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Embryology of May Fly (Ephemera strigata Eaton)
as studied by external observation

By Hiroshi Ando and Toyoko Kawana

B 5w Y ORTFRAEE S TR ¥ ©ic, Burmeister (1848), Joly (1876), Heymons
(1896 a,b), Murphy (’22) O3 E 5. Burmeister |3 Palingenia horaria @, Joly
13 P. virgo OPBRFFESY FNFNEEL%-. Heymons (a) % Ephemera vulgata L.
(Ephemeridae) K{* Caenis grisea P. (Oaemidae) 2{FEFHL, BIF I oTEFNLDOR
FREVIFEL, FOMEYAXBOWIED pre-revolution stage DOFEFHXr (Plate
1, Figures 10, 11) LU7-. & Murphy |} Baetis posticatus Say (Baetidae) %{;fof
DEOETFRELEEL, 4 stages Whc IR (PL 1, Figs. 1 ~4) Li=»% Figs.
3, 4 BEDTARERILDDTHY, HEOFRERBOERTOWELELIARTHOLIER
% 7r\>. Needham 5% “ Biology of May Flies” b (*35, p. 91, Fig. 6, 1~4) &
DOHEOREZFIFAL TW5.

Bk oohn i3 BB FREZHREA L b AT, BROFSHHP TS HSED CREBHO S
Hebh, BEFCREOSERCENTHALNL OEMbIR. HMAHED /7 =
vEBEE LT, HOREMBROREERMERZT T LIERLI L LES. EEE
DN RCHRT, BRERFUENCEBCRAO N % v b 5 v v Ephemera strigata
Eaton* OREFHiEY, RIS BREOBED LD X 58EH7o0)
X oTHID BRBBRCOWTHERIIONS.  SEFK X 25 BZC oW Tiigskot
DTCHRD2%H D THB.

ARBCABISRIED, WHEE b IR E M O &\ o IO e R K B sk
Witk YORBERIEBESELTI D, B0 4 B RE \ Wi\ B PR A0
Z2ET B R ER ORALLZRIE BB i B L R 5.

7 #H & FE

M e Ui Ephemera strigata Eaton (Ephemeridae) OFI#& R, MO
Baetis sp. (Baetidae) DJIH AL . B 195445 BrhaBMIE=B K0, TE

* Baetis sp. 3P CHEBLAEMNETH U HOoBEIC jelly oF2»ndH 3 0FH <k
bl fa
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BRIUTHE L L IFRECENXELIOTES. BEd E. strigata FE=ZE CHF
#EL7b DE . Baetis Ozt Murphy (C22) 3 LML, MavkbBoR
SIS 258, E. strigata FRKEZIA L0 0ILKki~E L 378, ZOUIBEA
KPANET S O3B0, COBETRESEON, AOFECEN I DAV,

I ARE AL ORI TR 17~ 19°C 12k, BHEOREIC U235 15 §F
FTok L VEENUCERLK. E. strigata O—JEOHENHEEBRSERNCELIIIS X4+
800 ‘chH ot

S B IREMEEY B\, R X 588086, BREitik 60°C L
7z~ Bouin RN F. AL A, (4 v <V ve 7 bz~ e KEHRIESW,, D¢
15:1) ZRW, g 10400 15 54EZORECRO%. BEC X HEBIEWEER
PEL NI DIBFIE CIIRERFChH O, Pl iifibs — 3 v %O Delafield F~
<P FY V=AY vy OBRERFEYHW. BN — 3 v OESIIIIRO—HIEE Ch
7ok ot} total staining %f7ofz. HIFEMRCIEBO ~Z 71 VIEEERZAL, WTHLE
X 64 QL LT #EILTNT Abbe RO H 2 vy XE WK,

