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Embryonic Development of Fireflies, Luciole cruciata,
L. lateralis and Holaria parvula

Hisao KoBAYASHI
Oka Junior High School, Shiojiri, Nagano 399-07, Japan
Synopsis

The early embryonic developments of three species of fireflies (Lampyridae), Luciola
cruciata, L. lateralis and Holalia parvwia are deseribed,

Since the egg of L. crucinla completes the second maturation division before being
deposited, the egg just after laid bag 3 polar bodies. The developmental stage at the phase
of deposition in L. eruciala is more progressed than in the other insects in which generally
lay eggs at the mesophase of the first maturation division.

In all fireflies studied, the germ rudiment formed from the blastoderm assumes global,
and immerses into the yolk, to undergo the further development, situated deeply in the
yolk, as observed in American fireflies Photuris pennsylvanica and Photinus consanguinens
(WiLLIAMS, 1916). The developmental process of firefly embryo is unique and distinctive
within the Coleoptera, in which, generally, the long germ rudiment formed superficially
undergoes the further development throughout at the surface of the egg (superficial type
embryo).

It is generally accepted that the family Lampyridae is the most primitive group within
the superfamily Cantharoidea and, on the other hand the family Cantharidae is the most
progressed one (CRAWSON, 1960). However, the germ rudiment formation and balstokinesis
in the Lampyridae are rather specialized, whereas those in the Cantharidae assume
representative within coleoptera(superficial type) (Funwara and KoBayasHl, 1987). It
should be.left pending to reconstruct the phylogeny within Cantharoidea from the
embryological standpoint until the knowledges of the other families accumulated.
However, it may be notable that the Lampyridae and Cantharidae should have quite
different types of the germ rudiment formation and blastokinesis each other,
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2\ I VB Chrysomelidae V' 2 4 38 Curculionidae » ¥ F v ¥ § 2 7 B Meloidae « A ¥}
Hydrophilidae % > = t1 7§ Dytiscidae s 7 3 A3 %< ¥} Tenebrionidae # & o HH 2 #rp
LTw3, —7, &% vORFEFEEIZ DWW TE WiLLIaMs (1916) , Hess (1922), BUGNION
(1922), AnDO & KoBAvasHI (1975), KoBAYASHI & ANDO (1985) & &' OHfsEsd 2 23,
FRHESOE LD THDL, TR, ¥ VRV Luciola cruciala DIEFFRA 2 2B
BEln, ThrfiDsy VORETRE L ORFELEMRL TEl, LkL, JZTETY
SR NDIETREOHB 2ibsic L £, BEMROFHZROBRITEREL 2V,

s X UFEk

BNEEEROBAT, ¥ v RPN Lucicla cruciala DIRB % B L, ENTHE, EIN
BELIE, Tra—n - Ty PWTEELR. ~1 7RI N Luciola laleralis v, REFITIN
BT, t ARYN Hotaria pavonla SRBHTENEE T, ThPhlBE2EEL, Y ¥RIn
Flkk, ENCHE, BEIRSEL00%FEE LER LI,

BELIE T um QRS OEHIR L, FTI7 4N Renw b3V ) RUPLA v 2T
THPEEERTOMREL 2.

#HoER R

(1) SpoE

EINEEO Y YR F 0 QI WA TIRE chorion (X8LS A8, OB L & b
TR BL & 5, IMIERTE T (B1F 0.5~0.6 mm) Rij + BefEOBMEOIIBEEETH 5.0

1 (O IRFY micropyle #%, FEQOBRIHRILEROPRIZFET 5 (Fig. 1), M8
VBB E AL IR exochorion TELEN, WITRO T RS T W IIEEE vitelline menbrane %4
Hh, REEHE2TWVS,

AR, REFIEE periplasm P L MR R S5 RPN TER L - 908 yolk 1XTERR
2.5~5.0 ym DINFERI S D, 7 O % FRMME cytplasmic reticulum 238 Ty 5 th gk
R centrolecilhal egg Td#H 2, ~4 FBFLRPEARIAOHL, K23 oEanE
aNEY, FrYEy LIl LFERLESERTRT,

