ek Mk (Japanese Journal of Limnology)68: 253-260 (2007)
&3 [Note]
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Life cycle of the burrowing mayfly Ephoron shigae (Ephemeroptera, Polymitarcyidae) in Hino-yosui

population of the Tama-gawa River basin

Kazuki SEKINE", Daizaburo TSURUDA” and Koji TOJO*"

Abstract

Ephoron shigae, a mayfly distributed widely in Japan, displays some characteristics of interest to evolutionary
biologists. However, detailed ecological research covering the full life cycle of this mayfly has so far been
considered extremely difficult. We commenced our ecological research in the Hino-yosui, a small agricultural
flume carrying water from the Tama-gawa River, which these mayflies inhabited at a high density, during 2005.
Here we report some results of a study we conducted there during that time. It was revealed that the hatching period
lasted mainly from late February to late March (with further minor activity until April), and that the emergence
period ran from August 30th to September 20th with the peak of synchronized mass emergence on September
3rd and 4th. Some eggs (embryos still in the diapause stage) were observed to remain unhatched throughout
the following year. It is thought that since those diapause-stage eggs had not yet completely achieved the break-
diapause stage in the current spring. They would continue in the diapause stage until spring of the following year
or later. One possible reason for this characteristic may be that the eggs of this mayfly might have an ‘egg bank’
which is a storage mechanisms of the kind found in some branchiopod crustaceans and insects.

Key words: aquatic insects, mayfly, Ephoron shigae, life history, egg bank, diapause
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FEFITRIRDFERS NS T D E 2 b0, MEEC —MORBERETALNDL XSz y IRV Y

HIEERE M D > TW D ATREME b RIR S Tz,

F—TU—FRKERK, W rwy, IAAvapsay, EER, =y 7807, RIR

(2006 4F 11 H1 H =fF;200744 H1H %)

T C&HIZ

v k7 vy Ephoron shigae (Takahashi) 1%, 517
v 7 H Ephemeroptera > 7 A v 7 /7 7 77 F} Polymitarcyidae
ZREL, WINCEET 2EER 20 mm OKEO L 7w
UThHD, FbETHY, KB A k- FRDOYE
TVERIZ A 5405 (Watanabe and Ishiwata, 1997; HIEIE 0,
2002), JULOFFAMEITMmRD T, £z, muELHE
ooz inb, LIELIEIRY, 20T Eokes
JT72 SICHERE L, ZZlEEDRE L7225 (Watanabe and
Ishiwata, 1997; Tojo et al., 2006), BHEFMPBPENZ & T
HOND I e vFHORTY, & ATHRHER R OFFmi
<, Pk, BtnrbE< &b 2RI E TERIT
Bz 5. AREOEHESCINDINEVOEHK & 5V G L
IZHS Y, BHEEORY v 7EHORR L2520 dH
D, KFEO—FIHLIZLIELIEAT 4 TITHE Y 2T 5
NTETe, ZOXSRFEIG, K, L <ITRBEDR
T=VIBOWTIEABIIZSERT L BIEE TICAN CGE
FIRAL EJNLAEE), WE (R, SN (REARRER)1LEE)
%< OBEEHBHE 4T (cf. Watanabe and
Ishiwata, 1997; /INHIEA>, 2002; Tojo et al., 2006) .

F, AL, #HIRICL>TAR - 2AABLFETD
TEARRE (EPEEEREE) & X 2 DOIHOMEMREE (M E A&
B o bh, T7bb THEEAH %N geographic
parthenogenesis] Z{T72 5L END, 2D 5L, MM
TEEFEIC W TIE, HEAAMIC X o> TREEE SR S
NTWNWDEZ ERMBILTWS (Watanabe and Ishiwata,
1997; Tojo et al., 2006). HZAAE 21772 5 BiIdE~< 72
DEHEPOHALNTEY, REFICBNTHLHEL LT
i3, 1 ZEAEDODHEHICBWTRD BT WS (Sherratt
and Beatty, 2005), £7z, HAEHEROREGIE, B X
2% DR IS EbMESNTVD (Bell, 1982),
BHBEHICBWT, —MiciE, SEE, SiEe, Rk
72 B2 W T (Suomalainen, 1950; Glesener and Tilman,
1978), &2\, B EBAIREE, FEO MO E
BT IBW T (Cuellar, 1977), B A4 FEEAKEEA A U
LEMBIENE SNTWD, —F, KEICHIT 5 IR
BAAERRE, PR PRI ARRE & B AR FE R R & 23T
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DO 72 < BWA 7 HNT AT D KRE 2 =— 7 73245
ThY, HAELFHEREIAEOERNEZE 2 5 ETL HEk
TENEFITH D (FIRIZA, 2002; Tojo et al., 2006; BIFR
1E205, 2006).

