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First record of Epbemera separigata Bae, 1995
(Insecta, Ephemeroptera) from Russia and Russian Far East
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Abstract. The first record of Ephemera separigata Bae,
1995 from Russia and Far East is given. The mitochondrial
COI gene of E. separigata and E. strigata Eaton, 1892 occur-
ring in Russian Far East were analyzed to confirm the species
identification.

Pestoue. 1ns dpaynst Poccun u lanerero Bocroka (ITpu-
MOpCKHH Kpail) NMPUBOAUTCS IepBas HAXOIKAa IOIAEHKH
Ephemera separigata Bae, 1995. MUTOXOHApHAIEHBIN T'€H
COI Ephemera separigata n E. strigata Eaton, 1892 BcTpe-
qajomuxcs Ha JlanmbHeMM BocTtoke Poccnn, 6511 mpoananusu-
pOBaH JUIs MOATBEPXKACHHS BUJA.

Introduction

At the present time, in the Far East of Russia, there
are five species of mayflies belonging to the genus
Ephemera Linnaeus 1758: East Asian Island E. japoni-
ca McLachlan 1875; East Palaearctic E. sachalinensis
Matsumura 1911, E. strigata Eaton 1892, E. transba-
jkalica Tshernova 1973, and Palaearctic E. orientalis
McLachlan 1875 [Tiunova, 2009].

The first record of Ephemera separigata Bae, 1995
is reported from Russian Far East on the basis of spec-
imens collected in the Primorskiy Kraii. We made a
comparison between Far Eastern E. separigata and
E. strigata and sequences from GeneBank and BOLD
systems. To confirm monophyly of each species phylo-
genetic tree was also provided.

The material is deposited in the collection of the
Federal Scientific Center of the East Asia Terrestrial
Biodiversity, Far Eastern Branch, Russian Academy of
Sciences, Vladivostok, Russia.

Material and methods

Nine Ephemera specimens were used for molecular
study (Table 1). Total DNA was extracted using a
DNeasy Blood & Tissue Kit (Qiagen, Hilden, Germany)
from thorax or legs of larvae and imago and the result-
ant DNA was eluted in 100 pl. The COI fragment was
amplified using LCO1490 (5’-GGTCAACAAATCAT-
AAAGATATTGG-3’) and HCO2198 (5’-TAAACT-
TCAGGGTGACCAAAAAATCA-3’) [Folmer et al.,
1994]. The 10 pl PCR reaction mix contained 3 pl of
ultrapure water, 1 pl of DNA additionally diluted 10x,
0.5 ul of each primer (10 uM), and 5 Go Taq Green
Master Mix (Promega corp, Madison, WI, USA). The
reaction was conducted with an initial step of 94 °C for
5 min, followed by a total of 30 cycles at 94 °C for 30 sec,
48 °C for 30 sec, 72 °C for 60 sec, and 72 °C for 5 min.
Successful amplifications (checked by TBE Gel Electro-
phoresis on a 1.5 % agarose gel) were purified using
Exonuclease I (Exol) and Thermosensitive Alkaline Phos-
phatase (FastAP) (Thermo Fisher Scientific Inc., USA).
Purification and bi-directional Sanger sequencing was
performed by ABI 3130x1 (Applied Biosystems, Carls-
bad, CA) using Big Dye Terminator ver. 3.1 and BigDye
5x Sequencing Buffer.

PartitionFinder 2.1.1 [Lanfear et al., 2012] is used to
select the best-fit partitioning scheme and models sep-
arately for each codon position of COI gene using the
greedy algorithm with linked branch lengths for the
corrected Bayesian Information Criterion as the opti-
mality criterion for model selection. A Bayesian Infer-
ences (BI) analysis was performed with MrBayes v.3.2.7
[Ronquist et al., 2012] under the following conditions:
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Table 1. List of sequenced specimens Ephemera separigata Bae, 1995 and E. strigata Eaton, 1892
Tabanga 1. Crmcox cexsenmposannbix obpasuos Ephemera separigata Bae, 1995 w E. strigata Eaton, 1892

Species Isolate Stage/sex Country, collection locality Geogr_aphlc GeneBank accession
coordinate number

. . . . 42.823900,

Ephemera strigata TMT170 Larva Primorsky Krai, Ryazanovka River 131.234048 ON505834

Ephemera strigata TMT342 Imago, & Primorsky Krai, Krivoy Stream :' 32619 g;ggz ON505835
. Jewish Autonomous Oblast, Bira 49.007156,

Ephemera strigata TMT46 Larva River 131.884017 ON505836
. . . . . 43.460720,

Ephemera strigata TMT540 Larva Primorsky Krai, Nezhinka River 131.731141 ON505837

Ephemera strigata TMT700 Larva Primorsky Krai, Tigrovaya River 43.302552, ON505838
P g y ¥ral, Tigrovay 133.057668
. Primorsky Krai, Avvakumovka River 43.825636,

Ephemera strigata TMT843 Larva Basin 134.905104 ON505839

Ephemera strigata TMT851 Larva Primorsky Krai, Barabashevka River ;‘31157:?28;12 ON505840
. . . . . 43.460720,

Ephemera separigata TMT539 Larva Primorsky Krai, Nezhinka River 131.731141 ON505841
. ) ) ) . 43.460720,

Ephemera separigata TMT593 Larva Primorsky Krai, Nezhinka River 131.731141 ON505842

5 million generations with sampling every 500 genera-
tions, four chains and a burn-in of 25 % trees. Sequenc-
es were deposited in GeneBank under accession num-
bers ON505834 - ON505842 (Table 1).

