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Current distribution of the polymitarcyid mayfly Ephoron shigae in the Chikuma-gawa River

Kazuki SEKINE", Masanao SUEYOSHI?, and Koji TOJO**

Abstract

The polymitarcyid mayfly Ephoron shigae is widely distributed in Japan, and inhabits burrows in gravel
riverbeds in the mid and lower regions of rivers. This mayfly is renowned for synchronized mass emergences at
dusk in early autumn, which have been frequently observed in various Japanese rivers since the 1970s. Although
much geographic documentation of synchronized mass emergence has accumulated for major populations, there
is not much information for smaller populations. There are a number of reasons the full distribution of this mayfly
is not well known, including; 1) the comparatively short period of the adult stage (shorter than two hours), 2)
the short emergence season (one or several weeks per year), 3) the short nymphal season (E. shigae remains as
diapause stage eggs from autumn to spring), and 4) the typical habitats are below deep water riverbeds in the mid
to lower reaches of comparatively large rivers. In this study, we investigated the current distribution range (i.e., the
geographic distribution range along the river’ s course) of the mayfly E. shigae in the Chikuma-gawa River (Nagano
Prefecture), where it is considered to be one of the largest continuously extant meta-populations of this mayfly.
The first record of mass emergence of this mayfly in the Chikuma-gawa River was reported in the novel entitled
“Hounen-mushi” written in 1928 by Shiga Naoya, and has since been observed for more than 80 years. In the
results of our research, it was revealed that E. shigae inhabits an extended distribution range from the city of Ueda
to the town of Obuse. Further, we observed high mayfly density and high biomass in a region around the Heiwa-
bashi and Awasa-bashi bridges. From these areas, the density, body size and the biomass of the mayflies decreased
gradually in both the upstream and downstream zones. This result is consistent with a previous study investigating
the distribution of the adult stage of this species. However, contrary to the previous study, we found many more
nymphs at the downstream sites (the Yashima-bashi and Obuse-bashi bridges) than at the Sai-gawa tributary

merge point. However, the collected individuals at these two downstream sites were markedly smaller in size. The
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inflow of Sai-gawa River into the Chikuma-gawa River is comparatively oligotrophic and may provide fewer food

resources for the detritus-feeding nymphs.

Key words: aquatic insect, Ephemeroptera, geographic parthenogenesis, macrobenthos, synchronized mass

emergence
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4) BRI NE Y v NI RE RN OFTHRT, POWKOWEICEDEERTHL Z LH3HT
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Watanabe et al., 1999; B 3 & , 2002; Tojo et al., 2006). 2
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(A, 1985), UK —H T, RIERBEDORK AT —

74

ICETETT D &, —B, BEREIL UKRIERRE & 72
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RLELERDT M)A AOHBICIER D EEZ DN
T&ER (JEBS,1993; 50 , 1996; ££, 1997; FZE , 2000,
2010). L2>L, AEOKEIMLOREIIDI 2D &< 2
5BV, 198FICZE - FEERICEI-T, REEL
H - FEMIZEGICHEIN/ G B8] 12T,
EREFE - EILAHMBOT @I TRKRET IS0y
(B8 ) O LBRFRENTWS, ZOEMICE, £

b ey (BES )BT FVelreyTHDL I &iXH
BN, FLT, Y2 5IX80EL ELRELZE
FIZRBWTS, THITEAZT Y e ey oRENL
BRBH LN TS, THJIEERBEOSMIL, &K
EMIc X 3 NAHRTBICLEEENL TS LEZLR
B0, PEROFEHIOFEFEE SEESHDDOPS L
nin,

ABEOBERMIZELTIE, 1) EVERH - KRS
M (ELTH 2BMEE ), 2) WP, 3) v
SRR (FEELREIITHEIT ), 4) AR E
Z v MIHEKE REFJIOF - FIRT, 2 OfKROD
BCELARHTHY, KEBNAEPRETHDS Z LD
b, BERAENFTEETH 2 IHLEEIZB N TEHE S
BIZBE->TND, THIINTRBWN TS A (1999) 12 &
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Fig. 1. Map showing the location of the Chikuma-gawa River in the Shinano-gawa River basin (A); and the relative population density* of
adult Ephoron shigae observed in the previous study (Nakamura, 1996) (B). Detailed view of area within dashed lines in Fig. 1A. We
investigated nine sites marked D—©) included in a previous study (Nakamura, 1996). Roman numerals indicate the locations observing
BOD (biochemical oxygen demand) and COD (chemical oxygen demand) data referred to in Fig. 5. I: the Ikuta observatory, II: the
Kogai-bashi observatory, III: the Chikuma-bashi observatory, IV: the Sekizaki-bashi observatory, V: the Koichi-bashi observatory,
VI: the Yashima-bashi observatory, VII: the Tachigahana-bashi observatory, VIII: the Chosei-bashi observatory, IX: the Heisei-ohashi

observatory. Fractions indicate stream gradients.

