrence data were compiled
based on the labels of the specimens examined, re-
liable published data, the Global Biodiversity In-
formation Facility (GBIF, 2023), and iNaturalist
(2023) research grade observations. The distri-
bution maps were generated using SimpleMappr
(https://www.simplemappr.net/) and then edited
with Adobe Photoshop CC 2014.2.2 software.

DNA extraction, amplification and sequenc-
ing. Total genomic DNA was extracted from one
leg per specimen using the QIAamp DNA Inves-
tigator Kit (Qiagen, Venlo, The Netherlands) fol-
lowing the manufacturer’s protocol. Mitochondri-
al DNA barcode (a 658 bp fragment of the COI
gene) was amplified using LCO1490/HCO2198
(Folmer et al., 1994) and LepF/LepR primer pairs
(Hajibabaei et al., 2006). In cases where standard
lepidopteran barcode primers failed to yield a suf-
ficient product, we amplified a full-length barcode
fragment using the primer pair combinations LepF/
MH-MR! + MH-MF1/LepR and LCO1490/
MH-MR1 + MH-MF1/HCO2198 (Lukhtanov
et al., 2009) and primers previously designed for
Ahlbergia species (Krupitsky et al., 2023).

The PCR amplifications were performed in a
25 pL reaction volume per sample. Each reaction
contained 1 uL template DNA (ca. 10—50 ng ge-
nomic DNA), 1.3 pL of both forward and reverse
primers aliquoted to a standard concentration of
10 uM, 5 pL of 5% ScreenMix (Evrogen, Moscow,
Russia), and 16.4 pL of ddH20O. The temperature
profile was as follows: initial denaturation at 95 °C
for 5 min, followed by 35 cycles of denaturation
at 94 °C for 30 s, annealing at 50 °C for 30 s, and
extension at 72 °C for 1 min 30 s, with a final ex-
tension at 72 °C for 10 min.

The purified PCR products were subjected to
further sequencing. Sequencing of the double-
stranded product was carried out at the Research
Resource Centre for Molecular and Cell Technol-
ogies (St Petersburg State University, St Peters-
burg, Russia) using an ABI 3500xL analyser. All
sequences obtained in this study were deposited
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in GenBank (http://www.ncbi.nlm.nih.gov/; elec-
tronic supplementary material 1, see the section
“Addenda”).

Phylogenetic analysis. Our ingroup dataset
included all taxa of Ahlbergia previously reported
from Russia except C. (A.) inopinata and C. (A.)
leei. For taxonomic purposes, specimens from Ka-
zakhstan, South Korea, and Japan were also includ-
ed in the analysis. Eight specimens were sequenced
during the current study, and 15 sequences were
obtained from GenBank (electronic supplementa-
ry material 1, see the section “Addenda”). The COI
sequence of the hairstreak Neolycaena (Rhym-
naria) baidula Zhdanko, 2000 (MW785936) was
used as the outgroup. Thus, the final dataset for
the phylogenetic analysis included 24 specimens.

The sequences were aligned with GENEIOUS
v.7.1.9 (Kearse et al., 2012). Phylogenetic analysis
was performed using the Bayesian inference (BI)
approach. The Bayesian estimation of posterior
probability was performed in MrBayes v.3.2.5
(Ronquist & Huelsenbeck, 2003), applying the
GTR + G + I evolutionary model as suggested
by PartitionFinder v.2.1.1 (Lanfear et al., 2012).
Markov chains were sampled at intervals of 500
generations. Two runs of ten million generations
with four chains (one cold and three heated) were
performed. The final phylogenetic tree images
were rendered in FigTree v.1.4.0 (Rambaut, 2012)
and then edited using Adobe Illustrator CC 2018
and Adobe Photoshop CC 2014.2.2 software.

Results
Order Lepidoptera

Family Lycaenidae

Subfamily Theclinae

Tribe Eumaeini

Genus Callophrys Billberg, 1820
Subgenus Ahlbergia Bryk, 1947

Callophrys (Ahlbergia) frivaldszkyi
(Lederer, 1855)
(Figs 1-8, 16-22, 35, 36)

Thecla frivaldszkyi Lederer, 1855: 100, pl. 1, fig. 1.
Type locality: “Ust-Bukhtarminsk” [Kazakhstan,
East-Kazakhstan Province, Altai District, envi-
rons of New Bukhtarma, ca. 49°40'N 83°40'E].
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Satsuma inopinata M. Omelko in Omelko & Omelko,
1995: 218, figs. 1-8, syn. nov. Type locality: “Gor-
notaezhnaya stantsiya” [Russia, Primorskiy Terri-
tory, ca. 18 km SE from Ussuriysk, Gornotaezhnoe,
Mountain-Taiga Station].

Type material examined. Lectotype of Thecla
[frivaldszkyi: “Altai” [Kazakhstan, East Kazakhstan
Prov., Altai Distr., New Bukhtarma env., ca. 49°40'N
83%40'E] // “Coll. Led” [collection of Lederer] //
“Origin”, female (MfNB). Paralectotype of Thecla
[frivaldszkyi: “Frivaldsz / kyi Kind. Led. / Sibiria occ.
[identalis]” [Kazakhstan, East Kazakhstan Prov., Al-
tai Distr., New Bukhtarma env., ca. 49°40'N 83°40'E] //
“Coll. Led” //“Origin”, 1 male (MfNB). Paratyps
of Satsuma inopinata: “[Russia,] Primorskiy Terr. /
Ussuriysk env. / GTS 1/1981 [ca. 18 km SE from Us-
suriysk, Gornotaezhnoe, Mountain-Taiga Station] /
Omelko M.M.” [Cyrillic script] // “Paratypus Sat-
suma / inopinata / M.M. Omelko, 1995”, 1 male,
1 female (SZMN).