(2) DPORE L 2R

YRS NDETE, ETEEOMNMIE, 5 1EBsAMBESRER T s kw, BRIn,
WE, BINAGRPATET 3N, Mo TH2RBARBR 22, RIVOBEER, 20
WIESEETE Y, —F, MBI 205, PEEOR  OMEPEEL Twv» 5,

BB & D R U TR, B (1249 10 gm) T, JETF?EHLJE%%EHT B> &R
BT A, EkRInECED eh, SERETE,

BT SRS, SIS BHL L RO R A BB T A Z LT a2, WiEOE
BEA 10 pm LH96 pm T, THEE ST 200, HORERHTEOBEHE L,

BT I~ I T2 M T Lbits, SIOBES L CFROBRIZ, ~1 7 E5N, & AR
FRBLTL, ¥ry¥RI L LERRABTHZ,

(3} Hng

FryRyVOE 1INE Lst cleavage BB, 4~5KMICHEL2, cofidfo 28D

FIEFRUCTHD, 3| &FOTH 2 FIIEEL, ETHRY 10 SETHE 704 7th ¢ (128
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W) REETAIENTER,

3 LT, 53EH cleavage nucleus DAL, ZOE» S, SFERORRAOBEHA
3 (Fig. 2)o ~A 7 RFVOIOEER, ¥ IRy BRERTHLH, tAHRILD

Bk, FHEBOMRAOBIHNPRRENLITHE, NEZORBRVE~OEAE,
PRIV EAA T RY LT, BOOTH 8the (25615HA) LA, 374 b b IS 10~14 B
2 b LTS 3,

PEPRBERECEAT 38, 7, BRAROMRESEZBREZE L >, HFnT
BHAPRBRBEOPAL, PEBOERBRIZE~DEAR, EAOR IR LEh 2 0
HEPBES N, 2NRTYH—Tidkwy, 2, £O08BENIRCBHT20TH{, NEAN
W D — RN primary yolk nucleus 127 % & ORSER® iz,

{4) IREETERZRK & RRERTRR

BGRD & & b FEBORBREE~OHEAL, —Fiffabhs0TREL, ¥, —HD
PR HEA T B, KBRBEAA - LERTHEIZAAL, BRROMREREL b, i
BANZZINT 2 L 5wk b0, REFEBEONMEMMMSEECL: S, CORKEEARS
MEBWT, BBEETH-o2,

COEIZBERERPE CSHABNEAL, SRETEI LY, RESHEIEE—BCSE
T5EIER3, OB, —DOER_ESFBEL T, 4EP2EL 5, 2 5 L THERE preblasto-
derm DTERE & 1, B1& 55 & {2 O OMICHIFIE cell membrane OBEAEE 5, - OBE
BEORHERBEPERD L D £ UL RS, EkE L VA& 20HBEL, h
TROKES THS L, BRI LT T 2, WRENRTERRHMO 2BTLRETH 22,
WOAENZIERORE, S IRINTREL, ~A 7RIV B AR NTEDR Y,
Ihi, S YRy Ao, RBEPEER R, ECINEACAY, FiEshaf
JROBEMEBRET AhE6THL, ~ArRINEEARININCIE, REERE -IIEOBER
SRETHIRERAEAC S b iz, IFEROED AAIZDE 0,

ZHLT, RggEmiEemRed 5k sk, MR O — o SR e 8
BERGN, *OHSEREE CR¥EL & v B8 germinal disk (B2 170 xm, B 34950
um) HEMET B,

MEERE Y » YRS VIR, BETEHH 2L BMT, 22~23 FEIC k3 LRSI, BBORK
B3 germ rudiment ~ : HEEZE 2 3,

EET 40 24 Wi 4 5 L REIEREEO P LE b BN 4 0, 5l S 68 minaghz L n, B

Fig. 1-1. Formation of germ rudiment of Luciolt cruciala
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HE BB OB E & b K E 2 RT A8, B T 30 R sk & ORI E AL - THIES
hd, TOMMOINENEIE BB THo T, AT, IWREEOIIE L OEERNYN, K
iR, SlER, INEMIcATS (Fig. 1-1), SR L20ERIEH 225, RERRE
FHIEA M 2 I b g E N,

