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Seasonal changes and population estimate of the adult
firefly, Luciola cruciata (Coleoptera: Lampyridae),
along the Biwako Canal, Kyoto City

Masahide YUMA* and Kenkichi ONO**

Adult population of Genji firefly, Luciola cruciata, was studied by the
method of counting the flashes along the Biwako Canal in Kyoto City in 1983
and 1984. Adults distributed discontinuously along the canal. Although fire-
flies flew toward random direction between trees, they often avoided the bridge.
So few adults should migrate over the bridge. Adults emerged from late May
and were abundant until middle June in 1983, and emerged from early June
and were abundant during 4 days in middle June in 1984. Such seasonal
changes in the population may be influenced by the rainfall. Survival rate of
adults was estimated to be 0.76-0.88 per day by the method of RICHARD and
WALOFF, and hence the mean life span was 4-7 days. No predation on fireflies
was observed, whereas it is probable that the removal of fireflies by human
affects its survival rate. The total number of emergence was estimated to be
about 3400 in 1983 and about 3200 in 1984 based on the number of flashes, its
discovery rate and mean life span. The number of emergence per 10 m along
the canal was 7-51 in 1983 and 23-27 in 1984. We must take notice of the
difference in the discovery rate between observers when using this methods.
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Fig. 1. Map of study area in Kyoto City. (35°01’N, 135°47’E)
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Fig. 2. Distribution of Luciola cruciata along the Biwako Canal. Abundance
of fireflies is represented by the number of flashes per day (a, ¢) and the
number of flashes per day per 10m (b, d).
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7wy 7 OBEROBER ETORMAITE) 2198341z Bl. 16~17 T, 198445z Bl. 4~
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Bl. 16~17 I2H1+ 2 RFHAITED

Bl 17 121983l b K B BE DL h - 1T Th 5 (Fig. 2), & Zimizdaiidifz ~
VI FDORANLIREMIZE Y27 5 5 RKPNEHICEEZEIHLTWEDORT, £zt

AR  FxVT P)Jh, BARBRAFC I Ko Tz, BLITOTFHMNLI L v S <,
BRI AR ERATEE LT, Bl 16 0 Fifilizs =52+ 7 5k 5
ZEEDY, BIL GV, 198341 Bl 16 & 17 0iF 2m 0 ARG L2 S RO ST %
3m@lgz Lz (Table 1), 6 12, ITHOBERFERO DO THY, F7-17, 19H 1AMk
BoLicwkiobnTchsr, 4T Bl 16 s 67% 23, BL 17 fil2s 47% @
M8 £ 245 % HHR T R o Foo IREIN LAMED L QXA EOBBERE > TBE L,

Table 1. Flying behaviours around the bridge between Bl. 16 and 17 in 1983.

From Bl. 16 From Bl. 17
No. of Passing No. of Passing
Cbserved flashes rate flashes rate
Date minutes Apprcached ‘Passed in Bl.16 /hr.* Approached Passed in B1.17 /hr.*
June 12 - 3 g 5 5
2:40-3:05a.m. = # - 5 o - - 62 1%
June 17
2 6 9 2
11:12-11:32p.m. 20 5 - 33 9% 2 0 33 03
June 19
3 2 539
9:28-9:58p.m. 30 8 3 26 23% 11 6 26 46%
Total 18 6(33%) 15 8(53%)

* Number of fireflies passed the bridge per hour/number of flashes in Bl. 16 or 17.