Additional material examined. Russia: Omsk Prov.:
Tarskiy Distr., 3 km E Samsonovo Vill,, 56°58'27.90" N,
74°24'43.39" E, 15V.2021, S.A. Knyazev leg., 2 males,
voucher Nos. 25FR (GenBank No. OL457024), 27FR
(GenBank No. OL457026) (AKM); same label, 1 female,
voucher No. 26FR (GenBank No. OL457025) (AKM);
Kemerovo Prov.: Novokuznetsk, Kara-Chumysh
Riv,, 350 m, 4-9V.1996, V. Sinyaev leg., 1 male (AKM);
same label, 1 male, voucher No. CAL158 (AKM); Re-
public of Khakassia: Beyskiy Distr., 5 km E of Bo-
goslovka Vill, 52°57'56.2"N 91°24'43.6"E, 500 m,
20V~1VI1.2015, N.A. Shapoval leg., 9 males, 1 female
(NSS); Altai Republic: “frivaldszkyi Kind. Altai” //
“coll. Eversmann” [Altai Mts.], 1 male (ZISP); “Altai”
[Altai Mts.], 2 males (ZISP); “S.E. Altai, Tchuja Valley,
4-6000 ft. [1200-1800 m a.s.1], 18.6.[18]98, HJ. Elwes.,
1 male (ZISP); Altai Nature Reserve, southern shore of
Teletskoe Lake, 51°21'41.6"N 87°50'15.4"E, 12VI1.1989,
A.L. Devyatkin leg.,, 1 female (AKM); Krasnoyarsk
Terr: “25V[19]02 / Tyukhtyata [Vill] / Minusinsk
Distr” [Cyrillic script], 2 females (ZISP); “Bazaikha
[Riv] near Krasnoyarsk. / A. Jacobson leg., 22.V.[18]97”
[Cyrillic script], 2 females (ZISP); “Mouth of Laletina
[Riv], Krasnoyarsk. / Krutovskiy [leg]. 22V.[19]01”
[Cyrillic script], 1 male (ZISP); same label, 8V.1901,
1 male (ZISP); “Minusinsk vic. / 23V.1919 / A. Gera-
simov leg” [Cyrillic script], 1 male (ZISP); “Lake
Tiberkul” // “Sukhaya Mt.” // “coll. Gerasimov” [Cy-
rillic script], 1 female (ZISP); Krasnoyarsk env., 60 km
upstream Mana Riv, 19VI.1966, Korshunov leg. [Cy-
rillic script], 1 male (ZISP); Krasnoyarsk env., Minino,
29V.2010, Uchevatov leg., 1 male, voucher No. CAL102
(GenBank No. 0Q701614) (VTM); Irkutsk Prov.: “Ir-
kut” [Irkut Riv], 9 males, 6 females (ZISP); “Kirensk
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[env] Lena [Riv] Herz [leg] 1906 1 male (ZISP),
“Kaya [Riv], 27.1V][1]914, S. Rodionoff [leg]” [Cyrillic
script], 1 female (ZISP); “Glazunova Vill. / 9V.[1]914 /
S. Rodionoff [leg.]” [Cyrillic script], 1 male, 1 female
(Z1SP); “Irkutsk env. / V. Dorogostayskiy [leg] /
13/V” [Cyrillic script], 2 males (ZISP); “Kashtak Vill.,
7V.1915 S. Rodionoff [leg]” [Cyrillic script], 2 females
(Z1SP); “Tayshet / Yenisey Governorate / 25V.1915”
[Cyrillic script], 1 male (ZISP); “Yurty [near Taysh-
et], Kanskiy Uezd / Yenisey Governorate 21.V,[1]912 /
Mishin & Verkhov [leg]” [Cyrillic script], 1 male
(Z1SP); “Bunbuy Vill,, Valdaev leg. 14V.1916” [Cyril-
lic script], 1 male (ZISP); Slyudyanka env., 11V1.1995,
AL.Devyatkin leg., 1 female (AKM); Baikal Lake, An-
gasolka station, 22.IV.2007, D. Fominykh leg., 2 males
(AKM); Baikal Lake, Pivovarikha Vill., 8V.2007, D.
Fominykh leg., 2 males (AKM); Baikal Lake, Listvyan-
ka env,, 5V1.2014, 1 male, voucher No. CAL162; same
label, 1 female, voucher No. CAL100 (GenBank No.
0Q701612) (AKM); Irkutsk Distr., Baikal Lake, Port
Baikal env.,, 10V1.2014, 1 male, voucher No. CAL099
(GenBank No. 0Q701611) (AKM); Nizhneudinskiy
Distr., Almazay env,, 3V1.2010, 1 female, voucher No.
CAL101 (GenBank No. 0Q701613); same label, 1 fe-
male, voucher No. CAL103 (VTM); vicinity of Bodaybo
town, 1-2V1.2016, RV. Yakovlev leg., 1 male, voucher
No. 10FR (AKM); Republic of Buryatia: “Tataurovo /
Zabaykal'skaya Prov. / 17V.1911” [Cyrillic script], 1
male (ZISP); “Sayan Mts. / 3V.1918 / Koshantschikov
[leg]” [Cyrillic script], 3 females (ZISP); “[Sayan Mts.],
Munku-Sardyk Mt.” [Cyrillic script], 1 male (ZISP);
“VI / Munku-Sardyk [Mt.] / E-Sayan [Mts.]” [Cyrillic
script], 2 males, 1 female (ZISP); Zabaykalskiy Terr:
Ononskiy Distr., Tsasucheyskiy Bor State Natural Re-
serve, 19V1.1995, 1 male (AKM); Amur Prov.: “Amur
mer.[idionalis]” [middle stream of Amur Riv.] // “Ershov
coll”, 1 male (ZISP); “Pochrofka” [Pokrovka Vill] //
“coll. Dieckmann (Graeser legit.)”, 1 male (ZISP); Jewish
Autonomous Prov.: “Raddefka” [Radde Vill], 1 female
(ZISP); Khabarovsk Terr: “Nicolajefsk” [Nikolaevsk-
na-Amure] // “coll. Dieckmann (Graeser legit.)”, 2 males,
2 females (ZISP); “Chabarofka” [Khabarovsk] // “coll.
Dieckmann (Graeser legit.)”, 2 males, 1 female (ZISP);
Solnechnyy Distr., Gornyy Settlm., VI.1991, 1 male,
voucher No. CAL159 (VTM); same label, 1 female,
voucher No. CAL160 (VTM); Primorskiy Terr.: “Us-
suri Merid.[ionalis] / Distr. Sutschan [Partizansk] /
19V.1922 / A. Kurentzow”, 1 female (ZISP); 20 km E of
Ussuriysk, Gornotaezhnoe Vill,, 06V.1993, M.M. Omel-
ko leg., 1 female (ZISP); “Vinogradovka / Ussuri Terr.
[Anuchinskiy Distr., Vinogradovka Vill] 16 V.[1]925 /
Djakonov & Filipjev leg” [Cyrillic script], 1 female
(Z1SP); Lazovskiy Distr., Kievka Vill,, 9VI.1969, N.N.
Pugatschuk leg. [Cyrillic script], 1 male (ZISP); Sakha-
lin Prov.: Tymovskiy Distr., env. Palevo Vill., 30.VI.—1.
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VIL.2010, A. Zubov leg., 2 males, 1 female (AKM). Ka-
zakhstan, East Kazakhstan Prov./“Altay, Ust-Kameno-
gorsk, 23.1V.1962” [Cyrillic script], 1 male (ZISP).