(5) IEHRZRE

BMEEMNNEORBIE, 5B LS L5 L &, 2O RLEIICERZEY 12 um ORRICH
W 2 RS amniotic cavity B3, F VRS L OIIT I ORBEBHIRLRD 5 O,
BET I 30 R L Th s Th B, IR - - IDEIER, T4 extra-embryonic area
7, 393, YN serosa WHET B,

OO A RS VORERE, ¥rIEIaead rRy Lzt il AE <, B
Wil D BRBEIEEHTH S,

PERHE 1 B 12 WO T, IR EEON 3 40 LT U (EEN 110 pm),
TS V3 fa 8 D TELEER 20 pem 4275 B, BEFIOERM & & b 2 e 2 chliz WA R, 153K, Bk
k2 EAORIR, BHZoMEMLEILS,

BERRGRH 1 H 18 BEOINTH, MEhORREOME & FREOK & 12, FL A YEL
W, FERERERE SERE (EEN 40 pm),

z OF, I8 yolk cleavage 23T 0, BRERLIEBRTE OIRE 7 o v 7 (EEH 10~560 gm,
#7140 gm D OB —WEY) B SN, PES Ty 7 3HOETHER, P 1EOIEEE
ATV,

ET®N2AHMONTE, #HEEEM63mX50 m E KES 2L, ERERE
germ rudiment wall O 2 1349 25~32 pm L 20, ML S SCEMLENICZ 5,

BETH2 B 122 b, BREO—HRIEELE D, 43 TH—ThH > RRERD
BEaE—TH kb, #RCE bHVERELOPALAELES (Fig 3.

IR, BANH Lo 200, MREEEL, FBamnion & &2 25 ELIED 5, 2O
L EOREHEN, BEG 40 pm EEH 120 pm TH B, O & & O OIRESRIH 70 gm,
ERIRIIN 25 pm TH D, JO &S EHREERARE, ~A FRFALLEARILIZENT
LEHTH - I,

{6) wEREZRE (PJETZRR)

PRETHS 2 A 22 BMRRT 2 L, ¥ YR 2L 0OEH w2 REHEE protocephalon & 5 il
protocorm @ FHbasiEde, RIFHE X RIS TELIL <, ZOFME CRIEPWLFF 41
YRS D, MEHFOIEFER G- TR primitive groove IR T 3,

IR FIRS O %A » 5§77~ LT L, BRSO 8 middle plate 23 & F{EIEE O
FAZMLHEANT, AEBERENS,

ETEN 2 B 22 H0RT Tk, RIESOP SRR AR, oS0 E
iy, BR300 B A A m TET 3, COLI LT, FEBEER S RIRESET»T
T, MERRLETT 28, BRT v REA—CETT 20 TEE<, e s hBRORE
AHED R & 1l (Fig. 4, 9o

BB AT 3 L AT 2, ZOH, BTRFERELL, —BoMll ks
kNG,

BTN 4 B 2HERT 2L, 777 TROME X, CFHONEBELET2 L3512k
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D, AR THIET 2 &, 420 pm OF S IEL, SHRYTE O FEEO BRI ILH 50 4m,
TR D A9 25 pm « B NERY 15 pm 1242 D, R EI O SITEE ectoderm DHRAN, R
EREANIT primordial germ cell ¥ Ebh 2HIROEAHBR SN2, ETENS A2HEAT S &,
ABcaERE LS (Fig 6),

