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Effects of Temperature on Reproduction and Development of Firefly,
Luciola lateralis (Coleoptera: Lampyridae)

Ki-Yeol Lee*, Ki-Su Ahn, Hyu-Jung Kang, Seong-Kyu Park and Jong-Gil Kim'

Chungbuk Provincial ARES, Cheongwon, 363-880, Republic of Korea
'Department of Sericulture & Entomology, RDA, Suwon, 441-853, Republic of Korea

ABSTRACT : Effects of temperature on the development and reproduction of the Luciola lateralis
were investigated at various temperatures. The development time of eggs, larvae, and pupae were
shorter at higher temperatures than at lower ones. The insect did not develop at 10°C and 35°C. The
hatchability was 61.5% at 15°C, 73.9% at 20°C, 93.3% at 23°C, 91.8% at 25°C, 74.0% at 27°C, and
46.0% at 30°C, indicating the best hatchability rate at the temperature condition of 23°C. Larval
periods were 341.5+23.2 days at 15°C, 265.5+17.5 days at 20°C, and 250.9+11.7 days at 25°C.
Pupal periods were 94.7+11.5 days at 15°C, 41.749.1 days at 20°C, and 18.5%7.4 days at 25°C.
Emergence rate was 23.3, 89.3 and 80.7%, respectively at the above temperatures. Adult longevity of
female was 18.0 days at 15°C, 20.4 days at 20°C, 10.7 days at 25°C, and 5.8 days at 30°C. Mean
fecundity per female was higher at 20°C compared with at other temperatures. The developmental
zero point temperatures (7) and the total effect temperatures (K) of egg, larva, pupa, and complete
development were 10.6, 14.0, and 13.1°C and 214.8, 1,564.8, and 229.2 degree-days, respectively.
Mean generation time in days (T) was shorter at higher temperature. Net reproductive rate per
generation (R,) was the lowest at the highest temperature as well as at the lowest, and it was 177.19
which was the highest at 23°C. The intrinsic rate of natural increase (r,,) was highest at 27°C as 0.019.
As a result, optimum range of temperature for L. lateralis growth was between 20-25°C.

KEY WORDS : Luciola lateralis, Oviposition, Longevity, Developmental zero point, Intrinsic rate of
natural increase, Total effective temperature

$akezA o] ot Bo|(Luciola lateralis)®] &3 gAlo| nX & d3FE TAMEIG R

W 49 B8] 3E 15-30°C] WM E 257 2454F Zeker, 10°Ce} 35°CollA e
| SR Egkeh 2382 23°C 93.3%, 25°C 91.8% = 23°C, 25°Col|A] R3}bgo] 7}RF =9to

o, 4277k 15°CollA] 341.5+23.29, 20°Cel Al 265.5+17.59, 25°CollA] 250.9+ 11.7 o] gtk
27172 15°CellA] 94.7+11.59, 20°Col|lA] 41.74£9.1<, 25°CollA] 18.5+7.4o}g) 1, o-3}8-o
247}y 233, 89.3, 80.7%0)Ivk. A= 917 4me 15°CellA 18.0Y, 20°Col|A] 20.49, 25°Cel| A
10.74, 30°Coll A 5.8Yelgiet A, E o 22271 20°CollA 7} wotet 7h e
ulgod g e v o] 10.6°C, 93 14.0°C 283 £-& 13.1°Co)gl 1, Sa AL sx 7}7} 214.8,
1,564.8, 2292 2 o]tk Mt} &Z2A18-2(R,) 23°CAA] 177.1924 71AF =okw, WAxd27]
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E2(rm) 27°Cell A 0.0192 713 gkt o Az ofuitiEole] a3} Ao A 2=

20°CellA 25°Cel it}

HAO| : ojutclgo], Abeh, 57, %

3, WAADETHE, FEAAEE

gl Bl = HA e E(Coleoptera) ¥ Bo] 7}
(Lampyridae)ol] 43l 502 'd3iE AMFEe|
A ANTFoze 2 deiA U= 189 L &
A1ghe} w3t whe 87 Wl s 7 AAlR)
27k 343 BolBglon, 93] B el YT
Yepl: A gE3o 29 Al B3} pobAz 3
= A o] Kim and Nam, 1981; Kim, unpublished
observation, 2000).

whslgols Zuje) A9 ojukSlael(Luciola later-
alis), 2SI E-0|(Pyrocoelia rufa), &FAHEGE-]
(Hotaria unmunsana) 5 3Z¢2 H 7% (Okamoto,
1924) ol AF7A 3o} 64 8] 7| HH oI3leh
(The entomological society of Korea & Society of appli-
ed Entomology, 1994).