Individual variation and comparison. The
species is rather variable. Specimens from different
parts of the distribution range considerably vary
in the wingspan, the size and shape of androconia,
and the severity of structural coloration, especially
in males, from the total absence of blue scales to the
full expression of blue fields. Specimens from the
eastern and southern parts of the range are usual-
ly larger and characterised by the more expressed
blue coloration of the dorsal side of the wings. In the
male and female genitalia, the shapes of the valva
and lamella postvaginalis slightly vary. Specimens
from Primorskiy Territory are usually larger and
more brightly coloured. The specimens described
as C. (A.) inopinata (Figs 7, 8) do not differ from
other specimens of C. (A.) frivaldszkyi from this
part of the range either in the external characters
or in the genitalia structure and fit into the known
individual variation of C. (A.) frivaldszkyi, so we
consider C. (A.) inopinata, syn. nov. a synonym of
C. (A) frivaldszkyi.

Externally, C. (A.) frivaldszkyi differs from
the other species of the genus, found in Russia, i.e.
C. (A) confusa, status promotus and C. (A.) ko-
rea, status promotus (see below), in very narrow
vestigial androconia [vs. large lanceolate andro-
conia], the less contrasted basal disc with distinct
postbasal marks of the ventral side of the hindwing
[0s. the more contrasted, uniformly brown basal
disc], and the strong incision of the marginal band
of disc at the vein Rs [vs. the marginal band of disc
at the vein Rs is smooth or with a small incision].

In the male genitalia, C. (A.) frivaldszkyi dif-
fers from other species found in Russia in the valva
with a broadened basal part and a nearly straight
outer margin [vs. the lanceolate valva with a slight-
ly curved outer margin lacking a broadened base
in C. (A.) korea, and the compound valva with a
strongly curved outer margin in C. (A.) confusal,
and the cornuti with a small number of large spines
[0s. a larger number of smaller spines in the cornuti
of C. (A.) confusa and C. (A.) koreal.

In the female genitalia, C. (A.) frivaldszkyi dif-
fers in the long semicircular lamella postvaginalis
with convoluted lateral lobes and the short stout
ductus bursae [vs. the short broad trapezoidal lamel-
la postvaginalis without lateral lobes in C. (A.) con-
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fusa, and the very short broad lamella postvaginalis
without lateral lobes in C. (A.) korea; the long nar-
row ductus bursae is present in both species].

A comparison of COI barcodes reveals 0.5%
differences from C. (A.) korea but does not reveal
differences from a single specimen of C. (A.) con-
fusa. Moreover, the analysed C. (A.) frivaldszkyi
specimens from Russia differ from specimens from
Kazakhstan by 0.6%.

Distribution. According to the labels of the
specimens examined, reliable published data (Kor-
shunov, 2002; Tshikolovets et al., 2002; 2009a;
Lukhtanov et al., 2007; Novomodny & Fonova,
2010; Ivonin et al., 2011; Tshikolovets & Streltzov,
2019), and observations from GBIF and iNatu-
ralist, in Russia, C. (A.) frivaldszkyi inhabits the
southern Asian part from the central Ural Moun-
tains in the Sverdlovsk Province to Sakhalin Is-
land. Additionally, the species was found in one lo-
cation on the western slope of the Ural Mountains
in the Perm’ Territory. It seems to be more locally
distributed in Western Siberia, although such a
bias may be the result of undersampling. Based
on observations from iNaturalist (2023), it is re-
ported from the Tomsk Province for the first time.
In some of the localities of the Russian Far East,
C. (A) frivaldszkyi lives sympatrically with
C. (A) confusa (Primorskiy Territory, Anuchins-
kiy District, Vinogradovka Village), or both with
C. (A) confusa and C. (A.) korea (Primorskiy Ter-
ritory, Lazovsky District, Kievka Village). The
presence of the species in Kamchatka stated in
literature (e.g., Johnson, 1992; Dubatolov et al.,
2019) is not confirmed by actual specimens and,
most likely, was given by mistake (Gorbunov
& Kosterin, 2022). The revealed morphological
variation has no geographical structure, so the
subspecific division of C. (A.) frivaldszkyi seems
unfounded. Outside Russia, the species is known
from Kazakhstan (Tshikolovets et al., 2016),
Mongolia (Tshikolovets et al., 2009b), the Korean
Peninsula, and China (Huang & Zhu, 2016).