&1 ERIIARTrI O (A) &ETHE (HR, 1996) 2B 544 ah s oy gioRERE (B). A TR DR
DK% BITTRT . MNOHL L HF (1996) OFEH 24 #HE TH Y , 2D 5 bAEOFEH 9 HE2D-QTrRT . &
L1550 IX EES BV THEDUEKET—% (BOD B LU COD) 2MIE SN RIFT2~7 . 1 ARSI, I FEE
BIET , I TFEhASSIET , Iv: BEBERIFT , v: NBEIRIET , VI BEBERIET , VIL 524 1EFEURIET , VI KABERIFT,

IX: TRCATSEBRIET . 550 | AR 2R
* EBEBOMBRAERE | & LIRHOMIE .
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B2AMETRENTEY (Fig. 1), KEREIZD O
N7eOF LA - EAE»SEEH - BRI T
Feh)ll (#32km) KRESNLTNWDZ &, FH)lIFEK
DOXNTHELENOARLY FRAITIEHEE<FED LR
NWZE(BINEBWTLHED ATV &) BHE
INTWB, LIrL, ZhoOFEEITRBEERE Lz
LOTHY, F72, BEICRESNZRADREC/KE
DOLORBEM (B ) Itk THESN DR LE
2 bbb, BIEE 360 km 2B %, AMEKEOFIITH
LFE)I (BRI OFTYH, o35 1 EEEOHEIC
EOBEETLOABOSMBERICOVWTIHE, LRI HHE
ELTHETFOLNDOLRBROEETH D,

FIT, FHINIRBITAA A v b7 vy ORETHIS
HOFICHED T2, &3, FTHlcRIT2ARESHEDS
HEFHEL, LVERLTAYabsr ey OSMRLE
BELMCTAZEERME L,

FEHRELVAE

AW TR, REE - FaJIIZHAZTRNE L, B
(1999) OFREMEZE D FHRMIPOLEFEMETO
HRENICIDOABHMX ZHE L, EHREHXIL,
EHA2 O FEET - FEBHEX (N 36723 47.44", E
1387 14' 38.76"), QERIERIIKAT - BiFHX (N 36° 25'
37.75", E 138 11' 22.01"), QT - FEBHK (N 36
°28'44.84", E138°8'53.73"), @F-phth - EAIGEHIX (N
36°30'59.15", E 138°6' 43.69"), &F g - LB HX (N
36°32'24.69", E 138° 6' 55.66"), ©@FEFH-FEFF{HX (N
36”33 42.81", B 1387 9' 24.98"), OEH - BEHEHKX
(N 36°36' 21.24", E 138° 13' 25.22"), @EHH - ZEH
X (N 36° 38' 24.18", E 138° 15' 29.28"), % L TQ/ i
HEET - ANAFEREHIR (N 36° 42' 20.61", E 138° 17 46.47")
TH5 (Fig. 1,2). OBBBMEX & Q/NMilEiFEHR D 2

e

Fig. 2. The landscape of each study area along the Chikuma-gawa River. (D : the Ueda-bashi research site, @ : the Nezumi-bashi research
site, @) : the Manyo-bashi research site, @ : the Heiwa-bashi research site, ® : the Awasa-bashi research site, & : the Iwano-bashi
research site, @ : the Sekizaki-bashi research site, @) : the Yashima-bashi research site, @ : the Obuse-bashi research site.

B2 THICR T2 HREMKORE . O: LABHAEHK , O : RBHEHX , @ FERHAMK , @ FIfBRAEHK , ©:
EEEREHK , ©  SFEHENX @ BEGERERK ,©: ERBAEHK , @ MiEEHAERK .
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HHE LV L TFHEAICHZ D, TN T 2K EH
DTN OWTIE, @\ (FJIAE 1/200) —SEERE
HX (1/350) BRRHFICHE L, BE/NMiE/EH X
B SRR (171060) TH DI OEITHE VIR S
3 (ELREE b RER, 1997).