(7) hEiER S W3 EHOKT

HPATIE (RRE) oddffitbid, 815 & DETAWIGETT 5, BFOMEEEIC#ES, RIEE
RS oEAHI L, BFaeficfiRhs, 2ROMASEFOFACASQIHL,
HEFEEORERHRLST 5, FREEBOML D BNT, SEEOGBEHEEIRRO D
BiALDIAED, 7, TEMEHT gnathal segment 2T 5 (Fig. 7)o ZHIEETHI6H
PRALLEORFORETH B, Bh, BMTFORIEOHERE, FIAIRE premandibular
segment * AIRH mandibular s. « ANERH maxillary s, « T/EHT labial 5.0 4 #EHFE S h,
ST L EARR L i 2, & DD & HERO SR K BID MR neuroblast #35HG L, &
AW TR BETE L, PRIEST ganglion OFEEA LT, % LT, EHEOERRICHRVLETS
& IER~ & iR neural  groove AR T TW L, REEOHIFHIC— 0 LERE rudi-
mental labrum ¥, i — oA EE rantenna 3EL 5, T 4 ) & RS

b, Fheh—uOft BRI . appendage RS N5, &, ZOWICE, RRERRD
FIBR2 A KERAETL T b,

ETHK 7 BOETFCR, Bl B0 248iakid, &l & TiEa, JTFIHE proctodaeum
DR Bohg, MG T M- 0 5L nfan, BFe L ToBENED S,
(8) HHREIMIEZE S N AEHDIET

CIHE B ITPARE S & b iz, BFOARES» 5L CLBATH S, DRERED HEREDR
M sHALT, BERE2S, —7, IIMKEERE?»SBAL TEERT, ORETA,
NLPek@IZRIA ~ ) TR T 5,

ETHH 8 iz R FOFRENSTFIZHS, FHEE somite W coelomic cavity #3BE S
, SMEZEM: - REEM M, WEREN»L DI TE 5 (Fig 8),

BTHYIREE S L, SEMOMREHSIERICR Y, RN 2 o4 &, B
HER ventral nervecord MR s h, FFEREIGAS LMRESTERI NS, F, ZOH
T DR 1, {UM plewropodium RBRETE A X3k 3 (Fig 9).

RN AL OB & e s A R Y LT a R, BT H 10 BEL Y, thoftEk
I ERTE S Lol s (Fig 10), < ORI ZIEFOKEE body wall &7 D FEE
L, &% trachea » =/ ' ¥ —% malpighian tubu % ¥ oOfll, HHOM gland DR b P
b,

BEDHEREDBBEB>TELOLOMNRLIDAT—V 1~ TH 5,

(9) FUMIHTERE & W5 EOKEF

BHROKEFORICE, B 1H—NOMHMER SRS bOMXH 5, JNIXEERE LH
OB LRSS £ 20N, REOLRERNEr sOBRERTLOEELSATY
3, XA AMIBWT, MHBERINLON, R0 LS CETERKNIBDRFT, b
ARINEANA TR NTE, ¥y yayLAEOBEOMMESTERENS,

F Ry NIRFOBEEE, § fore-gut « IS mid-gut - 28 hind-gut X D&Y, G
g, #h?hOk stomodaeum & JTFIM proctodacum L, AIEENRE TH 2,
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Table 1. Time table of embryonic development of Luciola Cruciaia

AF— | EoREER & o HE WEr-BFoRERE
1 0~ 305 FIMBAEE L UELRAARET
2 3~ 4 KFf BHET
3 4~86 # H1~25E
4 T~9 B 553~ 5 5
5 9~10 » 6~ 750
6 10 SrEMEHE RIS E ~ s
7 10~ 1 4R R ORBRIGEN~OBARL (5 8 iyl
8 15~18 » IR T
9 21~24 A BT & R ERE T
10 30 BE R BE ICRCEA RS NI s ARG, SEEE O R A
il 1 F 18RS EREOMHE, MEFFELTT oy 2 BBET 5.
12 2 E 22K [RIEHE L BRSO 2L, R#RR
13 3~5Hd NEBERE (TR fEEOfEIL
14 6§ H FEUEE DR
15 T MR SEioms, HkEorR, HERAROHE
16 g C10E « ALPRROERA, SO RE
17 9 R ET O, BRI
18 0w < L ¥ —EOFIK
19 1 » lg bR OB - TRk X RO R
20 12 # MK & S, $PEHIOBRESET
21 13~14H SUEMAA OIS, MIFRL - BRI 2HE
22 15 E tH | R0 R
2 16 ~17 © %ﬁffﬁﬁﬁ&ﬁ, & gkl K N - TEREHEEIEE A%
LENWE L DB,
24 18 B & U e b Y, ELEih
25 19 ~ 22 H HLE 88 e EF—Eh Y RREORENRHIT T,
2% 23 2 t§ PRSI B O S R, (RSt b L, W BIE B
PBELN, BFEERELT S,
27 24y BEFH 1ERE LT OBEE R
28 25 N URER %R - T 14l