Nomenclatural note. The lectotype (female;
Fig. 2) of Thecla frivaldszkyi was designated by
Matsuda & Bae (1998) from the pair of syntypes
deposited in MfNB. Later, a male (paralectotype)
from this pair (Fig. 1) was erroneously designated
as the “lectotype” by Korb (2016). According to
Article 74.1.1. of ICZN (1999), this designation is
invalid.
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1 Coll. Led. GART
" ex coll. 7/2 Exemplar und Eti-
STAUDINGER Ketten dokumentiert

2 Specimen and label
Data documented
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Figs 1-8. Callophrys (Ahlbergia) frivaldszkyi (Lederer, 1855), habitus. 1, paralectotype (male) and its labels;
2, lectotype (female) and its labels; 3, male, Omsk Province, voucher No. 25FR; 4, male, Irkutsk Province, voucher
No. CAL162; 5, female, Omsk Province, voucher 26FR; 6, female, Irkutsk Province, voucher No. CAL100; 7, male,
Primorskiy Territory, paratype of Satsuma inopinata M.M. Omelko, 1995 and its labels; 8, female, Primorskiy
Territory, paratype of Satsuma inopinata M.M. Omelko, 1995 and its labels. Scale bar: 10.0 mm.
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HOLOTYPE
Ahlbergia frivaldskyi
tricaudata Johnson

Avinoff ?«?
Collection -
WOV, L=
s 3

ALLOTYPE
Ahlbergia frivaldskyi
tricaudata Johnson

15

Figs 9-16. Callophrys (Ahlbergia) spp., habitus. 9, C. (A.) ferrea (Butler, 1866), male, Japan, Honsu Island,
Yokohama, 2.1V.1911, H. Hoene leg. (MfNB); 10, same species, female, Japan, Kyoto, voucher No. CAL164;
11, C. (A.) korea (Johnson, 1992), status promotus, male, Primorskiy Territory, voucher No. CAL086; 12, same
species, female, Primorskiy Territory, voucher No. CAL164; 13, C. (A.) confusa (Huang, Chen et Li, 2006), sta-
tus promotus, male, Primorskiy Territory, voucher No. CAL153; 14, same species, female, Primorskiy Territory,
voucher No. CAL154; 15, C. (A.) tricaudata (Johnson, 1992), holotype, male and its labels (AMNH); 16, C. (A.)
[frivaldszkyi,“paratype” of C. (A.) tricaudata, female and its labels (AMNH). Scale bar: 10.0 mm.

Callophrys (Ahlbergia) ferrea (Butler, 1866)
(Figs 9, 10, 23, 37)

Lycaena ferrea Butler, 1866: 57. Type locality: “Hako-
dadi (North Japan)” [Hakodate, Hokkaido, Japan].

Material examined. Japan: Kanto Prov., “Japonia /
(Jocohama) [ Yokohama] /H.Hoene[leg.]2.4[IV].1911”,
1 male (MINB); Hokkaido Prefecture, Kato-gun:
Otofuke-cho, Osarushinai, 9.V.2013, T. Hirabayashi
leg., 2 males, voucher No. CAL065-066 (GenBank
No. OM630560—0M630561) (AKM); Otofuke-cho,
Tokachigaoka, T. Hirabayashi leg., 29.V.2017, 1 male,
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voucher No. CAL163 (VTM); Kyoto Prefecture, Kyoto,
10.V1.1958, 1 female, voucher No. CAL164 (VTM).
Distribution. Eight males of the species C.
(A)) ferrea or C. (A.) korea, status promotus (see
below) were recently recorded from Kunashir Is-
land (the southernmost of the Kuril Islands archi-
pelago) as “Callophris [sic!] (Ahlbergia) ferrea”
(Rybalkin et al., 2022). Taking into account the
distribution range of C. (A.) ferrea, which covers
Hokkaido Island adjacent to Kunashir Island, we
believe these specimens belong to C. (A.) ferrea.
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The final decision about the identity of these spec-
imens cannot be made without an analysis of the
genitalia.

Callophrys (Ahlbergia) korea (Johnson, 1992),
status promotus
(Figs 11, 12, 2628, 38)

Ahlbergia korea Johnson, 1992: 23. Type locality:
South Korea.

Material examined. Russia: Amur Prov.: “Bol’shoy
Never [Never Vill.] / Amur Prov. 3.V1.[1]927 / Zakha-
rzhevskiy [leg.] ” [Cyrillic script], 1 male (ZISP); Pri-
morskiy Terr:“Vladivostok /1900 /D.Grum-Grshimailo
leg”, 1 male (ZISP); “Ussuri Merid.[ionalis] / Distr.
Sutschan [Partizansk] / 27V.1922 / A. Kurentzow”,
1 male (ZISP); “Yakovlevka [Vill.] Spassk Uezd / Us-
suri Terr. 7V.[1]926 / Dyakonov & Filipyev”, 3 males,
1female (ZISP); “Spasskoye / Ussuri Terr. 16.V.[1]926 /
Djakonov & Filipjev”, 1 female (ZISP); same locality
and collectors, 18 V.1926, 1 male (ZISP); Lazovskiy
Distr., Kievka Vill., 9.V1.1969, N.N. Pugatschuk leg., 1
male (ZISP); N of Sikhote-Alin Mts., upper Bikin Riv.,
Ulunga Vill.,, 19-26.V.2005, D. Goshko leg., 2 males,
voucher No. CAL084 (GenBank No. 0Q701610),
CAL086 (AKM). Democratic People’s Republic
of Korea: “Korea / Jank.” [North Korea, 1897, A.M.
Jankovskiy leg.], 1 female (ZISP); South Hamgyong
Proo., Sinpho, 28.1V.1990, S. Murzin leg., 1 female,
voucher No. CAL167 (AKM). Republic of Korea,
Gyeonggi Prov.: Goyang si, Myeongbongsan Mt., 250
m, 20.IV.2019, K. Tyan leg., 1 male (AKM); same label,
1 male, voucher No. CAL156 (AKM); Icheon, 1 female,
voucher No. CAL157 (VTM).