BEEHR

1. 99 '
BB O E. strigata OINLEAIIEWEE LA (B2 0.25 mm, 65@ 0.15mm*)
Th O PR CHAES B0 (BEEH34) ©o0oFhT\w5. Baetis Ti3ER 0.15 mm,
ek 0.1mm Th b FIEFAREAE T, IIREEALELINIHEEC X A1 jelly 124
FRTWAENRS . & ORISR CIIIIORIZE L 52030 Dikisv. TR
T3 —Te ISR 2 e L, HoOmREISEE HFET S (PL 24, Fig. 1). fioEDE
BINC B BB 2 & B periplasm (377 1A Tl IS T4\ . micropyle
EE LBk,
2. BFFLE
E. strigata DRTFFEAEBROERS ERD 7 stages Wl CTRNEEHICEL, £24
DR DTGRET AN TR B, ‘
Stage 1. Bij#¢¢ blastoderm O5L.
(BEIREEE X &y 20 58], PL 24, Figs. 1-5) .
RE T O BRAR N VIRED BT o Teny, BB A SR R BEINES 9 BEfEC 8 DRElimia
2%, 12 pEfECuR 16 SRElmiE e b, BE3, AL T Licc Ly xmvEs (PL
24, Figs. 3-4). S35 4 2R INEREa L ERECE 2T 5 & LR RNEEETh
iz, JIEMEIT IR ORE L T INE ORI EFE T 5 23, O /2% L 4 FETH
DI PIEOREC S OM M HEET 5. RUEINEH 20 sfflicgE 5% &, BomEosxE
EHOMMLES /e e, JIEOEEIC blastoderm H5ERT 5. o stage OII% &)
FCEHBE L IIER s a Rbhinsof (Textfig. 1).

* E. vulgata o33 0.3mm (Heymons ’96, b), Baetis posticatus o5 0.152
mm X 0.81 mm (Murphy ’22) <& 3.
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Textfig. 1. Cross section of the egg .
20 hours after oviposition Textfig. 3. Cross section of. the
(excluding the chorion). germ-band (early anatrepsis).

a, amnion ; e, ectoderm;

b, blastoderm; y, yolk. !
il, inner laver.

(O ] pd a

Textfig. 4. A, Cross section of
the cephalic lobe.
B, Longitudinal section of the
caudal end of germ-band

Textfig. 2. Longitudinal section of the egg (middle anatrepsis).
25 hours after oviposition a, amnion ; mc, mesodermal
(excluding the chorion). cells; pd, proctodaeum;
b, blastoderm ; vp, ventral plate; y, yolk. : sd, stomodaeum.
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Stage 2, Ventral plate Ok,
(%920 — %9 28 p&f¥, PL 24, Fig. 6)

Blastoderm D52 X INOEBIC L 27 IBEEH 1T, fho blastoderm D
e T DMK B ESES. . A% ventral plate G, ventral plate ORI X » 2 bIEE
ILIROEIESSHHE & 70 5. ventral plate (XEEREOREE X 3T, OB T IS L E:
“OJBE$%. ventral plate RIIOBBICHE T 55 ClbO B O RH & 8% 2 B. posticatus
LIZFRETH S (Murphy 22). Textfig. 2 1A stage DIIOMBTEER L.

Stage. 3. Germ-band D[ A (anatrepsis)
(28 — ¥ 90 p5F8], PL 24, Figs. 7-9, PL 25, Fig. 10)