T & B R R EEA R & U T WD - 7z 2007 £ 7
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Da KT — MREZRBNT, IEBIRDLRIZa FF—
FOEIE (SIEOHER ) BIUOEREEZ AT, &
AEHRICBITSa FI7— MEBREOBEILELT
i, SHMRICRITAHRBWZBEAES Y bR H A
WCIOREZEE LY, 2 RT7— MNAETHLIEE L,
RERLFEICE LT, H5—EDOERENICEETE S
B ol, LL, KBA ey UTid+a72M
EEEBDLL LR TERLBE LY T T ONWTI,
B TAANy b ETHRESEE Y —T o 7L, T0%
EtOH TEE L T, EBRE~FbLREo7. EREILRN
T, FIRELTCHEDEKRERIURARHEHIEZAEL, &
TERE (A&D 8, FX-300i) T L W &5EEEOCEBE
BRI L, FRFhoa K7 — MNEEHAIZOWT
i, U NVBREOEMICKEE, BREFEERH (KENEK
HH, VEI0) 12 X VKR 60% DmEEZFHN Lz, £z,
REMBOTRICHFGEETEE, Kbhb AT (Y 1
A, pTough) T X V®RE - Bk L7z, |BE LW
KEENG, B (K& <2mm), /P (2-16 mm), A
(17-64 mm), F B (65-256 mm), E B (257-1024 mm)
ELTENENOEELRRY, EEHE =DHEX 1
+INEEBREE X 2 + R IE X 3 + KRB X 4+ EREX 5;
Bain et al., 1985; Inoue and Nakano, 1998) #EH L7z,

7z, Tl (BN BIOBRIICRIT 3 £91k

A 5% B K 5 biochemical oxygen demand (BOD), b
2 H% 58 5K £ chemical oxygen demand (COD), 3 X

VKB OEBAT — 212 L Tk, BLREEbkE
FEES L £RSHPT, 1L SE8RIFT, 1L THhBgn
BT, IV. IsEEEIET, V. /NHESRET, VL ESEE
BT, VIL 324 JEAGE0R, VI RABBRIFT, 1X. Fhk
KIBERIFTIZ BT 5 IEREFICRE Sz Rl —F
LW L7z (Fig. 1), TH)IMEEEICRT23Frnd
Fa vy OREEIE -4 ABIUPHEEIZO B EEZ BN
57z ({30 5, 1993; Watanabe and Ohkita, 2000; F84R &,
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2007), BOD 3 L UKIEIC DWW TIEW TR OB RIFTIC I
WTH 200553 H9H, 4A20H, SA18H, 6A 15
H, 7H200H, 8 178, BXU9 H 28 HDFFIFIC
HESNZBRIT -2 %2R L, —EMIcELIAIE
EN TRV COD ITOWTIE 2005 £ 8 A 17 B (ZH
FTI-VID 3 X 0°2005 47 A 20 H (EAIFT VI 38 L F
IX) OBBEIF—2 2R LT,

S
FREHXOYEORET — % & LT, KK, FH,
MKDEEEEZF L (Fig. 3). FREMROAKE

i 0.15-0.64 m, FEEHEIT 0.025-0968 ms', EEHE 1.37
-358 (BBOFIMET -2 L) OBETH -7z,
EFER TOREHEIC OWTIHEELEBHEK - S5EH
KEIZBWT, HEIZ W TR FEBHK S heTo
FEMRENCBNT, KEICOWTITEBHX - EERS
HEEICBNTHEEREVIRED 517z (p <0.05; Steel-
Dwass test), WTNOHHBREST — 2250 T, B
JIOFEAR S D ETFHETOFRREIIFED bz
Drole, EREMRICET D EMENE, 1ITEHE (5
B 0-90%) &K (0-83%) Io X b S ohTnie, 7277

L, LABHRLEBHE T, BRICLYZHORE
RS LN (Fig. 2-©, @), EREFICRN TR
300-300 mm D3I K7 — MRAEXRTERWEZYD, FEE
CRWTIEgA L L.

SERFEINZFH/ITONTHOHMKIC
Fiu s uviEOBEERED SN (Fg 44). T
Tebot, R (1999) 12 X 2 U R OFHE LT R Y,
BEAMS LY S FTRAOHRICEAN TSI uh
FuodEBREELTWAZ ERBELL LT, Kl
EHXICE T 54 OHBEREE, EABHES L UFERE
BHX T100% L &LE <, ROWTRJIEREDOEDH
HX T 80%, /NAEBHIK TT0% Tholz, £z, ¥
FOBHX XY BFEA~E» 1R Y, SHERRERIELS 2o
TWhofe, SIEBRED GNIZYENRET — #1250\ T
X, JK¥EIX 0.26-0.51 m, B 0.100-0.968 ms', JEE
HLEE 1.40-3.58 DEEFHTH - 72,

HEE (BREE) BIUOEREEYL, FTABHEK, F
FEBRBEB I UCREBHE TE» ok (Fig. 4B, C), V
Thb EEBHK S L EEBHEE Cid gL ic@EmL,
AEBHX TR, BEEBHXKE I OBREBHX TEWY
WL 72tk MRS HLR T LTz,
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Fig. 3. Depth (A); current velocity at 60% of total depth (B), substrate coarseness (C) at each research site. Black dots and
error bars indicate the mean and standard error at each research site. Asterisks {*) and different letters (a, b) indicate
significant differences between the research sites (p < 0.05, Steel-Dwass test).