NuIAB-o|(L. lateralis)y e +elvehe B& & F
= 5 Folrlote] WA FE3a3 30eH(Nagane, 1981).
Kim (2000)-2 ofuigl&o]9] {32 = 5=, A
Il Eolut frdro] kgl wipR FHleA A4
1o, B9 olvt g&7] & ez 3t 43] &9
T %5 R 453t o5l 6¥elr 7ol AF
o2 o}z 3t oH(Kim, unpublished observation,
1999). o] £ kAWl 3} A {35 737}
A 718 AXEA A w7, 1% 5= A4t
o, He7]7]72 109 A=, AFeEL 25 A=
m, 72 300-5007H8] HEA 2 Algkebe, 22t
2 H3lgZze| 1.0-1.5mm, 78 §F2 25-30mm A
©74A] AAEe T ¥ 8k eHNoh ef al., 1990). &2
AL 69 Fwold 79 Aol A%l W, 4
2e wold BYYIFE AR Al 4
£% 0l ¥ o)) 59U oA rHow g9 =
2+g them 2030 A o2 AFe= 3§
tH(Ohba, 1983). 3] TU Zoll &3}, F-E7]0] &
FAZE 3= AARFRAE-|(L cruciata)7} F4%([F
Fifg)olehe AMd(Suzuki, 1997) 522 Q13 ofridd
Eo|7} L curciatas} A - JehH oz {3k Ao
2 AR AAH o By o] F 2 {§5A4
2], o], Abztg, @] 34 Foll A Huljsl xpo] & e}

oln

WtHOhba, 1983, 1988). L. cruciata*> 3 AMAR7} <
FA Qo] opd vlmA F&o] whE IPUX|Ho] iR
Foln, H&71& FHRE 3= F ofuldEole=
Aoz & zlo]E R IvK(Miishi, 1990). of¥Fil &
o|(L. lateralis)7} A} MA 3= A¥Ql AHE= F
S gdAd Y] 342 TYRE 9Y7A] 20
23+5°C, pH7} 7.5-8.59] fdZE Ao, 5+ 80
5%, 73] Holdl &9 =rt 1m’% 16
WA 7 A28 s eHKim and Nam, 1981; Noh
etal., 1990). =38t = Z9l L. lateralis®} L. cruciata®)
WFR ot AAA 29 xlelel| sl F2F wwir}
E71s3PH(Suzuki, 1997), vlEZ=2]o} DNA2] 16S
rRNA g71M " 24 Aol oM = F ofulde
o] L. cruciata7} obyl 42| oA o9} F
A Folehe 7o) FeleeKKim er al., 2000).
Jet sEviEle] AH$ ol Bolrl AFA o=
FEFl = T3} o] 5o fE A=, A F A
o] F ol HF A7 9E3 AA e wEiy
oo gk | AefE 54 F UsHe
o gk AF7} v)Edke] 19993 2E] 2002374A] Ab

ARRE, 223 A st Xastaat s

ME 3wy

19999 &% AAF FHHA A ofubl E-o
(Luciola lateralis)*d %2 69 2043¥ 64 25U7}A
AF st AWEZQ23£2°C)NA FAHASE AE
Aol ARgsldel % AFE2(30 X 20 X 25 cm) W o]
M fEE ARl 831 AXAA AFoz 9314
ZHFig. 1). Petri dish (89.0x 0] 3cm)o] =g
& A4 AAAE 2T 2 Yol FUE ¥ e S
ekl e 43 DS AEo] ARAZANA
(23-25°C, B27) 16L:8D) Ak S-=3bich
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A o 4 S0 ot U

Mk 3 Y

Abete] wA e =98] JiS F3] glshe] 54
209 %E 59 3047HA] -3 efiEl Bo] S &
2xAel 10, 15, 20, 23, 25, 27, 30, 35°Ce] 2x9} A}

4% 70-85%, 16L:8D2] F=x7 3lolA $3lsts)
t}. Petri dish (# 9.0cm X 3.0cm)¥}=el| o328 231