EEDNEREY 28 B, ventral plate DOIFRHC X o7 EH o2 IIEP AL BIRT 5
Pl 24, Fig. 7). BB 1 7=¥413 protocephalon, [EAZRIL protocorm Thb. [
AL Uiz germ-band DOEMIIIIOFIHICET CTHEL, T gnathal segments
PERbILS. OB germ-band # g CEIZS T % &, inner layer 2B I D00
B ruEYES (Textfig. 3 A). BT (HE LIS DETET 5 &, germband
DEMI R LE2 B &5 & germ-band (% S HIZET 5. OB BEAL H B
HUPIEOEEIC I U7 protocephalon X, BEHMIC cephalic lobe &o{b35. JH
# L 7Bk /a3 b germ-band DEMNC 2\ O DBEA~FIWVEE L, S, SEEGOHE
RO mE, RIFIBROFEFENET 5. SR RERIC/NIREEE & 35 L8 7n oy D1 BT R
P35 (Textfig. 3, B). EEIIEHY 80 pREED HIEABRLAEE 52 pEfC /e B &, B O
BRI LAS, B, KB, /MNE, TEUROW SHOMMECENSHEL b, K2
X DS, oD stage O germ-band I CHET S L, BNEAOIIFINGELHRER
A EERICEE LS b L5 (Textfig. 4). ventral plate MEAX D S
L, SR THOLINERCEE LB E LS. b ET W On0ENEL, AD
T L SR iErBERO 7 vy 228N B, oD stage ITH] stage ¥ TR LI
PiEEkEAEA IR . anatrepsis @& DI IEWEIIROE T BHEEZHF O /o cuticular
envelope (JEX 1 #) MER L b o085 (Textfig 5).

Stage 4. o #z (katatrepsis)

(#5790 — £ 93 8], PL 25, Figs. 11-13)

EEONEE 91 pERA AL -8, OB ORI
BoEEL» h, REEYERRT 5. E—Ihchir s
FEBRRIRCES. ]ErERIhTtiy, 2~34
TN IIEER X o HER 5. TEERIIEC IR IR DRI
FEIBARIBEL, 1EECIE TE, thib 10
BT, BN, R\ 2 ), &5 3 Kafh ot .

_ ) Textfig. 5. Chorion and
CHibhd. BUEREM X bV 2 BT katatrepsis 1358 cuticular envelope (short-
TF5h. HOBRETHMIIIONSM: —5F 5 & sy |7 before katatrepsis).

¢, chorion ; ce, cuticular

%. ST, EIROHMCABEL, EERERE envelope,
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7 X v —Ry7e dorsal closure 23N %.

Stage 5. Post-revolution stage, Bijif.

(%793 — #9125 g5, PL 25, Figs. 14-16)

Ftmps 12 pfd] (ZEDIES 105 i) ZFSEL - CIXEX(RRE L 3 8 & 7z b SRIsEiXRl
HeBlTs. BYEIREET. o stage TIXAIMREEZIEN D B LCEIZEHES.
o DEETEE DBECE B aE bR EIEOFENE U A, Eic 10 5] (ZEIIE 115
B Fookc BT, MEOHEIOIE AR BER s Hbh . CHIBIRDFET
5. D stage WROEEOERIC X 5HD dorsal closure PEETL, FRETHED
embryonic envelope [IJEET%. pho stage X hROEE & 7 \0INIRE %
0%, S ECR LR SREE T,

Stage 6. Post-revolution stage, £53.

(§7 125 — #4156 pifd], PL 25, Fig. 17)

Dorsal closure 13527 L secondary dorsal organ MHgEismEcwm I s (Textiig.
6). HIBNIERC oL L 73 3 B0 SN B M § {2l
U b, By, EEFL A stage K LEEE L 70 0, EHILMEAER
LChn TEREEL, BIRAE, KEROMECHROT
L1 thmEACHS. OBORBOHE ErEL) E
e X oTES. IIFMEIEELE T EEEET 5.

Stage 7. WEO5SECHA & L.