Bl 4~5 (21T 2 RHITH
Bl 4 131984 4Erh R BB OE 51 720 Bl 4 OEEIKED bHFERIZIAT
FIEFEERCY 7 SR8 KDV, ARTHMIZY 7 5OKRANEA TS (Fig. 8), k

¢ 5 10 B Site A Site B

BL.5

Fig. 3. Sketch map of Bl. 4 and 5. Lightly and darkly shaded areas show
the coverage of cherry tree, Prunus yedoensis, and scrub, respectively.
Two lanterns on the Otoyo bridge (O) and a fluorescent lamp in Bl. 4 (©)
were lighted, and a mercury lamp in Bl. 5 (®) was off.
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R TH Do

Table 2 12 ff D FEdc>\T 6 B11, 24F1c 6 [6, FORHAIT A% site A X v 4
L7cbDTHD, RAEEIECHTSL Y, ETEBCHALEURNLD - h LS
TERZGDT, ZOBETRIAFACTREREHYEE L, FOME Y- t@ka 3
NTEZ EFBHExR A,

Bl.4 & 5 o8R0 Site B) ToORMITH % 6 A11, 28~24H1citst L
(Table 8), Bl 5 wwizA&fids\ (Fig. 49 o, Bl 4 25 BL 5 ~[ 5 k%
DR L, BL 5 225 Bl 4 ~Nf 3 R OVTIRIE 5m Ofa@a L b0 i
L,

1A BL A fin SEcEsE LT ER b0 5 b T4% (LEHECHMERY L, Lk
NG ERFTMFEOBIAR Erelik Lico ThSDFEEDL IXKER S A RALT X7
bOTHY, WIES ERERHE L, HELKED XOeRAKE, 5IXETrERL
Too EF LGOS QIGE OBARICEE Licsy, —ii# b2 ->T BL5ABEL
Too =75, [W A DR CRHEHH B8 T1i604 ilic 150 FLll B2 F IR R AR A7,

Table 2. Number of fireflies crossing the center of two trees in Bl. 4.

Number of flying fireflies

Observed

Date minutes Toward upstream Toward downstream
1984 June 11 9:04-9:16p.m. 12 46 (45%) 57 (55%)
10:00-10:15p.m. 15 36 (49%) 37  (51%)
11:00-11:15p.m. 15 25  (48%) 27  (52%)
June 12 0:00-0:15a.m. 15 21 (40%) 31 (60%)
1984 June 24 0:00-0:20a.m. 20 10 (53%) 9  (47%)
1:00-1:31a.m. 31 10 (45%) 12 (55%)
Total 148  (46%) 173 (54%)

Table 3. Flying behaviours around the bridge between Bl. 4 and 5 in 1984.

From Bl. 4 From Bl. 5
Passed Passed

Observed below above below above

Date minutes Approached bridge bridge Turned bridge bridge
June 11 8:30-8:50p.m. 20 S 4] 4 s 0 2
9:30-9:50p.m. 20 27 2 3 22 2k 3
10:30-10:50p.m. 20 18 0 5 13 1 11
11:30-11:50p.m. .20 12 1 1 10 2 3
June 23 11:35-11:55p.m. 20 ) 1 0 > 2
June 24 0:45-1:00a.m. 15 5 2 1 2 0 0
Total 73 6 14 53 6 21

(8%) (19%) (73%)
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Fig. 4. Changes in the proportons of flying and staying fireflies
in Bl 4 and 5, the air temperature and the range of luminous
intensity at Site B in BI. 4.

F¥ RSy Bl 4 ¢ 217G, BL 5 TREEILTH D, BRI IITED S
Mo tc, TEEAEMG DS & 21 E A ok & U CLIBBIER & $hizifid L7z (Fig. 4), Table
2 XY, ETFWARS TRALEEIICAZE R L, BIEOK D Cli e 7
ALT5,