ZDX oL, AATuhra vk
~AUBREWEBTHY, ZHRETICS, < OWge
PEAINTELR, BEGHOIZE A EIZENICEW
TIZHBAY K « IR & SHBTI, D/KIEDERN T
THRIBORIZEAETH Y, ATEL MBI D 5T -
FEIXREE T o 72,

TOXOREFTITRBWT, 4H, TxSfdhe L
TEE L7 HERAKIE, AINEBA-OERMZ 8 L TR
L ZEMICHERF SN D BERKE THLR, BLIAK
EOBEREDLNTRY, £k, MEEAETHD Z
ELERICHE SN TWD (Tojo et al., 2006), B %
m<, EFMIChic 2 EIELOFMABRE T 5 ETIEar
I Th D & LT,

ARFTETIE, RAH L LTS oHi- 72 B B KT
BWT, A4 uh e yoEiELr L0l <8t
DT, FACEEH], ShAEOREER, 3B X O EDOHE
REcinZ, SPEic B E LA L,

BEHE

FEH

AT I, R A BHOZEN»LEKSNLD E
HEHKEE - BEHKEZRERE U GREE Lz, BEAK
FKTER) 1.5 m, 72>2, BUKEFHIZEY 03-05m D
KETHEMZE L TERE LAEMEFSh TS, H
FHKEREICA A e ey PR L, BIREEL S
Vo ARHFZE TIHEARE DR S AN AHRELOIRS 72 &
EEL, BEFEIAEFHRIKE 2 —10 (138°15'N,
3624 E; Fig. 1A-C) % WM i# %2 Fhi L7z, 2005 4
LHZH 12 A2 To 1 £, A 1 EosEETH
EHAFER LIZGFIER 1 H208,2H23H,3H258,
4H20H,5H20H, 6 H18H, 7H27H, 8 H18H,
9H20H, 10 A25H, 11 H26 H, BXW12 A 17 H).
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Fig. 1. Map showing location of the research site of Hino-yosui (Hino City, Tokyo Prefecture; A-B), and a photo of the research site (C).
1. FAAH OB, FGH B BFHOMBERK (A), BLOFHEH - ZEE)IKRHEHAKOAMERK (B), MAHOETE (C).
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Fig. 2. Seasonal change of water temperature at Hino (Tama-gawa River; A), and at Chikuma (Chikuma-gawa River; B) in the research
period (from January Ist, 2005 to December 31st, 2005). Daily water temperature (maximum, minimum, and mean), based on
the observed data at the Hino-bashi and the Kuisege Observatories, the Ministry of Land, Infrastructure and Transport.

B 2. FAEHRICRIT 22BN (A) LTIl (B) OAROZFHIZAE). 20054 1 4 1 25 12 4 31 0% TOELA@E H I
EBIET (LB A A B SAUE TERET ()il REFIRTET) OF —#. —H Ofkmkii, REKE, ¥
Hkiizzhthr L.

255



BEAR

Fig. 3. Eggs of Ephoron shigae collected at the research site of
Hino-yosui (Aug. 18th, 2005). a-c: Eggs (developed
embryos) before hatching. Compound eyes (CE) and ocelli
(Oc) are clearly visible. d-e: Eggs after hatching. Arrows
show hatching scars from egg teeth visible on chorions. f:
Undeveloped egg. Each egg has an adhesive structure (polar
caps; arrowheads) at the posterior pole. Scale=500 pm.