(%156 — #9204 g5, Pl 25, Figs. 18, 19)

BEDIES 156 REEEEINN CRE BB EI XL LD 5. RO
Textfig. 6. Longitudinal yuugyipsey BT 5%, 43a% 07 ThORERD

section of the secondary

dorsal organ (late Wi, TEOMEBEC CENRECERETS. oD

post*elvollﬁgzg stage).  TEFIECREAEIET S L, B X ) EHORAEE E Tk

" ) REMTEA R DA, BRIV EEIENEYET5. <
NI VAR, EROEMY D, EHOHA 2 ZOMIZOENELTENFHE
%, FOETEE R I N4 G L /5. B stage X b FIBREROBEENRE LI A, AR
R A RBRIMEEERE LR w5, BOTRENHRREZETD X5 TH 505
TR ch kb 2 HEBAIL 204 X b (8 ~9 H) BIIBLEIRD 5%,

1 s4hd (Textfigs. 7, 8)

LB S 7Bl (Textfig. 7A) BA&EBAT, WEHREIT IV ERLES. &
Eiz 097 mm (AEKORBRYE FR). EFRAEEARCRCEIREET S, AELYE
3L RY, A3 OMELET S, BRI nEngETS (Textfig. 7B). FHlc
BEEoKE 1%, Hgohiic 18, EPSEET 14, 5 H0RBaEIEALN
2. S ONEIAD 3 EIREIRT, 850 2 EXgkERcs{tT5. Stenonema inter-

20

N—11

* B, vulgata 1 20°~25°C cHifl: 10 —11 B (Heymons, 1896), B. posticaius
BEE-c11H, W%rked-cix 28H (Murphy 22) Th 3.
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vac . 30

Textfig. 8. Cross section through the
abdomen of 1st instar nymph.
dv, dorsal vessel, m, muscle; mg,
mid-gut ; mt, Malphighian
tubules; tr, trachea; vnc,
ventral nerve cord.

punctatum Say (Heptageniidae) D51 4%k
e b4 < Rk 0 BIA 28 BB h, IR T
T54 0% 10 ommatidium XY E B
(Needham £, *35)r ZhiL 5. ﬁﬁgﬁm 58k
DY, FE 2 ERMic Be L TR L, B3,
BAEIER, B5HRRIEV. E2HORE
sRSMAL 25 3 EOREMANC 1R, B4 ik
W 3K, 55 5 ERSEMEC 2 RORIEL AT
aby 5. BRI ERO3E L VLY, BiFEiL
FMIBILYVKRTHD, WTFRLEN LV

: Z/INTHSH. IRORIIZ L A EFEA, 8,
2o, PRI DBRERC I3 1 A, A ORERCI 2
Textfig. 7. A, 1st instar nymph. KoORIELET. M 1 ARDICR. 3 10
B e abdomen of 2nd 50 5 ) BIERC S L B\ R
aby, 1st abdominal segment; ab, BREVVTRIEZI X OMAKAT, FE2—6 KO
10th abdominal segment; # 10 [EEIIS A OBEAIE 1 ORISR

ag, abdominal gill,

T8 10 EERIER O i M E Xz

LS, R 3ARDREYETS. BIH 4TI Y, KEINELIEL, MlinzsE,
B LAARRCIEERORENRSLS. H2H, H38 (hROBYKRX) 134 2 ADREE
%, RmEiAEFERRCEC 2 KORIBEL A T5. & stage ol gill ii4 BEbh
v, BHEBEZROFERINNE TR ENS. WHEHETS 2 A0ETEIEECTDbh
%. Textfig. 8 13 1 SHhOEHOBENE ChH 5. dIEOTHAN 150§ Malpighian
tubules A b, E. vulgata OESHHHNT S Heymons (1896 a) DEZI L FRET
% %. Malpighian tubules {355 8 [EENC 4T % - BIBEEE X v FL, FEOHE

BERIHICE S .
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®2454H

WEEIL 1 SSEUC B RO B TR S, B 6 B, Bk SEcth e 1 EiR R
7. 7 stage WRT BB DR ECEIMIEHOE 3 -7 (hEIcE 1KTo0 gill &4
FHETHL® % gill (TR, SEEHOMECET S (Textfig. 7C). {FRX 1.05mm
(BERORERE). 1 SYHR oW S. inter punctatum X573, 2 &L ORI
B8RS,