Bl. 5 Tl ENX BRI Bl 4 ~OoBEESERCEL VO T, BALTEEED
FaE Db ONFERRIO 5 bitBHT5EE 2 bR B, Bl 5 OFBREEREE L KED
7w (Fig. 2) oT, 2O X5 N ELGEHT~ABARTELO0EIIELERVWL5TH
o TOXSIFBIEATIHCH LT 200 E b > TWBEEZBIS, 1 DIBT
ORETHY, TR TL—EIE L, RBERXZOH % Lo Tw5, —F, BE
R B0 EA Y 2P, —BE#LCATTH D, REOBEOREE L - T 5, #E
> TR BROBE 2T, 7=y 7HOEEKOLIRITAIRVEEZ BIvs, FISiTHRN
TR SO TEREEANL E D X 5 IEEDIFCE LI TH Y, OIS TRAEMFE
FERMEAR DA & 5 SCHVRHBERFHETH S 5,
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BEEFEEEEERDICM T, T2 AORAELORART) GERE) LT -7,
19834 6 H1THIC I % 2 AOBEEOMGREY Fig. 5 R L, 2 ADBIZERHEIIE
B0, FBEBOREWEIE Lo Fig. 49, Co%5a, NGB, * 7nEE
PBRFHETH - 7o DEFERBRORVEEOEAEEL L, Fig. 5 offficikox
ZINET O i A B D i ~ZE R U TRERT Lo
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FTUEA A F BEHOTFIHTIRIXIIBIETIE 20°C LT, 1984471359 24°C TH b, J(LE
BRI EEECERLTWe WL, MWESENFROL 5 THS, L, FEHOH
K, 1983413 5 528H 0.5mm D&, 19844126 H 8 H 75.5mm OBEFETSH -
Too 1984FEIX 8 HIChE X 10 A I bEFA D D, KBRS IULE T Licorekt L,
198313 PLBALA 2 15 B T EMIXFR A &L, oA LTFoFLL, 6 A12~137
DEWBE > TWIEER—FCFUE Lt 2 bh b, LSBT EEIh 3012,
B (1961) 2R LTWA X5, AEILPBEYHE->THEL, LBERSE
TR 2D, LAV EATHEARZ D EEL RS,

£ % o=

Hiw Bl.1~5, 6~13, 14~19, 20~43 ¥ 7211 20~26 D4 DD T r y, J P L Ic AR
ReE L (Fig. T BY D 04K, FULANIERT LickEx H5h 519834 6 F
I5HDIE, 19844F 6 AI8F LAMIZIEL LT\ % & {5 L C RICHARD and WALOFF 0 J5 i
(G - F¥JF, 1977; SOUTHWOOD, 1978) 1= X b RKdtz, BONILEBRKE hh bEH
Sh 57 (Eizh, 1978) % Table 4 iRk Lic, ARRIIFET EBHI X 2 M=
, FREOABRKRERETCORC XBHMAEY 1 L h£ELE\WThs, Bl.1~5 & Bl
20 XIHTMTREERENEL, BL6~19 TREW, £7 =, 7B LOEBRRIIFHET
RAPTRY, MELIHELOECERN BTV EE L bR b, JZH 1978) 13484
FiE XD, BAMIOFEEIITORY ) OAEFRKITHET 0.76, 1T 0.84 L#fEEL,
T ZTOERIFECERL 7 T X5 ATH 5 (HORI and YUMA, RAEER), Bk
TO&EFERIL, Bl 1~5 & Bl 20 X h FHTREHEIOHBE LY L, Bl 6~19 ¢
RRAEALLAEV, L L, BKTIRZ 2 ELMoBmic X3 HRITEE LT uwiy,
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Table 4. Survival rate and mean life span along the Biwako Canal.

Survival rate (/day) Mean life span (days)
Blocks 1983 1984 1983 1984
Bl. 1 - 5 0.852 0.825 5rs
Bl. 6 - 13 0.761 0.786 4.
Bl. 14 - 19 0.808 0.784 4.1
Bl. 20 - 43 0.851 0.880%* 7.8%

* Bl. 20 - 26 only.

1004 2004 ° ° o °\\° (e)BL.1-5
o 0] tg (a)BL. 1-5 1004 . S8 e tgos
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= T T T T T
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14 300
= T T T ! L ! 2 ® 5 (£)BL. 6 - 13
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2 oReL 5 = SR = 0788
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Fig. 7. Seasonal changes in the number of flashes and the estimates of survival
rate and mean life span in four areas along the Biwako Canal.