Taxonomy and comparison. Ahlbergia korea
was described from eight specimens collected in
the Korean Peninsula and the Russian Far East
(Amur Province and Primorskiy Territory). The
description was based on differences in the male
and female genitalia compared with C. (A.) ferrea
from Japan. Matsuda & Bae (1998) reveled no dif-
ferences either in the wing pattern and the genita-
lia structure between these taxa and synonymised
C. (A.) korea with C. (A.) ferrea.

Despite their somewhat stylised and super-
fluous manner, the genitalia drawings of C. (A.)
korea and C. (A.) ferrea given in the original de-
scription (Johnson, 1992: 103, figs 8—11) differ at
least in the shape and size of the valva of the male
genitalia and in the shape of the lamella postvagi-
nalis. These differences correspond to the specific
characters mentioned in the diagnosis of C. (A.)
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korea (Johnson, 1992: 24), namely the less robust
and more sculptured valva and the convoluted
ventrum of lamella postvaginalis. Contour genita-
lia drawings reproduced in the review by Matsuda
& Bae (1998) are inaccurate and thus misleading,
providing no chance to evaluate the characters of
the valva, cornuti, and lamella postvaginalis of the
specimens examined. Since the revision by Mat-
suda & Bae (1998), C. (A.) korea has been usual-
ly treated by various authors either as a synonym
(Huang & Zhu, 2016) or a subspecies (Dubatolov
et al., 2019; Tshikolovets & Streltzov, 2019) of C.
(A) ferrea. In fact, it seems that all subsequent
authors have not compared the genitalia of these
taxa. Huang & Zhu (2016) in the latest revision
of Ahlbergia illustrated the genitalia of “A. ferrea”
from China but did not study specimens from Ja-
pan, following the conclusion of Matsuda & Bae
(1998).

As in the previous researches, our study of the
specimens of C. (A.) ferrea and C. (A.) korea across
the range also revealed no constant differences in
habitus, but the characters of the male and female
genitalia of C. (A.) korea generally correspond to
those mentioned in the original description, dis-
tinguishing it from C. (A.) ferrea. Moreover, the
analysed COI barcodes of C. (A.) korea and C. (A.)
ferrea differ by 2.2%, suggesting genetic isolation.
Taking into account the genitalic and genetic
differences between these taxa, we consider the
former as a distinct species, C. (A.) korea, status
promotus.

As stated above, we were unable to find any
consistent external differences between C. (A.)
ferrea and C. (A.) korea. The latter differs both
from C. (A) frivaldszkyi and C. (A.) confu-
sa, status promotus (see below) in the oblong
hindwing with a less serrated margin [vs. the
rounded hindwing with a serrated margin]. It
differs from C. (A.) frivaldszkyi in a large andro-
conial spot and the contrasted rusty-brown disc
and limbal area of the dorsal side of hindwing
[0s. vestigial androconia and the less contrast-
ed basal disc with distinct postbasal marks and
a brown crescent line]. It differs from C. (A.)
confusa in the less expressed structural coloration
in both sexes, especially in the male hindwing, and
the less contrasted ventral surface of hindwing
with a less expressed light brown postdiscal band
and an uncontrasted blurred crescent line [vs. the
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Figs 17-34. Ahlbergia spp., male genitalia. 17-19, C. (A.) frivaldszkyi, Omsk Province, voucher No. 25FR; 20—
22, same species, Irkutsk Province, voucher No. CAL162; 23-25, C. (A.) ferrea, Japan, Hokkaido, voucher No.
CAL163; 26-28, C. (A.) korea, Primorskiy Territory, voucher No. CAL086; 29-31, C. (A.) confusa, Primorskiy
Territory, voucher No. CAL153; 32-34, C. (A.) tricaudata, holotype. Genital capsule, dorsal view (17, 20, 23, 26,
29), scale bar 0.5 mm; aedeagus, lateral view (18, 21, 24, 27, 30), scale bar 0.5 mm,; vesica of aedeagus with cornu-
ti, scale bar 0.2 mm; genital capsule with attached aedeagus, dorsal (32) and lateral (33) view, scale bar 0.5 mm;
proximal parts of valvae and aedeagus, dorsal view (34), scale bar 0.2 mm.
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more distinct structural coloration in both wings
of both sexes and the more contrasted ventral sur-
face of hindwing with a distinct light brown post-
discal band and a clearly defined crescent line].

The male genitalia of C. (A.) korea differ from
those of C. (A.) ferrea in the longer and thinner
valva with a slightly curved outer margin (“less
robust and more sculptured valva” in the origi-
nal description), stouter falx, and smaller cornu-
ti bearing a smaller number of spines. Callophrys
(Ahlbergia) korea differs from C. (A.) frivaldszkyi
and C. (A.) confusa in the lanceolate valva with a
slightly curved outer margin without a broadened
base [vs. the valva with a broadened basal part and
a nearly straight outer margin in C. (A.) frivaldsz-
kyi, and the compound valva with a strongly
curved outer margin in C. (A.) confusa] and the
medium-sized cornuti with a large number of small
spines [vs. the small cornuti with a small number
of large spines in C. (A.) frivaldszkyi, and the large
cornuti with a large number of small spines in
C. (A)) confusal.

The female genitalia of C. (A.) korea differ from
those of C. (A.) ferrea in the short and broad lamel-
la postvaginalis which has the sculptured surface
[vs. the long smooth semicircular lamella post-
vaginalis]. Compared with C. (A.) frivaldszkyi,
C. (A)) korea differs in the short and broad lamel-
la postvaginalis without lateral lobes and in the
long, rather narrow ductus bursae [vs. the long
semicircular lamella postvaginalis with convolut-
ed lateral lobes and the short stout ductus bur-
sae]. Compared to C. (A.) confusa, it differs in the
rounded lamella postvaginalis [vs. the trapezoidal
lamella postvaginalis].