3. HEAK - -FWRIVBESNAF v ey
Ephoron shigae J8 (2005 4% 8 H 18 HE4E ).a, b, ¢l
PERTDOINZ R L TR Y, IIRNICHEIR (CE: compound
eye) BXUHLR (Oc: ocelli) % b DIEFHRBFRD HILD |
d, el b DINZEZ R L TR Y, I3k chorion |2 IEIP
i egg teeth 1T K > CTHPNTZEIAFRD HILD (KED). f
i, BAERFEOIN. WTFHhoOIRG, HBEANCIRIEEIC
BT 2720 D polar cap fiiE (KJ) ZHD. A —b
=500 pm.

FEiz, PUER PRSI 8 A% D 9 HRICHNT T,
&, IHEORREBZ LT,
EESAE

2 FZ— 1k (300 X 300 mm) —{KRIDY— N—x v
N (BEAAEEY ; NGG42: HA 0450 mm) ZAWT, v
KBTS HUS D DR OB L BRILL, a2 5557z
%, v FNORE%Z 710% =% / — )V CHEE LT,
NWHDEEY T ND 56, IEhAEDOFEENERIC
LT, UFDXORlEEEiTRoT, 70k, KiRED
ERH T — 2B LT, B zma B EEERETIcs
VT % 2005 & 1 FRHIOBHIT — 2 2SR LTI (BH 1K
MZ & DOKIBEFT—4 ; Fig. 2A), £z, ZELEOP T
xig & UleF i) IMEERICE LTk, ELBEmE T
BT (BB EFAFd0) 2R % 2005 4 1 /M
OBRT—2%FIHL, 2R Lk (A 1EEI Lok
IR7 —#% ; Fig. 2B).

OO BREE LBl 5 100 BHICET D ETO T v
L EIT R, FNENOINCE T 5 IR (O
{LHETDORIITH 2 7>, Wifbl DI TH 5 52) ZFEEK
BAMEEE N T, IINICIR D HEFR T & 2 I8 &2 ki D
gpE L (W5 e v EORFEEIZE T 5 Tojo and Machida
[1997] Ik 2 AT —Y 13 £ TITHDH00), JINITIE

-
—

— A &0
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Table 1. Population density (individuals m” mean = S.D.) of
Ephoron shigae nymphs with the Hino-yosui and the Chikuma-
gawa populations.

# 1. HEHK, BLXOFH)IIOAAT a7 v Y Ephoron
shigae SAEHNCRIT 2 BEEREE (EEE m?).

Hino-yosui Chikuma-gawa Mann-Whitney U-test
Jun. 3993 £ 1553 42 £ 25 p<0.01
Jul. 1153 £ 229 184 + 80 p<0.01
Aug. 717 = 194 62 £ 36 p<0.01

W24 5T, P egg teeth |2 & - TYPI#R chorion 7324
DT RALER SR T DI E b RIN E L CHo T
(Fig. 3). 7z, T b0 e LR R2F bk
W (BERFEINE) BT RO bnen, Zh
SOOI LTT—2 X R Lz,

WA BREL TE B D 100 ERICET D ETO
WED T v Z MM AT, BRI LITET A X (R
BB LORKHEHE) %2, FEERBEMSE T CRIE L,
e 3 B HE 2R BRI D TIRMERE A KB L T~ 72
(BRI & 2 iR ERF R OF 8T X v MEkEZ 5] L
7).

EREERE

EEHRRAECRBTSa NI — v EAWBREIZL - T
B oS EFEERE R, 1M bl 0BEZET L
7z (Table 1; 8 L OEHERZE) . H B HAKEEREDK
goatge & Uiz b IMEARE (REIRTF iR i)
BWTH, WTLTR—OFE (FoFA5HSICED
EERE) TEABRERELZT /-7 GAEB 244
H, 3H8H, 4H6H, 5H11H, 6H8H, 7THI13
H, 8 49H, 9A9H, 10H14H, 11H15H, B
W12 A 13 H ).