Descrciption

Ephemera separigata Bae
Figs 1-3.

Ephemera separigata Bae, 1995: 160; Quan Y.T. et al.,
2002: 250; Bae Y.J., Liu G.C. 1999:5.

Material. Russia: Primorskiy krai, Khasanskiy district:
4 larvae, Nezhinka River, about 3 km above the Vladivostok—
Khasan highway, 14.VI12017, leg. T. Tiunova; 6 larvae, same
place, 28VI12017, leg. T. Tiunova; 3 larvae, same place,
24V112018, leg. T. Tiunova; 3 larvae, Khasanskiy district,
Gryaznaya River, road bridge, Vladivostok—Khasan highway,
20.V12017, leg. T. Tiunova.

Ephemera separigata is morphologically very similar to
E. strigata and E. japonica, but distinguished by a pair of
relatively narrow, separated, and laterally oriented longitudi-
nal stripes on the abdominal terga 7-9 in larval (Figs 1-2),
subimaginal, and adult stages of both sexes. Forefemora with
rows of hair like setae along anterior and posterior margins,
and with longitudinal hair like setal field on dorsal surface
(Fig. 3).

Overall, we have sequenced fragments of the cytochrome
oxidase I (658 bp in length) of 9 specimens belonging to
2 species (Table 1). E. strigata includes 7 specimens, which
made it possible to evaluate the intraspecific distances which
were 0.13% in average.

We compared obtained sequences with GeneBank and
BOLD systems data. For each species, we found conspecific
samples in databases and calculate interspecific distances.
The closest sequence to Far Eastern E. strigata were
E. strigata collected from Japan (MN961290-MN961294,
LC644376, BIN BOLD:AED3237). The average p-distances
between them were 5.71 % which shows their conspecificity
[Moriniere et al., 2017]. Obtained sequences of E. separigata
were close to E. separigata (HQ257232-HQ257234,
MH823275-MH823279) from South Korea, the average
p-distance was 0.6 %. Interspecific distances between
E. strigata — E. japonica, E. japonica — E. separigata and

Figs 1—3. Ephemera separigata Bae, 1995. 1 — larva, dorsal
view; 2 — larva, ventral view; 3 — foreleg, dorsal view.

Puc. 1-3. Ephemera separigata Bae, 1995. 1 — aununnxa,
BUA CBEpPXY; 2— AMYMHKA, BMA CHM3Y; 3 — IIEPEAHSS HOTa.
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Ephemera strigata ON505834
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Ephemera strigata ON505838
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| 0.93 || Ephemera separigata ON505841
Ephemera separigata HQ257234 BOLD:ACD7780
Hexagenia limbata HM137953 BOLD:AAA5477

Fig. 4. Bayesian tree based on mitochondrion COI gene for obtained sequences and each available BIN number of three
Ephemera species. Hexagenia limbata Servill was used as outgroup to root the tree. Bayesian posterior probabilities (PP) are given

above tree nodes. Specimens obtained in this study are in bold.

Puc. 4. Barlecockoe aepeBo Ha ocHoBe mutoxoHApmasbHOro reHa COI AAS HOAYIEHHBIX ITOCAEAOBATEABHOCTEN M KaSKAOTO
aocryrnHoro Homepa BIN tpex Bupon Ephemera. Hexagenia limbata Servill mcmoapsoBasach Kak BHEIIHSIS IPYIIIA AASL YKOPEHEHMsI
Aepesa. Bariecosckme amocrepmopssie BeposTHocT (PP) pamsr Hap ysaamm aepesa. OGpasisl, ITOAYIEHHBIE B 3TOM MUCCACAOBAHMM,

BBIAGAGHBI KUPHBIM IIPUGTOM.

E. strigata — E. separigata were 10.51 %, 11.66 % and
11.14 % respectively which support the distinctiveness of
each species [Moriniére et al., 2017].

We used Bayesian Inference to reconstruct relationships
ofthe three related Ephemera species (Fig. 4). To do this, we
selected one sample from each BIN number from the BOLD
systems and Hexagenia limbata Servill as outgroup.
E. strigata was placed as sister to E. japonica (BIN BOLD:
AED4371) with high support (Bayesian posterior probabil-
ity, PP = 0.97). E. separigata was the earliest branching
lineage and sister to two other species (PP = 1.00).

Distribution. Russian Far East (Primorye Territory),
Korea, Northeast China.
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