Fs A B T 9 EYE Y3 938k

o] A& 10, 15, 20, 23, 25, 27, 30, 35°C2] &=(4
] BOD ¥-27]; Vision Co.)¢} 16L:8D2] F=7 3}
ojA] 4=313}g ). Petri dish (99.0 X 0] 3cm)<e) &
Fe(lem)E Y 2 glol] AlgHY g exe 3
Fote] i H3H = 530E SRR G T
S22 717 ARRE AXowH RIE sl 1
g1 FEAAEEE AFE3IItH(Pruess, 1983). o] Al
ol FA"E = 42 50, 185, 123, 67, 139, 59,
50, 3070 & FA)Ehed S 5hodc)

75 - BI1RIEA
257F AR Ee] {3 l U)X o3 skel] 5}
AL 10, 15,20, 25, 30°CY] -2=x7(dE] BOD &

2-7]; Vision Co.)2} 16L:8D94 Z7 sl A 88}
93‘13} Petri dish (9.0 X X-0] 3cm)—'~°1] E(lem)E& ¢
3 3 el R R 1oh19 21 Sl &
ARE Ao dolz ATHLAG. $3¢ =27
WS4 Q7|17HE 5] 2udE §teE sl
2AHIE ZAT AR AT BHedE fad
A2 w2 AF&E39oH(Pruess, 1983). =8 871712 4
3 "ol §F& AL22410-5°C)A 371d A=
(12-29) Y5217 353 497) $33A(Fig. 1)
2 570 2 ¥ 45T 438 2old Pevle
A 3N AFeT Fo2 EABIHE &
FE sl Foz =of YA °4—‘?"% Fashod o
L7712 Fo= AE3le EoUL I TR AFo
$3tE o] 2 AR

fu

Axbstdet. o] Aol F

Fig. 1. Rearing cage of firefly (System of larva rearing and
pupation).

N 34 o= 20024 A ss
Ho}. A2 EA L SASE o]45le DMRTRIAP<
0.05)0.2. B8t THSAS Institute, 1991).

A B7tE £

AW 2723 £2°C)oll A AHS3E Al S-S 2143t g
L2719 15, 20, 23, 25, 27°ColA] AEE, 9o A=}
% ‘%! % % g T3t & ofjultl Boje] Fpvy

X, %«l A4 AEE Ix, g4 1ot
}“]_'%‘TE‘ mxzt2 P& o 19T SHAER)
Tlxmx, M 23l HA7) 7KDL ZxImx/R,, W
A A Z7HE(rn)2 (logd/R)TE ARSI YK Price,
1997).

Azt dE ol o|A= 229 AF

Aol WA ezl e TYH) Patel o
Welgele AN FAtgald S5 43S
10, 15, 20, 23, 25, 27, 30, 35°C 8-2-2716] 4] Abzhal7]
7 AFR7\2E, ARG 295 AR S 24V A AL
WA7|e ALelM mEow B4% Fterk 23°C
oA 27°CAelelAl folAde] elsleh A 10°Co}
35°CNME ARESEA] 283 Apdslednh AR17he
30°C2AA 7P Zekorh, 15°CollA 27°CAtelo)
My Aoz} glgieh =8 AT Hee) 15°Cs)
CAlAE A, 20°CalH 27 ALl E B
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Table 1. Pre-oviposition periods, oviposition periods, fecundity
and rate of oviposition of adult L. lateralis at various temperatures

Pre-oviposi- Oviposition Fecundity
Temp.  tion period period (no. egg/ % female
C) (days) (days) female) ov?dg;li:ed
Mean+SD* Mean+SD  Mean+SD P
10 -t - - -
15 148+3.2b° 5.6+1.02b 22.2+11.2a 35
20 57+3.4ab 9.71+3.39 190.3+40.4c 90
23 34409a 7.2+3.35b 187.0£45.5¢ 100
25 33+25a 63+3.79% 174.6x17.0c 87
27 28+05a 7.5x100b 1765x358.1c 80
30 1.7£12a 27+£058a 121.7£15.5b 60
35 - - - -

“mean +standard deviation of 15 replications.

® not oviposited.

