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The burrowing polymitarcyid mayfly Ephoron shigae
(Takahashi) is distributed widely in Japan, and it is also
reported to be present in Korea and Far East Russia. Some
populations are bisexual, while others are unisexual
(solely females). As such E. shigae is a geographically
parthenogenetic mayfly (Watanabe and Ishiwata, 1997;
Tojo et al., 2006). In general, parthenogenetic populations
are found in harsher environments such as at high latitudes
and altitudes, in xeric as opposed to mesic conditions
(Suomalainen et al., 1987), in isolated habitats such as
islands and island-like areas, and in the peripheral regions
of the taxon's range (Cuellar, 1977). In E. shigae, however,
the distributions of hisexual and unisexual populations
overlap broadly in their respective geographic ranges
through Japan (Honshu, Shikoku, and Kyushu). E. shigae
therefore, provides a uniquely well-suited model to study
the differentiation of unisexual and bisexual populations,
the establishment of parthenogenesis, and the dispersal of
parthenogenetic individuals.

In a previous study on E. shigae, obligatory
parthenogenesis (i. e., parthenogenesis is the normal
mode of reproduction) appeared in unisexual populations
(Tojo et al., 2006). Furthermore, all the individuals that
reproduced by parthenogenesis were diploid females
(2n=12; sex chromosome type was XX), indicating
thelytokous parthenogenesis (Sekiné and Tojo, 2007,
2010). The restoration mode into diploidy in
parthenogenetic eggs is automictic in that the female
pronucleus fuses into the second polar body following the
completion of meiosis.

In this study, we have examined whether the
unisexual populations are of polyphyletic or monophyletic
origin, as inferred from partially sequenced mitochondrial
16S rRNA (373 bp) and COI (658 bp) regions (Fig. 1).
Although various haplotypes [16S rRNA: 29 haplotypes,
COI: 58 haplotypes] were observed among the bisexual
populations, only one haplotype each (16S rRNA: one
haplotype, named “16S_sl”; COI: one haplotype, named

“COI_sl”) was found among the unisexual populations
through Japan widely. The “16S s1” and “COI sl”
haplotypes were allocated to each of the western Japanese
clades (group I; Fig. 1). Therefore, the unisexual populations
were of monophyletic origin and recently differentiated
somewhere within western Japan. Furthermore, the
distribution range of parthenogenetic strains has expanded
rapidly across Japan, especially eastern Japan.

Parthenogenetic individuals that enter a bisexual
population or a new locality are fully able to reproduce
without a mate. Conversely, the efforts of males that mate
with a parthenogenetic female are wasted. That is, the
parthenogenetic individuals that enter a bisexual
population possess the superior reproductive strategy.
Furthermore, in order for the range of a bisexual population
to expand, at least one pair of male and female must
disperse simultaneously. In the case of a parthenogenetic
strain, however, even if only one individual relocates, she
is able to reproduce, and so establish a population.
Therefore, parthenogenetic strains naturally have greater
dispersal and establishment potential than bisexual
strains.

The results of our genetic analysis indicated that the
parthenogenetic strains are monophyletic in origin, and
originated in western Japan, from where they must have
expanded into eastern Japan.

In the Abukuma-gawa River (Fukushima Prefecture)
and the Ara-kawa River (Saitama Prefecture) bisexual
populations of eastern Japan, female individuals having the
“sl-haplotype”, which is common to parthenogenetic
strains, were observed. Within these populations, the sex
ratio in the Ara-kawa population was significantly bhiased
toward females (% : &' =102:58, binomial test p <0.05) as of
2006. The Ara-kawa River has a mixed unisexual/bisexual
population that is considered to have resulted from the
invasion of the originally bisexual population by a
parthenogenetic strain. In the Abukuma-gawa population
(locality: Fukushima City), Watanabe et al. (1998) reported

* Abstract of paper read at the 47th Annual Meeting of the Arthropodan Embryological Society of Japan, June 10-11, 2011 (Biwako, Shiga).