Distribution. According to the labels of the
specimens examined, in Russia, C. (A.) korea is
present in the Amur Province and Primorskiy
Territory. In the latter (Anuchinskiy District,
Vinogradovka Village), it was found sympatri-
cally with C. (A.) frivaldszkyi and C. (A.) confu-
sa. According to published data (Tshikolovets &
Streltzov, 2019), C. (A.) korea was also found in
the Khabarovsk Territory and the Jewish Autono-
mous Province. The record from the Kuril Islands
(Dubatolov et al., 2019) requires examination and
probably belongs to C. (A.) ferrea. Outside Russia,
C. (A)) korea is present in the Liaoning Province
of China (Huang & Zhu, 2016) and in the Korean
Peninsula.
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Callophrys (Ahlbergia) confusa (Huang, Chen
et Li, 2006), status promotus
(Figs 13, 14,29-31, 39)

Abhlbergia confusa Huang, Chen & Li, 2006: 175. Type lo-
cality: “Zi-Jin Mt., Nanjing, Jiangsu province, China”.

Material examined. Russia, Primorsky Terr.
“Vinogradovka / Ussuri Terr. [Anuchinsky Distr.,
Vinogradovka Vill.] 16.V.[1]925 / Djakonov & Fili-
pjev leg.”, 1 male, 2 females (ZISP); Yakovlevka [Vill]
Spassk Distr. / Ussuri Terr. 7.V.[1]926 / Djakonov &
Filipjev [leg.]”, 1 male (ZISP); same locality, 10.V.1926,
3 females (ZISP); “Suchanskiy mine [Partizansk] /
Ussuri Terr. / Palshikov [leg] 21/V.[1]931", 1 fe-
male, 1 female (ZISP); Lazovskiy Distr., Kievka Vill.,
9V1.1969, N.N. Pugatschuk leg., 2 females (ZISP);
N Sikhote-Alin Mts., upper Bikin Riv., Ulunga Vill.,
19-26.V.2005, D. Goshko leg., 1 male, voucher No.
CAL085 (AKM); Shkotovskiy Distr., Anisimovka
Vill,, 2V.2012, 1 male, voucher No. CAL153 (VTM),
same label, 1 female, voucher No. CAL104 (GenBank
No. 0Q701615) (VTM); Khasanskiy Distr., Zanadvo-
rovka Vill.,, 1.V.2013, V. Golovizin leg., 1 male, voucher
No. CAL161 (VTM); same label, 2 females, vouchers
No. CAL154—CAL155 (VTM).

Taxonomy. Ahlbergia frivaldszkyi tricaudata
was described by Johnson (1992) on the basis of
two specimens, the holotype (male) (Fig. 15) from
China (without certain locality), and the paratype
(female) (Fig. 16) from the Tunka Goltsy Moun-
tains (Eastern Sayan), which originated from the
collection of Andrey Avinoff and are deposited in
the AMNH. As correctly noted by Huang & Zhu
(2016), the paratype female obviously belongs to
C. (A)) frivaldszkyi, the only species of the elfin
butterflies inhabiting most of Siberia, including
the Sayan Mountains (see below for the distri-
bution of the latter species). Based on the origi-
nal description of C. (A.) frivaldszkyi tricaudata
supplied with black-and-white photographs of the
holotype and drawings of the genitalia, Huang
& Zhu (2016) considered it a distinct species.
In their opinion, it includes four subspecies: the
nominotypical, inhabiting Northeast China (Li-
aoning Province) and the Primorskiy Territory
in Russia; two unnamed subspecies, one from the
Beijing, Hebei, and Shanxi provinces, and another
from the Shaanxi Province; and C. (A.) tricaudata
confusa (Huang, Chen et Li, 2006) from south-
eastern China. The latter was initially described
as a species based on four males and five females

Zoosystematica Rossica, Vol. 32, No. 2, pp. 269-285



A.V. Krupitsky et al. Review of the subgenus Callophrys (Ahlbergia) of Russia

Figs 35—40. Callophrys (Ahlbergia) spp., female genitalia, dorsal view. 35, C. (A.) frivaldszkyi, Omsk Province,
voucher No. 26FR; 36, same species, Itkutsk Province, voucher No. CAL100; 37, C. (A.) ferrea, Japan, Kyoto,
voucher No. CAL164; 38, C. (A.) korea, North Korea, Sinpho, voucher No. CAL167; 39, C. (A.) confusa, Primor-
skiy Territory, voucher No. CAL154; 40, C. (A.) frivaldszky, drawing of the female genitalia of the “paratype” of
C. (A) tricaudata from Johnson (1992). Scale bar 1.0 mm.
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Fig. 41. Distribution of Callophrys (Ahlbergia) spp. found in Russia and their type localities. Blue, C. (A.) frivaldsz-
kyi; orange, C. (A.) confusa; pink, C. (A.) korea; yellow, C. (A.) ferrea; red, shared localities of C. (A.) frivaldszkyi,
C. (A) confusa and C. (A.) korea; purple, shared locality of C. (A.) frivaldszkyi and C. (A.) confusa; green, shared
locality of C. (A.) confusa and C. (A.) korea; squares refer to type localities; question mark refers to probable finding
of C. (A.) ferrea in Kunashir Island. Southern part of the Primorskiy Territory is enlarged to show shared localities.

from the Jiangsu Province and, additionally, a fe-
male from the Fujian Province, but treated as a
subspecies by Huang & Zhu (2016) on the basis
of the male and female genitalia similar to those of
the nominotypical subspecies (as they thought) of
C. (A) tricaudata.

We analysed colour photos of the holotype of C.
(A) tricaudata and its genitalia deposited in the
AMNH, which were kindly provided to us by Dr
David A. Grimaldi, the curator of the Lepidoptera
collection of the AMNH. The comparison of the
external and genitalic characters revealed that the
type specimen bearing the specific name tricauda-
ta and the specimens from the Primorskiy Territo-
ry and the Liaoning Province belong to different
species. Differences were found in the wingspan,
the shape of hindwing, coloration, the shape of
valva and the structure of cornuti of aedeagus. It
is important to note that the genitalia drawings
of C. (A.) tricaudata made by Johnson (1992: 105,
fig. 24C) hardly correspond to the genitalia of the
holotype (Figs 32—34): the shapes of the sclerites,
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their proportions, and even the number of teeth of
the cornuti are different.