ORI RR T &, MR £38 oesophagus+ RIS proventriculus5&FA# cardiac valve
PMET S0 NIFIROBRMEEBII DRI~ bBR 2 2, ZOBOEFICR, BBOER
BReN2 k3w s (Fig 11),

ISR L T, BEAREATHLH, TOHOEFETR, T CrPBE midgut wall
DIREOTINZ A D, ThIBORRIHEITL 225 5,

ETHN 12 QOB Tk, fIBL K& SFEL, B3#25 pme i8I 51 um 4 2, BI&H
OMEER L, #ES commissure & #HHE comective MRS hu, BEIHE AR T 2,

TR IS, PIBEREGOESY LRI EHL, SLOMER LD I LSk
D, OHRERTMSEE S, BB+ 25 3k 2 (Fig12), 2/, SEORALEZECEx2 L
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A D,

SUERA R, PO o Ao Nz —3" 2B & h, I EIRE (tento-
rium OPFANRRE LD L5125 5, WL IBRELRETH 2., 204, ZOEOERIZE,
MERFAKE blood cell S RRIASEM fat tissue DSMEHRR S, [1SHEEBIEROEST, hoi
BEOBANERTH 5, ERECHAABTES b, BFOBESE-> T <, A - MR -
BRlGiE# A ¥ RN SR E Ch 2, COMIZITMIMA K ERE rectum, FRAESEL D w4t
F-EBEL B,

QXU TRENES, ETHEN 15 AR o 2T, IRMEEEDLY, 45
Bl L, ERomERENT 5 (Fig. 13), BFRNEE3BNIA 4, BFREOE
Wiz s,

0 MrRIsED KT

VEFREEHHE - A5, —RAORELE wbhTwa, ¥ YRV TRENTERT
O, ETHLE»S 16 HRALLET TH5, KiEOFHIEERICA{FEshs,
AR 22 5 L4 & THEM % K o TRRICE > TuBFs, BHl~EEh, UEBierz
D, ThETLRNOBHL LB L5 h? (Fig 1),

BFOLE « A« RIE -« NE - TRERERESEHEERICSNL, FRoMHOBEITER
&, ML FET 2, KOO MEEPIBNCIAR SR 2, eiREEE Y IBEO o B
WWIBmEARRE SN2 2052, TNEED THAERKTHL2OT, BRED THE LV,
1) FHERSHRFOIET & Bk

REEDH - 2B TE, FOWMUOEEOHIEIE L, 2085 %7 2 hE3EHBHIMHRD
REICH > THEL T, REMOEEFOHERMELRET 2 (Fig. 15), #HHEASE AR &
Mg o4& U, AEHMTRT T3,

BN T 75 &, RTFOEIRE L FRRIZEEEE S h, BT 1 SO BRBIZE
{ieh, ETHHNISHEALLEFOMMIE, SbEEbNBLEHBRD S,

FET1% 19 H~22 AOIF T, HLE - SE « < 0¥ % - ThRFA - BIRE - ERiL L
OBRENERL, HEDRE - R, 7 ERMNsh, BPR 1R eELAY
FIUHEICZ Y (Fig 16), iRtz 5,

% =

(1} BERSTHORR

ERARE D v R VOIITIR, FREBIZE 3 HoBKERRTE 5204 T, ML
TTRIFEFERB L DINT, WarheftRah, kb ol cs 5,

T OBHEE, AEOISE 2 ERAURTERICET IS LTkt 5, BRI —
B1RMSE P CET RO, REQHN L DREOHEALZRETETEINL L
R R,

(2) #HIE2 5 2 S BROEM

PRI NLOINOMES 7 5 serosal cuticle BREIE, IEREHSIRFPIZEEA, BRIEL
BolZAClhgsd, —BERBANTMINTWAEEEY F 2 SBRICTRIATHS, T
SERET IO L RRAERMICEE Y 727 SOBERM R Twa0E, YUT75avHE
Panorpidae @ A 4 &3 ) F 4 € ¥ & Fanorpodes paradoxa (SUzUK1, 1982) # W TH 5,
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(3) FBRIEH