CHULBUK TIRFRCEIARI S L ORBRFZ AR Sh, Bz 28k Eoremnks
PN Z ENFREREZELOND, —F, T - BHERO—2 &L LTALNGRENE LD
N5, BEENE S ATREOE G Bl 1~5 Tiiihit o A 412 X 3R E T Tuv 503,
Bl 6~20 TE#HEOLVEIECHRBE IR TR, RMALE D LFEoMNbEL 1D
WCAEBRRME L e > I TTHEMED B B,

4. #BTUEBOHTE

Table 4 %, FHHEFGEIC LA HERIULHTH 5, BPCET, BBRDIOERE)—
ETHHEREL, BHEHOBHOBHAERE THHG TR LTH S, HoBFEHIoOH
E Tl > Tty

I Q978) Iz IAIVEEER L THRE LB 1 i b R LTl o3kl
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R 100 LN F 058, RXBBEOMSMHEGFEREIN /D THHEHRLTVS, 1
RIS R U TR A B 05A (D & B A bR L BHE @A) TIRRERR
MEEDEELLNBEDT, 0200 FUKTHIETS L, HEIINEDOH LS
TH»% (Table 5), #-> THOBERIB W TH L LRELARBOHN2MHELEEXL LR %,
FiKIKEIED S 5m T, Bk Shic + 7 7 UANCIRg £ BRSOt
L, #ERINEIIE 20~30m O HAREATH D, 7o 10m PlEE oL HL T
oo b, FKTORRRER, HRITORRRIVEL, Lo, REBREZ 265
LCHESE LB RUDBREMTH S 5 R BBROBZEOMBORFR, WD
e ORERY LIRS LTRDTH D, 198345 A 04 HOBHELIIFRE 26H) O
MEx¥edl, 61 A0HEREOMELARS LTHS. ShOORFREREAL
THREBERY TRy 7HCLRRD, FOMEET vy 7 FETOVHFHFGTHRLUTIRH
{32 g Ut (Table 6), 198340 Bl 1~43 0 FMEHILH 3400 IE, Lo X¥4% Bl
6~19 1 ferh LT\ e, THE 10m 3% ) o Ex Bl 14~19 THOPELI ETH H, 19764
DIERE)|TOEES0~40/10 [T (i, 1978) 1T %, 19844EDPMLEE L Bl 1~5
<#éfnL, Bl 6~19 T34 L, Bl 1~19 T 20~307E/10m X7t - T\ 5, Bl 1~
190U EN L #3200 T1983ED [AK MDA LA U Th B, 7Ry J RS ER I D24
MOTMLBE OMBERIIRL-> T D, BRBROEBRROEL o Bl 1~5 Ti2E
EOBENEML, EBROEN » BT CRES LT Wb, & DERNIEBHT COMEE
BEEOLHZFRE LTV 5, BEOEE (AAKT S D% & tn) BRI O @k HZE
Bz DHELMB T, BRELE->BRENLETDH B,

Table 5. Number of flashes counted on the bridge and counted while walking.

No. of flashes No. of flashes

counted on bridge counted while walking
Date Block ( Na ) ( Nb ) Nb/Na
1983 June 3 Bl. 4 31 47 1,52
1983 June 3 Bl. 4 41 47 1.15
1983 June 3 Bl. 17 54 101 1:.87
Total . 126 195 1555

Table 6. Estimated number of emergence along the Biwako Canal.

Cumulative number of fireflies Total
Distance of Mean life number of Density
Year Blocks canal (m) Nm(May 25-31) Nj(June-July) Nm+Nj span (days) emergence per 10m
1983 Bl. 1.-%5 460, 413 1611 2024 6.3 321 7.0
Bls Bi=i13 265 854 3573 4427 3.7 1196 32.8
Bl. 14 - 19 245 1020 7216 8236 4.7 1752 50.8
Bl., 20~ 29 610 114 576 590 6.2 111 1.8
Bl. 30 - 43 1065 42 214 256 6.2 41 0.4
1984 Bl. 1 -5 4860 0 6488 5488 5.2 1248 27.1
Bl. 6 - 13 365 0 4559- 4559 4.2 1085 23.7
Bl. 14 - 19 345 0 3355 3355 4.1 818 23.1
Bl. 20 - 26 310 0 565 565 7.8 72 2.3
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