BEREBEOMELAE
EIEHFAEOKIC, T 24 Al L7z 100 EIROShAE
Do L, MEHEOHBINFTHETH > feikkHc S & M %
AT, MEREOFEBNCEE LT, R R T — U TOERLE
FERKSTHY, EIARIEAERICIS T DT
T ORETH D, Lnl, AEOKADOEAL, K
B ORI B - BHEATETHD O, ZhbD
TENCIIMEREIC X 2178 (BURITE) OMZENEETH
L7, PIZIETA N NIy TIRTUVHT LAY 4 —E
7% LTHMEEN TN, T ADPD o TeiiE L 72
LI EBBEEIND. LTed-> T, ARBFSETIESERIC
B ot EZRA L.
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EMErEENCE
hatched (Aug. 28 - Sep. 20}
-
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Fig. 4. Seasonal changes in the rate of eggs (embryos) before and after hatching among the Hino-yosui population of Ephoron shigae from
January to December, 2005. The proportion of eggs after hatching increased significantly between February and March (*: Tukey
test p < 0.05), whereas the proportion of those before hatching increased markedly between August and September (*: p < 0.05).
It is thought that the mayflies’ hatching period ran from February to March, while the oviposition period extended from August to
September. We observed the emergence from August 28th to September 20th (peak days were September 3rd and 4th). Moreover,
eggs (embryos) before hatching were observed throughout the year, although their proportion was comparatively low (about
10-20%).

X 4. HERH/KIZBIT D44 vl 7 v v Ephoron shigae Y331 F 53 ARAE (WAL EITIN vs. FHALBINGE) OFEIHZE (2005
Eluﬁ)2H225ﬁ63ﬂ25H®Wu%M%W®EA@%ﬁ THII L TW 2 (*: Tukey test p < 0.05) T Z ORI
W?ﬂﬁﬁii__ofl/‘é LEZD  EBICIHE S RSN/ 8 H28 H—9 H 20 HA X = Teii& I 8 H 18 H—9 H 26 A)

2B W TR RTIR D EIA A iﬂﬁjjubfwé (: p<oos) 7z, WERINTEREZEL RO bND .

N FArohs o BERKERECSITHEFES
R LR A K BEIC 35 1 5 2005 4E 0 S E B I B0
AAo0A7 0T BERAKEREICETEEEE T, REOIMLIZ8 A30H -9 H20H (¥—271X9H
HEHKTOa KT — MREICBWT, $h4EIF4-8 3 H, 4H) KRS WTIOPLREIZBWTD,
AR cRES N, —J, FMJINCBWTIX6-8  RAOHIRMEIX 22 - 24 TH Y, Z OREHAIC
AN oABE S Iz, WEERICRW T, LicRES ﬁ%,ﬁ%ﬁﬁ&bﬂfvto:®ﬁ$ﬂﬁ’nP§—
NI AMOBEEEE L ZhEnitigd 5L, 6 HioR e ERAICRBW TS, BRI - EIRD
B vs. THIIO 1 m* &7 0 OEFEE (CF) = EZHER E—&%f&59ﬂm@%iéﬁsﬂﬁ-9ﬂ%%_
) 1, FHFI3993 + 1553 vs. 42 £ 25, 7T AMILE W, BHERIINID 5D 2 EIEN G EICEM L7z (multiple
FRIZ 1153 £ 229 vs. 184 £ 80, 8 H#iL 717 = 194 vs. 62 comparison Tukey test p<0.05; Fig. 4)., —J5, 2 A#i-3 A
36 THY, WTFHOFEA IRV T D i fE AR %Wmﬁwfi PRI (5 o D EIG T A BB

WCHBRZNED bz (Table 1; Mann-Whitney U-test S8 B AV (multiple comparison Tukey test p<0.05), &
p<0.01), i, FfEEBLTHTRLOMEA YISV TLIEL

HIJQHZ».M bohic (Fig 4). ShEMEMEIEZ 13 Alo= R
FTAeha7nT BERKEGRECES T 5L 7 — MBI D BT, 4 HHOFRAE»

#RAOFETHONIZYEY TV (T 7 AT CREINIIL O, £, REOIULHEZREOEKA
SN2 100 fEER) D9 5B, PILHEDREER S DIXT A Lot 920 ALY bRERD9H 26 HOFAEL
RIS HHOREIZBITALDOTH -7z (7 Ao : M, ShEFE<EONR Rol, SEF VIVICE
@ =45:49; 8 A" : @ =55:45), HEHITIFFE 1:1 TH Y, V% B RERME SR RITIZROFEBI B b o Z L0 b
WTFNORFEICB W THHERR VIO R o7 (Pearson's product-moment correlation p<0.001), ARFHIZIS
(binomial test p>0.05). Wi, 7F 7 ZpE<, BEks 774777
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Fig. 5. Records of Ephoron shigae body size distribution (head width) from March 25 to September 26, 2005 at Hino-yosui population.
In July and August, it was observed that females were significantly larger than males (Mann-Whitney U-test p < 0.001).