It is impossible to properly determine the type
locality of this taxon, as the label bears only the il-
legible handwritten inscription “May 28 / Chine”
(Fig. 15). The holotype of C. (A.) tricaudata does
not fit any other known Ahlbergia species, so we
consider it a bona species. Its distribution needs
further exploration; we cannot exclude the possi-
bility that it originates from the mountains of Si-
chuan or Yunnan, known as centers of diversity
for Lycaenidae.

Taking into account the similarity in color-
ation and the genitalia structure of C. (A.) confusa
from the Jiangsu Province in China and the speci-
mens from the Primorskiy Territory in Russia and
the Liaoning Province in China, we treat these
populations as C. (A.) confusa, status promotus.
The subspecific division of the latter needs further
exploration based on materials from the whole
distribution range of the species, most of which is
situated in China.
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C. (A.) frivaldszkyi OL457024

0.78

C. (A) ferrea

//
i 0.99
L——//—— MW?785936.1 Neolycaena baidula
0.004

Fig. 42. The Bayesian phylogenetic tree of Callophrys (Ahlbergia) spp. based on analysis of the cytochrome ox-
idase subunit I (COT) gene fragment. Numbers at nodes indicate Bayesian posterior probabilities (PPs). Scale

bar = 0.004 substitutions per position.

Comparison. Externally, C. (A.) confusa dif-
fers from somewhat similar C. (A.) korea in the
rounded hindwing with a more serrated margin,
the more distinct structural coloration in both
wings of both sexes, and the more contrasted ven-
tral surface of the hindwing with a distinct light
brown postdiscal band and a clearly defined cres-
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MW785858 C. (A.) frivaldszkyi
MW?785859 C. (A.) frivaldszkyi

MW?785860 C. (A.) frivaldszkyi

— MW?785861 C. (A.) frivaldszkyi

MW?785867 C. (A.) frivaldszkyi
MW?785868 C. (A.) frivaldszkyi
MW785869 C. (A.) frivaldszkyi
MW?785870 C. (A.) frivaldszkyi
MW785871 C. (A.) frivaldszkyi
OL457024 C. (A.) frivaldszkyi

0OL457025 C. (A.) frivaldszkyi

0OL457026 C. (A.) frivaldszkyi

0Q701611 C. (A.) frivaldszkyi
0Q701612 C. (A.) frivaldszkyi
0Q701613 C. (A.) frivaldszkyi
0Q701614 C. (A.) frivaldszkyi

Russia, Irkutsk Province
Russia, Irkutsk Province
Russia, Irkutsk Province
Russia, Irkutsk Province
Russia, Buryatia
Russia, Buryatia
Russia, Buryatia
Russia, Buryatia
Russia, Buryatia
Russia, Omsk Province
Russia, Omsk Province
Russia, Omsk Province
Russia, Irkutsk Province
Russia, Irkutsk Province
Russia, Irkutsk Province

Russia, Krasnoyarsk

0Q701615 C. (A.) confusa Russia, Primorskiy Territory

OM630560 C. (A.) ferrea Japan, Hokkaido
OM630561 C. (A.) ferrea Japan, Hokkaido

cent line [vs. the less distinct structural coloration

— 0OQ701610 C. (A.) korea Russia, Primorskiy Territory
L— GU372579.1 C. (A.) korea South Korea
— FJ663248.1 C. (A.) frivaldszkyi Kazakhstan, Zyryanovsk

L— FJ663247.1 C. (A.) frivaldszkyi Kazakhstan, Zyryanovsk

in both sexes, especially in the hindwing of male,
and the less contrasted ventral surface of hind-
wing with a less distinct light brown postdiscal
band and a uncontrasted blurred crescent line]. It
differs from C. (A.) frivaldszkyiin a clearly defined
androconial spot, the contrasted, uniformly brown
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basal disc, a smooth marginal band of the disc at
the vein Rs [vs. very narrow vestigial androconia,
the less contrasted basal disc with distinct post-
basal marks of the ventral surface of hindwing,
and a strong incision of the marginal band of disc
at the vein Rs].

In the male genitalia, C. (A.) confusa differs
from both species in the compound valva with a
strongly curved outer margin and the large cor-
nuti bearing a large number of small spines [vs. the
lanceolate valva with a nearly straight, slightly
curved outer margin and the medium-sized cor-
nuti with a large number of small spines in C. (A.)
korea, and the valva with a broadened basal part
and a nearly straight outer margin, and the small
cornuti with a small number of large spines in
C. (A) frivaldszkyi).

In the female genitalia, C. (A.) confusa differs
from both species in the trapezoidal lamella post-
vaginalis [vs. the short rounded lamella postvag-
inalis in C. (A.) korea, and the long semicircular
lamella postvaginalis with convoluted lateral
lobes in C. (A.) frivaldszkyi].

Additionally, C. (A.) confusa differs from the
holotype of A. tricaudata in the rounded hindwing
[vs. the hindwing is elongated at Cu2], the uni-
formly brown band of the disc having a smoother
margin [vs. the disc has a band with a secondary
pattern and a strong incision at CuZ2], the curved
compound valva [vs. the valva with a slightly
curved outer margin], and the large cornuti with a
large number of small spines [vs. the small cornuti
with a small number of large spines].

Distribution. Primorskiy Territory of Rus-
sia, in some localities sympatrically with C. (A.)
frivaldszkyi and C. (A.) korea. The distribution
range outside Russia, especially on the Korean
Peninsula, needs further investigation.