SO 7 > O % 5 VIIORBETFEIL, I & hESOMEYBEI D, 1,
g b0 LIF LIERROBOXBRPEOREN RS 2 L TH b, JORIEE, JH
DT E & L ITEET 43, ZOBRZOVWTETRTH S,

4) & R #

SR E RO ORI, 0¥ LBl ah, 2 CHRET 3RMM superficial type 25K
“H LA, HERER Y N Photuris pennsylvanica, Photinus consanguinews (WILLIAMS, 1916)
LEEEABE L SHEO R Y AT, REOERESTEE LD E, HOTHANTDH S,

2 g% % 4 B Cantharoidea ®FCh ¥ VR RN S v—7rFEzoh, Yavhd
4 Canthridae ERBEAF Y v—Frvbi s (CRAWSON, 1960),

2 gk 4Ky Athemus sutwrellns OIFEHE, WHE R~ B o h 5 I 2 Rpl
WThs (Funwara & Komavaswy, 1987), EREED S A 7mbThid, Yava{ Kl
AT, KIAEIHEOTRLLLbOLELS, BEDEIS, Yavi{4 LR
DB O EARROEF 2010, 7y M RN 2 RIEIRE RS RE &2 KBt T 2 b O,
B TER VS, BRESMCBTARI N, Vavd{AROEREERZ LV,

(5) FCFUEAZHE

LEROBRED ¥ 4 OIS, BFE embryonic membrane 2R OIEE £ BT b,
Hit, &2 VBICREE S, JIROMEED SN CHBRENY U, HEORRE
BcH, 3k, B AR ESNREL TS, ML, Yavh BT, FHif
& F ammio-serosal fold ASIRBELO Bz & T EE LR T2 BRI TR S h 5 8t
B bDThd, wF AVRTEHEIW R EFEEEIL, KEEEY L (WILLIAMS,
1918) B d= ¥ 29 €Y H Endoclita signifer (™, 1979), 22334 Neowmicrepterys
nipporensis (KoBayasHl & ANpo, 1980) i HEES NS,

AR OO T HE G W s, FRERBEL ToZo il sid KBl
L EMAZEENREREMREOEAABERC L L DVEOELRDT,

& F X M
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me

=Y B,

Fig.1 Micropylar area

Fig.2 Migration of cleavage nuclei to egg surface
Fig.3 Fomation of germband

Fig. 4 Imner layer formation in protocephalon
Fig.5 Immer layer formation in protocorm
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Fig.6 Segmentation of Inner layer

Fig.7 Fomation of somite

Fig.8 Fomation of organ primordia

Fig.9 Differentiation of ventral nervecord
Fig, 10 Fomation of pleuropodium
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A —H{E pm
Fig. 11 Fomation of hind-gut Fig.14 Rotation of embryo

Fig.12 Fomation of alimentarycanal Fig.15 Embryo after dorsal closure
Fig. 13 Degenerating pleuropodium Fig. 16 Full grown embryo
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abbreviations

ac: amniotic cavity abs,.,o: 1st~10th abdominal segment ag: abdominal
ganglion at: antenna ass: 3rd abdominal segment bc: blood cell ble: blasto-
derm cell br: brain cn: cleavage nucleus ch: chorion co: coelomic cavity
gd: germ disk gr: germ rudiment ir: fnmer layer mg: mid-gut mge: mid-gut
epithelium mp: micropyle mt: malpighian tubule pcl: protocephalon pg:
primitive groove plp: pleuropodium ppr: protocorm pro: proctodaeum ptt:
prothoracic tergum rac: rudimental amniotic cavity se: serosa st: stomodasum
thl ,-q : 1st~3rd thoracic leg

tl: thoracic leg ts,: 3rd thoracic segment v yolk
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