5. BB HKICRIT 44> v B 7 v Ephoron shigae ShHAEDIKY A X (B KBHIE) OFHEE .7 H L 8 HOFEIZE N
TlE, MEEDXBI BT o7 A RFA R L, HEICKE W EFHIi S 47z (Mann-Whitney U-test p < 0.001).

ERED/INSNEBZBNLRRBEBIZONWTHRES 7
7 %57 (Fig. 5). 7 ABOFED S131F & A L OER
W CHERED B A FIRE L 72, 7 A#, 8 AHDFH
BizBWTiE, Wy A 2RS4 2T LTH
BICH A AR TH D & OFERPHE LN (Mann-Whitney
U-test p<0.001)., 6 H HIOFAEICB W TIE, EIRRIFIE
I XL D MEHEDOHIBNT TE Ao Te s, R RHEEOY A X
BREL 2T NV—=TITHDNI (KEWHFDO T LV—T1
AR, INSWHERFAATHDEEZEZLND ),

£ E

FA oAy BERAKEGEOFEELAEE2A1 T
(tEtk)

ek, AT mHh ey OSMCETLHHREE FL
L CTHBEORE 72— P b 2477 9 i b o B BT
ST I TE 7 (Watanabe and Ishiwata, 1997), L
o T, IREETHELETHIHES, HEEHEDICA
Foalray ORFKEFLT DRI JIRWoRE Eo
HKERIT 72 &) BIN X S 356 (L, RNt
HENdF MV AT AEFERAIBTHN), £, R
BEADRWHIEE T, KICARERSEE LTz e L
TH HBESHEW, ERICYEH TORMAEITIKNT
X, B (B S IRIRIIET) 2 BBk S D EE R K
PRI 2 AL A (R B W AT 5 [JTT - W2 5 5]
K) KV HOKS D /NI - 1L A 72 1R,
A w B rny OBERERINLTHS (BRIE»
2006), HEFHKZIZ L, sBERJIAKECL AN
BIFAHEEMIL, NI NE Yy FThoThAAY
R a Y RMEETEDLZLERTREWITHDDOND
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HIALIRVY,

FT, EVWERE RGO bl BB RKEREE &,
K —F P E§25 Z & Tha b5 Tl 1HERE &
D (FAHOFET —ZITESEE) T80T, »
THOFEH TN TS BB AKEEREOBEEETE
BT > Tz (Table 1; Mann-Whitney U-test p<0.01), H
B AKICIT DRE LT RN BMERE IS F8 % 5 2
TWDDTERWEA S I,

H B HAKEARRRIC I T D MICBI L TiE, "o 223
HoNT, MMREEERETHD L E XD, BHEH
KDEKIRThH 2 ZE) BN ThilECA AT ey
v UERDORLENHY, MEERFETHo L ST
5 Z &5 1% (Watanabe and Ishiwata, 1997), HEFHK
EUAFEIZZEIER DS DTHA S LEZEZBND, B
W <ix, 2B, BEHAKZIZC O ET 5 mEERE
(fiz X, FEu, )il ), AMEI, REEI) &
A A DI THERL S 5 By B EARE (R, A,
FEFEN) O ¥ A 7 HREET D (Watanabe and Ishiwata,
1997; Tojo et al., 2006). 72 % EE)I13 X OV H B K E AR
BENHMEEARETH D00, Fiz, BEAKEERITS
BEENMEAEREO S BUC X D R S W BERETH D00 &
W TeEEGRICEE L CiE, BESEMTFIESIC X BIEMT
HThod,