34

*S9YIURI( 9} I9PUN PIIBIIPUI IR 94,CE URY) dI0W JO (Sawur) ()))‘T) senifiqeqoid densjoog ‘suorjendod asouede[ U193som 913 JO [[B 10J SPB[J dWes
91} JO 9 0} PaUTULIIAP d1aM sadjordey 1S 10D, Y3 Pue IS S9T, Y3 yioq ‘@rowrayany ‘(sadLjoidey 1S 10D, PUB IS S9T,, 2U3) uoidai auas yoea ur sadAjordey aanoadsar awes o) ssassod 0) punoj a1om uede[ sso1oe
suonendod [enxastun drouasousyred woIy suawIdAdS [y *(810Y] JO o1[qnday]) B[NSUIU9] Uueal1o0y] ay3 Jo suonemdod [enxasiq wog ‘T[] dnoid ur suswioads pue ‘uede[ u1ajsed jo suonendod [enxasiq woIj uaye) a1oMm [] dnoid

ur suowroadg ‘uede( uia)som jo suonemndod [enxosiq WOy uaye) 91oMm [ dnois ur suowdadg ‘suoidar (dq g9 :q 1) 10D Pue (dq £2¢€ W) VNI ST Y3 {an51ys u040ydsy Jo SUOIZI YN (] [BLIPUOYO0)IW UO PIseq Sweidoipuap [N T ‘81
100
| |
. 1oAY emeB-nuryiyeseq|
dno.sno ‘wnj QQO@ tQ&OQQm — Jeny emeb-einyes peseq) =
- J9A)Y uosydeg niBunyd
.-. 18AlY Uoeyafeg niBunyd 100
- JeARy uoeydjed nfBunyd W
i . Jenry uoeyoleg niBunyd 'k 001
- 18AY uoayojeq niBunyd 1oAY emeB-nupyyeseq|
: o uooupreqniBunuS dnoJgino :wnjydos uoioydy — ' M bieieq IJ_
. JoAY emeB-010A"BqIYD Jonpy emeb-einyes” besed)
" JOAY m;uu.o_o>||wn_r_o 7 Jeny uoeydjegniBunyd — 66
. only emeB-010ATeqID ___ " Jenry uoeyojeg nfBunyy —
- own| 4 InsoA-oul{— 0oL - _
. JON eMeB-0I0A EqIUD : _o>_m_ emey-elyeweyes 66
. 1oAY emeB-0l0ATeqIYO ® Bwn|4 INsoA-out~oAjoL
- 18AIY emeB-ewnyngy ewiysnyny " 1oy emeB-010A eqIuD
- JeAlY emeB-Bunynqy ewiysnind . _ 86
. 1oAY eMeB-BWNYNQY BWIYSIYN S __ . oA BMEX-BIY BUWEYES
- oawnj4 INSoA-ouiH 040 | 001l “ 1ony emeB-010ATeqIyD
_ — " JEIN gwx.ﬂ(lumEﬂ_mw . ewn|4 InsoA-oulH—oAjo L
1oAY emBy-BlY BWEjIeS _
" swn|4 INSoA-oulH~0AxoL u 18Ny emeB-ewuningy ewiysnyn g
n JoAry emeB-ewnyngqyewiysmng - 1oAY emeB-_In AT 0j0AY
. _
s 18Ny emey-ely MEE_mw s 1any emeB-oxey  oBoAH
. 10A1y emeB-010A"BqIYD - _
. 10N BMEY-BIYBWENES - 19AY emeB-oxey " oBoAH
n 1oAY emeB-eunynqyewiysnyn " 10A1Y emeB-oxey~oBoAH
- _mw>_m eMe)-BlyBwEleS . 1Ay BMEB-INSIeY 0j0AY
- 18AY emeB-BwNNgy " BWIySNYN S _
- 19N BMBY-BIY BWENES eebiys uosoydg . 1Ay emeb-oxe)oBokH
n 18A1Y emeB-einsiey —0j0AY 00l n 1oAY emeB-einsiey 0joAy
. 1oy emeB-einsie) 0joky . 101 emeB-euseAniey " oBoAH
™ 1oAY emeB-oye) 0B0AH - _
= 101 emeB-oyey  0BoAH . 1onry emeB-einsie)ojohy
®mm.:\\m QQOCQ El . 1oAY emeB-oxey ~0BoAH _ . 1oAY emeB-oyey ~0BoAH
. 101y emeb-einA"0johy 66 u Jony emeB-eweAniey "oBoAH
= 10A1y emeB-oye)y—oBoAH " _
" Jony emeB-ewedniep "oBoAH 66 = oA emeb-yesy”eweAeio
u 18Ay emeB-gwelniepoBoAH " 10A1Y emeb: M oIN
. 1oAY emeB-|IH " euewIYS L] s
" Jony emeB-eweAniepy oBoAH " s ~of ” S9b
o ey emeB-yseyeye) “eweAey0 . oAy emeb-oxe) oboAH
. J8AIY BMEB-jI TeuBWIYS = JOAYY emeB-llyso A eweheo
u % " 101y emeB-IIyso A eweleyo
_ - 10Ny emeB-eweiniely oboAH - _
- 1oNY emeB-eweAniey—oBoAH 2 1eAy emeB-eweAniepToBoAH
. ey emeB-nzowny el
u 1oAY emeB-nzowny]
- 1A BMEY-0UOD BUIIYSOIIH
= JeAly emeB-lyseyexye| “eweiey0
n JoNY emeB-ewehniepyoBoAH
- 1oAY emeB-IIH " euBULIYS
- 10Ny emeB-|IH  euBWIYS
= oAy emeB-oulHT1IoN0 L
. 10Ny emeB-nzown <
n 1oAlY emeB-oulH1oRo ) m
. JOAIY BMBY-0LOS  BWIYSOIIH
n Jeny emeB-lyesyeweAey0