£ 143

MLk sEEe L5 E.strigata OREFRECH TR~ FhRelid invagin-
ated type ‘Th D, BdEESH (Calopteryx virgo, Brandt 1869 1z X %, Epiophlebia
superstes, Anex parthenope julius H—RFE) 503, AEECILEE D TR
FEIE X ) — RN 2T 5. AE TR A BRC BRI D 2%,
85 H T B bR, AREOFRIBFEILE b BRI ERICHE 5 X 5 ThH HAS, IO
BB CEE TS Y, BECHEL BB TR L RS,

Bl B % B
(x EHEER D L3RRI D)

_ Brandt, A., 1869 : Beitriige zur Entwicklungsgeschichte der Libelluliden und He-
mipteren. Mém. 1’Acad. Imp. d. Sci. d. St. Pétersburg, 7e sér., Tome 13,
1-33.

* Burmeister, H. C. C., 1838: Beitrag zur Entwicklungsgeschichte der Ephemeren.

D’Alton u, Burm. Zeitung Zool. 1, 109-112 (cited after Murphy).

Heymons, R, 1896a: Grundziige der Entwicklung und des Kérperbaues von
Odonaten und Ephemeriden. Anhang. z. d. Abhandl. d. Kgl. Akad. d. Wiss,,
Berlin, 1-66. '

* Heymons, R., 1896b: Ueber die Lebensweise und Entwicklung von Ephemera
vulgata L. Sitzungsb. Gesell. Naturf. Freunde, Berlin, 81-96 (cited after
Johannsen and Butt).

Johannsen, O. A. and F. H. Butt, 1941: Embryology of Insects and Myriapods.
McGraw-Hill, New York, xi, 462 pp.

* Joly, N., 1875: Etudes sur Pembryogénie des ephémeres, notamment chez la
Palingenia virgo. Mém. Ac. Joulouse Comp. Rend, 82: 1030-1034, and Ann.
Mag. Nat. Hist. London (4), 17, 481-484 (cited after Murphy).

Murphy, H. E., 1922 : Notes on the biology of some of our North American
species of may-flies. Bull. Lloyd Library, Entomol. Ser. No. 2, 3-39.

Needham, J. G., J. R. Traver and Y. Hsu, 1935: The Biology of May Flies,
Comstock, Ithaca, N. Y. xvi, 759 pp.

% S. interpunctatum T 5,6 HHIC 1 MFT 0L UHERTD 5.
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Résumé

In this brief paper, outline of the embryonic development of Ephemera
strigata Eaton (Ephemeridae, Ephemeroptera), as studied by external observation
supplemented with that of sections, is described. : :

A single egg is ovoid in shape and measures 0.25 mm, X 0.15mm. The eges
were kept at 17°-19°C. in our laboratory and hatching occurred 8-9 days after
oviposition. The type of embryonic development of E, strigata is an invaginated
one and much resembles that of Odonata. But the abdomen of the former is much
longer than that of the latter, so that, in the later stages, the embryo of E. strigata
shows complicated external features.

The blastoderm completion occurs about 20 hours, the ventral plate differenti-
ation at the posterior pole of the egg about 23 hours, and invagination of the
ventral plate into the yolk about 28 hours after ovipostion.

In the stages of anatrepsis, 7. e. about 28-90 hours after oviposition, the
segmentation of the germ-band is completed, rudiments of the appendages of the
head, the thorax and the abdomen are formed. The inner layer, stomodaeum,
proctodaeum and cuticular envelop appear also in this stage. About 91 hours after
oviposition, katatrepsis occurs and revolution of the embryo results in its reorient-
ation in the egg with its head directed anteriorly. Dorsal closure is completed
about 125 hours after oviposition, as a result of which the second dorsal organ
becomes differentiated,

About 156 hours after oviposition, the embryo almost attains its final stage
and begins to move in the egg.