“means followed by the same letter are not significantly different (P<
0.05: Duncan’s multiple range test (SAS Institute, 1991]).
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~ 30°C
— = 27°C
< / \ -+ 23°C
z / \
c 25} /
3 /
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o ,
&) b
w /
0l MV

1 2 3 4 5 6 7 8 9 1011 1213141516
Days after emergence

Fig. 2. Daily oviposition of adult L. lateralis under various tem-
perature conditions.

Abtprl 174.60904 1903708 424 glo] Abojr}
Qgich AHE-S 23°C27G A 100% Aleke e 7}
A} =9)cHTable 1).

g ezl 23°CollA] Ho Agke= 977 o
o}3r 3} em(Kim, unpublished observation), Noh ez
al. (1990)2 7WAT AbE7) 300-50070 ks 3heivt.
=3} Kanda (1934)= AlF=7) 52-567 22 W arste]
o mhebd opiElEe] NS AR mebi] e
Alolg Mol om, Alabd e 23°C Az WetEe

ofuitl Bole] o=y AlgbzA-Le Fig. 29} o] 2
w7h woldsg ARMIA) Wster], A2 HEE
I AL 30°Ceoll M= 44, 27°Coll M= 7Y %
Gepkou, 23°Col e 3R Al elel 44
R 8uU7A] Al Bt ol Bol = ww] &
195 33.4%, 245 38.2%, 345 19.8%, 44 o]&
8.6%7} AFEb3ltt 31 819 vHKim, unpublished observa-
tion).

25 ol e
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Table 2. Adult longevity of L. lateralis at various temperatures

Temp. L _fie% o Malewﬁ
Q) Mean+SD* Range Mean + SD* Range
15 18.0+4.9c¢ 11-25 15 64, Obc 10-22
20 20.4+2.3c 18-24 20.2+7.5¢ 9-29
23 10.4+4.2b 4-14 11.2+4.9b 4-18
25 10.7+£3.4b 8-12 13.0x+4.6b 3-19
27 1.5+ 1.7b 9-12 12.34+2.4b 9-14
30 58+1.2a 4-9 6.0+2.4a 4-9

* mean = standard deviation of 15 replications means followed by the same
letter are not significantly different (P<<0.05: Duncan’s multiple range
test (SAS Institute, 1991)).

12345678 910111213141516171819202122

Proportion of survivors/x

Days after emergence

Fig. 3. Daily survivalship of adult L. lateralis under various tem-
perature conditions.

Table 3. Developmental periods (Mean=+ SD) and hatchability of
egg of L. lateralis under various temperatures

Temp. n Egg periods (days) Hatchability
0 Mean+SD Range (%)
10 50 = - -
15 185 43.0+1.79d° 24-50 61.5
20 123 245+371c 19-27 73.9
23 67 17.4+1.50b 14-22 933
25 139 15.6£0.65b 11-18 91.8
27 59 15.6+1.44b 12-18 74.0
30 50 10.6£1.38a 11-14 46.0
35 30 - -

“not hatched.
®means followed by the same letters are not significantly different (P <
0.05: Duncan’s multiple range test (SAS Institute, 1991)).

71 20°Co|M= a-2z2749l 30°Cre 3.5v A= 4
Qont, 23,25, 27°Coll M= 7 Zol7} gt 3
8 AgLx 7S A S B gHTable 2). Noh et al
(1990)& 69 3l ofultlE-ole] $rd-2- of 23wty
ol 2 AR 22 Ags velle 271 A
%] AEd X oJdkE Fig. 37 o] =7} ¥
obxlol wel Apdf7] dF o] wWwEbyA 15, 20, 25,
30°CellA Ztzb 2290, 183, 1793, 9943 o1glt}h
=3 50% AEEE Ve e 982 15°CollM 18,
20°CollA] 154, 25°Coll A 149, 30°Coll A 7 o]t}

1
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Table 4. Developmental period (Mean + SD) of each instar of larvae L. lateralis under various temperature condition

ium (da :
Temp. (°C)  No. of tested Stadium (days) Total periods
1st 2nd 3rd 4th Sth (days)
10 20 -3 — - — — -
15 20 84.5+64 67.0+7.1 55.5+14.7 41.5+17.1 93.1+174 341.5+23.2b
20 20 258+59 273448 41.6+9.6 21.0£5.7 149.8+9.6 265.5+17.5a
25 20 27.0+3.7 4361153 4754219 11.5+69 17.3+7.9 2509+ 11.7a
30 20 - - - - - -

* not developed.