FAohs o BFRAKERECHSITLEFESE
FAvuhrwyix, gk 9 AL - ) 233PHE -
BHHTH Y, ZOREICETININ, EHICKRTE
HxBAIEL, MBAEDEMAT —V E TRAEPHEALTDIR
RECIMARIR L, BEFEFOKEEFE2Z TS 2
Embad (BF, 1985 HAIZDY, 1986, 1987; i
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&>, 1993; Nakamura et al., 1999; F14F - =i, 2001).,
HEFHKICRIT 2 KA BT, Yo —2
BOHERTHDLZ &, F7c3 AFAEICKB W TIEIShE
TEERBELFBDO NPT b D00, ZHOME T £
VIR BPHRSINTND, LR ->T, AFEMLIC
BNTYH, AFvaeb e g 3RIRIPE LTINEA L,
P izEEL LT2AMQH 2 )53 AMGB H 25 H)
DOHEICEZ > TWDH b0 EEZBND (Fig 2A, 4: 7
(LRENERE S ). 3 HHIOME T, ShA@Erna< R
DN PoTZDIE, BEHL, A XM NWTedIT
a RT—h"E2HWe 7Y v T oxtgst bl oTlclod

ThHAH9,

e, FALHNE 3 H TRIEH E SN TE 2y (ELIED,
1993; Watanabe and Ohkita, 2000), ABFZEIZEBWT i%%
BREZZHEDLNLENL OO, 3 AH -4 HHIIC
%MWW®£w5%é®%M@mw%ht(ﬁgmx4
PR R AR ) o Tl IER AR IS LU, B B K (E
RN TIE T ORI OB E U 58O 6N D L5
ThbH, AMEAFEEHTENTIE, PMEFEEEIEELTY, 8
ATAPOHELREETROTHLHZ L0, HEFH
KIEEBECRIT DA A a7 o O&TEREIRR D L
BHIANZS 7 R LTWDE LI TH D,

FERZBIT W, T72bbIMARIROMEERS E D X
5 HA I T THEL DT HONTIEZN L DO DFRATHF
ERIRENTRY, BER OB REENEET D Z
ERFBAD (PR, 1985 HATIEZAY, 1987; PE0IE 2,
1993; Watanabe, 1998; Nakamura et al., 1999; F14f - =i,
2001), AMEEEEIC IV THIZE S TR & 7KiE &
ORFRE R THD L, BILITFELOKES EF LB
5 CEYARBRS IICUEE72 D) FEHlIcHIET 5. &
7o, —F T, FUEENTIRK D AKIEAMET Uik 5 R
—E4 % (Fig. 2A). Z 15 % Watanabe and Ohkita (2000)
WCEDHRELFE-HT IR THD, bR, T
JIMEARE (BBIRTFAhT) L HERET L Tasd &, Tl
JIMEEREIC RN TIZ 9 AR a X v P v E o 7223, H
B HKICHE R TF I OFRZOKIRIEA 2 VKL< (Fig.
2Avs. B), HEHKICBIT LA A e vny OERE
BOLLEDOT T ME, FEDPOHEETICRIT LI
BHIRIE 72 KIRIC Z 0, FHEREEE X O AEDRE R R
FolklkhbltBEZLND,

Fio, RFEICBNTIE4 AHrD 8 HHOMD X 9
u,%kﬁ%% it b o7, Mo A7 —

VIZH DI (ETZIRIRFORIBICH D Z E BRI D
PR) M LEGR b%hé&wot!%ﬁwﬁ%ﬂ%%ﬂt

259

(Fig. 4)e TS DORLRTDO AT — 21T H HINE, IBF
HEDOREAT—Y (AT —V 13) ETEALLEREETe
LDOTHD (Fig.3). TDZELHEETDE, IKIRLZ
IR ASEE) 72 RIR AL A ST, FICTH o THIRIRAAERR
SN oltRbbd LD EEZ LD, 2D, Zh
OO ERETOINE, FLES RBIRIRZ S5 TERY,
BUE (BHDWE, FRLBEOE) OFRFITIRIR 2 RRT
DAREME L DD L EZ DND, 0B, —EOKIELHE -
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