The rudiments of compound eyes, ocelli, and tracheal trunks are clearly seen
in this stage., The embryo hatches out about 204-216 hours after ovipostion.

The newly hatched nymph measures 0.97 mm. in length, excluding antennae
and tails. In the second instar nymph (280 hours after ovipostion), the most
important change has taken place in the abdomen, i. e. paired gills begin to appear
on segments JII-VTI.

Explanation of Plates
Plate 24

Fig. 1. An egg, immediately after oviposition.

Figs. 2-4. Cleavage.

Fig. 5. Blastoderm formation.

Fig. 6. Differentiation of the ventral plate.

Fig. 7. Beginning of the invagination of the ventral plate.

Figs. 8-9. Anatrepsis, segmentation of the germ-band and formation of the
appendages.

Plate 25

Fig. 10, Anatrepsis, shortly before katatrepsis.

Figs. 11-13, Katatrepsis.

Figs. 14-16. Post-revolution, provisional dorsal closure (Fig. 15, ventral view).
Fig. 17. Post-revolution, definitive dorsal closure.

Figs. 18-19. Full grown embryo (Fig. 19, dorsal view).
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Abbreviations

“a, amnion A g mxi, Ist maxilla
as, amnion and serosa . © mxs, 2nd maxilla
at, antenna . ©  oc,; ocellus
bc, blastoderm:éell - ‘ pd, proctodaesum
ca, caudal appendage S s, serosa ’

" cc, cleavage cell so, secondary dorsal organ
“ce, rudiment of compound eye _ t, tail

cl, cephalic lobe tr, trachea

1;-13, legs . vp, ventral plate

1b, labrum . y, yolk

md, mandible ‘ . ye, yolk cell

R FITVAALYOINOER

" OA E  —
, = s 7 FB A&t Parastrachia jdponensis Scott W BE3 % BRI SRR LR HERN
927 45 (1952) M KBS B SR DL Ty ot Bl BEC X W ABXKTERILT
%ﬁ@ﬁﬂﬂ%ﬁéﬂtﬁ#%%iotamzii-%@%@Mﬂ@#ﬁﬁ%ﬁm;b@
Bt IR o e W5 EERE b e ok, BEF 28 SEEE SR RE—E DRES
INEERNTEE L BBREAOBRENFET bR Tk, ZRENEGROF#E 2ol &
MWT & Tepvote. SR HBIHHPES S0 RO AEOB R OFTEEE ) b, EINNHLE
PR b = LAHERSND L 51T e o DRMEED - 2 Ths. LaLERC T
DH 2 Ay OKER (EER—SFICHEbITWR) HNERL ToBOFAENMRTE S
PENEEL LWREC 7e0 T e, AYE 6 AN ABKD DEMICBE T 21581 2T
B BIE 7 Bo/NMER O % SR PR L fons, AR 6 A 8 — 9 HEEENNT B ik
B DEBDI.

PIEEVEIFT S # & vEOLOD L 5 IIFEL 2 TCwin & IR E DR
Th%., DBLAFTHAAYINYF A A4y DINGECE LR ELD. R=27F7 b7 A
A VIR BT CH A L VRSO L RILBIIND Y, AEOIMEE b OO
DFERIABEODE LD MBRYSET S —dOBER@E LIS 5. THEORIITHIORE
L@ F 5 B TERR LR 5 EH 2D LIIANHE L D THET S,

b,fj-jﬁ:,,u\:/}; Pachygrontha 2 BoRHE
TEoOARK E -

REC—FE@e 7+ 7 h A sy 0258 P. antennala k. P. similis & DR
BEDLRCHEET S - L e BRI O TR\ . b antennata OIFIEDHIKIT
Pt = 2w sy OREICH - R E SSHADN, A X € = fl D RAFHEH ORI $ B
2ol o Aot WL T similis OFERARICIE O TR A Carex
spp. DRI DD L 5 Thb.
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