Miyagi Prefecture

Abukuma-gawa River

Fukushima Prefecture

20 km Nakajima village D D

Q2:8= 50:74 61:64 COl_s1:others= 1:9

Koriyama city
?:8

35

2009 2010 COl haplotype (?)

Fukushima city . . .

Q:3=100:0 105:1

Motomiya city 0 “

Q:8=112:16 97:13 COl_s1:others=10:0

COl_s1:others=15:0

¢ e

= 76:44 71:33 COl_s1:others= 6:6

& i®

Fig.2 Sexratios and composition of haplotypes of the mayfly Ephoron shigae at four study sites along the Abukuma-gawa River. Although research into

sex ratios was conducted in both 2009 and 2010, similar results were obtained. Only female individuals were used in the haplotype analysis based
on the COI mitochondrial DNA region. The haplotype categorized as “COI_s1” and other haplotypes are displayed separately as distinct groups.
The “COI_sl1” haplotype is common to all of the specimens from the parthenogenetic populations, and the other haplotypes were referred to

collectively, as they together represent the haplotypes of the bisexual populations of eastern Japan.

that the sex ratio was not significantly biased toward
females and that many male individuals were observed in
1991 and 1992. However, in our recent experience at the
same site, almost all individuals were female: ¥ : & =100:0
in 2009 (p<0.01), and %:3'=105:1 (p<0.01) as per our
2010 observations (Fig. 2). Also, of great interest, the ratio
of males tended to increase upstream, even within the
same river system [Fig. 2; e. g., in the uppermost
population located in Nakajima village (ca. 60 km upstream
from Fukushima City), %:d"=50:74 in 2009, and 61:64 in
the 2010 observations].

Furthermore, an analysis based on the mitochondrial
region of COI revealed the “COI sl” haplotype to be
significantly more frequent than non “COI_s1” females in
the downstream populations (Fig. 2). Whereas in the
upstream populations, the opposite pattern was observed.
Therefore, in the Abukuma-gawa River, parthenogenetic
individuals must have entered and established themselves
first within the downstream population in or around
Fukushima City, which has since come to be almost
completely composed of parthenogenetic females in less
than 20 years. The increasing parthenogenetic bias in the
sex ratio of the local populations within this river system is
increasing progressively starting downstream and rapidly
moving upstream. This situation represents a very
important example of the replacement phase of the

transition from a bisexual population to a fully
parthenogenetic female-only population. This process,
which may have occurred or presently be happening in
other parts of Japan, would explain the formation of other
parthenogenetic populations across Japan.
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