Phylogenetic analysis. The phylogenetic anal-
ysis strongly supports all the examined species of
Ahlbergia as a monophyletic group (Fig. 42), but
none of the recognised species turned out to be
monophyletic except C. (A.) korea and C. (A.) fer-
rea. The phylogenetic tree consists of two deeply
branching clades. The first clade comprises two
specimens of C. (A.) ferrea from Japan, and the
second clade unites C. (A.) frivaldszkyi from Si-
beria, the Russian Far East, and Kazakhstan, two
specimens previously identified as C. (A.) korea
from Korea and the russian Primorskiy Terri-
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tory, and a specimen of C. (A.) confusa from the
Primorskiy Territory. Surprisingly, in the latter
clade, two specimens of C. (A.) frivaldszkyi from
Kazakhstan are recovered as sister to the rest of
the specimens.

Among the 23 specimens belonging to four
species, the Kimura 2-parameter (K2P) distanc-
es range from 0.0% between C. (A.) frivaldszkyi
from Russia and C. (A.) confusa to 2.2% between
C. (A)) ferrea and C. (A.) korea (electronic supple-
mentary material 2, see the section “Addenda”).

Key to the species of the subgenus Callophrys
(Ahlbergia) of Russia

1. Basal disc of ventral side of hindwing with second-
ary pattern of postbasal marks and strong incision
of marginal band at vein Rs. Androconial spot ves-
tigial. Lamella postvaginalis with secondary con-
volutions................... C. (A.) frivaldszkyi

— Basal disc of ventral side of hindwing uniformly
brown, marginal band of disc at vein Rs smooth
or with small incision. Androconial spot distinct,
ovoid. Lamella postvaginalis without secondary
convolutions. .........covviiieiiiii ., 2

2. Hindwing elongated towards anal lobe, with smooth
or slightly wavy margin. Outer margin of valva
slightly curved. Lamella postvaginalis rounded. . . 3

— Hindwing rounded, with serrated margin. Outer
margin of valva strongly curved. Lamella postvagi-
nalis trapezoidal ................ C. (A.) confusa

3. Valva long, protruding well beyond lobes of uncus.
Lamella postvaginalis short, small, with sculptured
surface...............ooil C. (A.) korea

— Valva short, hardly reaching lobes of uncus. Lamella
postvaginalis large, semicircular, with smooth sur-
face. ... C. (A.) ferrea (probably on Kuril Islands)

Discussion

According to our study, the subgenus Ahl-
bergia is represented in Russia by three species,
C. (A) frivaldszkyi, C. (A.) confusa, and C. (A.)
korea. The presence of the fourth species, C. (A.)
ferrea, is very likely on the Kuril Islands, especial-
ly on Kunashir. Taking into account the distribu-
tion of most species of Callophrys (Ahlbergia) in
the Shaanxi, Sichuan, and Yunnan provinces of
China and the high rate of endemism of the genus
in these regions, it is unlikely that species new to
the Russian fauna or undescribed species will be
found in Russia.
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We were unable to determine in the extensive
museum and private collections another species
mentioned from Russia in the literature (Tuzov,
2000; Huang & Zhu, 2016), C. (A.) leei. None of the
specimens examined, except some males of C. (A.)
[frivaldszkyi, possess its main diagnostic character,
i.e., the absence of an extensive greyish blue suf-
fusion (Johnson, 1992; Huang & Zhu, 2016). Ac-
cording to Korb (2016), the type locality of C. (A.)
leei is situated in the Yinshan Mountains, Inner
Mongolia Province, China. The specimens identi-
fied as C. (A.) leei are recorded from the Liaoning
and Shaanxi provinces by Huang & Zhu (2016).
The distribution and presence of this species in
Russia needs further exploration; it seems that
none of the previous records from Russia were
based on actual specimens.

Although the species examined are well de-
fined morphologically, the molecular phylogenetic
analysis based on the COI barcode region failed
to determine them, except in the case of the pair
C. (A) korea — C. (A.) ferrea which differed by
2.2%. The genetic distances between the oth-
er species were: 0% between C. (A.) frivaldsz-
kyi and C. (A.) confusa, and 0.5% between C.
(A)) frivaldszkyi [including C. (A.) confusa] and
C. (A)) korea. This phenomenon can be explained
by ongoing hybridisation leading to extensive mi-
tochondrial introgression in the parts of the range
where all the three continental species coexist
(Primorskiy Territory). However, natural hybrids
between these species still have not been revealed,
probably due to insufficient samples from the ar-
eas where they live sympatrically. In the subfamily
Theclinae, shared or very close COI mitochondrial
barcodes in morphologically different species were
also found in other Palaearctic Callophrys species
(ten Hagen & Miller, 2010; Krupitsky et al., 2023),
as well as in the Tomares Rambur, 1840 hairstreaks
(Krupitsky et al., 2022). Natural hybridisation
between species of Callophrys (sensu stricto) and
Callophrys (Ahlbergia) was recently demonstrated
by Shapoval et al. (2021), so it seems to be pos-
sible between species of the subgenus Ahlbergia
too. The analysed specimens of C. (A.) frivaldsz-
kyi from Russia do not have genetic differences in
COI barcodes. Surprisingly, this species turned
out to be polyphyletic in our analysis, as the two
specimens from the southern foothills of the Altay
Mountains in Kazakhstan, differing from C. (A.)
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[frivaldszkyi from Russia by 0.6%, formed the sis-
ter lineage to the clade uniting the three species
from continental Russia. This fact requires further
exploration; it can be explained by the possible iso-
lation of different haplotypes by Wolbachia, a rik-
ketsial endosymbiont known to be affecting popu-
lation genetic structure in Lepidoptera, including
Lycaenidae (Bartoriova et al., 2021).

Addenda

Electronic supplementary material 1. List of
specimens used in this study with voucher num-
bers, collection localities and GenBank accession
numbers. File format: XLSX.

Electronic supplementary material 2. Uncor-
rected minimal p-distances in COI marker between
examined species of Callophrys (Ahlbergia). File
format: XLSX.

All these materials are available from: https://
doi.org/10.31610,/zsr/2023.32.2.269
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