X3 ZFEHRICRIT D KE
WEBLOERBREZZTT.FE
0.03, Steel-Dwass test).

—LB D5y AE & 78 o 72 (Fig. 4D, 5). FFIER L OFRE
EHIRICEET A 5AE DAY 1 XiXBEEE, BEBR X
G/ KICER T 59EIC L THERICKE 2o
Te. Eie, BFBHEICRIT 2 HEDEY A b/ ho
7eds, MEINTZEERKS DR TENBR LUEER
HMEOE L OFERET A XOBNTED b2 o
oo AV u L ey 3EEALERETH Y, Tl
JNOMEEERIE A A2 TRERLS N 2 MEPE R ( %4
FEEREE ) THBZ LB LT > T3 (Watanabe,
1998; Tojo et al., 2006; B4 #B - 3 3k , 2008; Sekiné and Tojo,
2010), SEIOWEICBNTS, BESIEZEFTNT
b ARBEETH Y, YA XOHkEESBET DNE
3720, —EELS7ZD OBEEICOWTHIEY A X LFE
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BOD B8 XU COD BEAFED OGN AEMEH U (Fig. 6A,
B), 4 ubh vy OhAEITHL3-9BItkiTS
BOD fEIC DWW TIE, Sl TORELRENETE
BTz (p < 0.001, Friedman test), Scheffe iZ X D% EH
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Fig. 4. Occurrence ratio (A); biomass (B); population density (C); size of nymph (D) and wet weight of nymph (E) at each
research site. Black dots and error bars indicate the mean and standard error for each research site. The different letters (a,
b, ¢, and d) indicate significant differences between the research sites (p < 0.05; A: Tukey test, B-E: Steel-Dwass test).

4 FRABTHRICBNTRD SN AT Y ey DHEE (A), HEE (B), BEBE (O, BBV X (e,
AEH 4 X WD), # LTEEEBER (B). EABI SN T — A"~ I THER I CERRELZRT . ERICER
LFEMRMARRD TNV 7 7y b (a,b,¢,d) TRT (p<0.05; A: Tukey test, B-E: Steel-Dwass test).
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Fig. 5. Body size (head width) distribution of all collected Ephoron shigae specimens in each research site.
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Fig. 6. BOD (biochemical oxygen demand) (A), COD (chemical oxygen demand) (B), and water temperature (C) data in
the Shinano-gawa River basin. BOD (A) and water temperature (C) are significantly different between the observatory
sites (A: p < 0.001, C: p < 0.01, Friedman test), and asterisks (*) indicate significant differences (p < 0.05, multiple
comparison with Scheffe test). Black dots and error bars indicate the mean and standard error at each research site.

6 {EI8)IIARIZIIT 5 BOD (A), COD (B), BLUYKE (C). A, C: BOD B X UKEBEDOWITNIZDONTS , BRIFT
BIToOBZERENBED B (A: p < 0.001, C: p < 0.01, Friedman test), Scheffe 5T & 2 ZELE THEREN
WD BN BRIFEICOWTIE * TRT (p<005). BEBLUT T —A— L EHES LOEERELRT .

LoD, BJIO/NFEERIH SO BOD ME T T iEgi
ALV ERICEWETD T, z B
F o) R L OB o & BRI AR T 2 KERE Fgh)ilicBF A A A e b ay oo A, #Ek
F— A CREBEEREVBRDONATZLDOD (p<001, EZLNTWEIVY LA, Pl &b BB /M
Friedman test), Scheffe IZ & 2 % & g TidvW3 L D& WX £ colicam L TRy, P& (1999) OFE T
HEFIZBWTHEEREVWIRD G2 -7z (Fig. R EAEEIN LS TBIOBRASL L Y b Tl
6C). LEHERDH L TNWEZ LA LR LR -7 (Fig. 1,3 -
5), 7L, FRAETIESMOL - TERPALMCR-
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DT DHAREMER D B,
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X, TRV ZRAEEEETHEBRETHY (B, 1983;
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Ban et al., 1994), FFHECREBH X IZFIRMK I T
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FRDEREZLUD, SIESTFLZ 5 UKEREDFEES,
HBRZERTODOLIRRERLEI s ns B
bIvd, —F, THJIDOXEEdIKbY, F)IARd
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