*means followed by the same letters are not significantly different (p < 0.05; Duncans multiple range test (SAS institute, 1991]).

weby 439 F4uEe ALn
A eber, 4282

g zmezdelM %
1—%% A3

_IE s
>
o
bz
L
fo
i
1o
£
o
o
14
N
n&'i
o
St

S® H

o

= ofjulglEolo] Wr)7k3 B3g-2 15°CollA
1.794 o} 31, 30° Cﬂ]/\]% 10.6+1.384=2 2w}
= 7)7ke] FolF A, 30°ColM = 15°CH}h
717kl 4.1ulf A= Fekch TEu) 23, 25, 27°Cel

F7)7kel} zFelZ) Hdek el 10°Csk 35°Col

HEEA] kAL, 23°CeollA R3-E-L 933%=
=9}cH(Table 3).

Kim (2000)2 23°Cel|A] F7]7+2 149, B3}
93.2%e} 1 )9 =4(Kim, unpublished observation),
B 2AR} 217k Qle] @ AbolE B, AlE
o) zle|2 FAEW, o o HE L=
He ez A7

43.

4

BT R - e
e off Ho e o

OZi

G Mgswe LEE 7l kol B4S
T4 Rk WA e JARAE dehdoH(V =

0.0047t—0.0497, R>=0.987), ¢] Aoz Az 3¢
wreodg e wel 9 aHae s 77t 10.6°CS 214.8
dx o)¢gvHTable 6).

& Noh ez al. (1990)& 20-25°Col| A F7] 742 20-
309 A=zl slga, B38S 10-15%23 st B
ZARe} 2 xpo]Z HT)

25 ofutgiEold] FHF7|7HE A A
15°CollA] 341.5+23.29 0], 25°CollA = 250.9+
11742 £57} E&4E §37|7ke] Betow, 25°C
N ME 15°CR} wh87]7ko] 90.6Y Ax ?,}3} a
gt 10°Ce} 30 COH/H“ fZukgo] Fx| o P i
sleict. ¢371 w877k 15°Ce} 20° COML 58 %

Table 5. Developmental period (Mean+ SD), emergence and sex
ratio of pupae of L. lateralis under various temperatures

Temp. (°C) Pupation (days)  Emergence Sex ratio
> Mean+SD (%) (Fhotal)
10 -2 - -
15 94.7x11.5¢ 23.3 0.52
20 41.7+9.1b 89.3 0.51
25 18.5+7.4a 80.7 0.49
30 - - -

“not emerged.
means followed by the same letters are not significantly different (p<0.05;
Duncans multiple range test (SAS institute,1991)).

Table 6. Regression of developmental velocity (y)on temperature
(1), the developmental zero point (T) and the total effective
temperature (K) for development of each stage of L. lateralis

K
Deveigggrgemal Regression eguation & r (ojé) (d;gree
ay)
Ege v=0.0047t—0.0497 (*=0.987) 10.6 2148
Larva v=0.0001t—0.0014 (*=0.881) 14.0 1,564.8
Pupae v=0.0043t—0.0563 (r*=0.951) 13.1  229.2

1% coefficient of correlation.

A ZHzF 93,19, 149.89 = 742} Z19] o1, 25°Col| A]
= 38 3Fo] 47.59=2 7}A ZA<goHTable 4). Kim
(2000)-2 23°C 2714 1007}y e FFALS-A] 133
717k 11.84, 282 13.04, 382 20.14, 482
3094, 588 43d A e ¥dy 319 =d|(Kim, unpu-
blished observation), ¥ FAle} e zlo]l& W v}
NAL AHAET A} AAAFEL T Aol o]

|

At
ey o;‘ng/] ‘:”"3_/;:59,}. _9‘57}_011 ez} %O]_
2es deSErt WX e AARAE vepl e

(V =0.0001t—0.0014, R* =0.881), o] Aoz AAZ
Feel e Ee fFEAAEEE A7 14.0°C
b 1,564, 8‘2—15 o]glci(Table 6). 3 Noh er al.
2 RIFEE fFol = WE Eoirt
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FEFRAGE A2 el B4 E YA H3

3 9iert ofztel 7]F<l %71% AAEEA] 63)
dog @ F FY3oR AR, 43U 43
452 dohx Busigs

exd opuslgele] §7120% $3-88 2A A
3} 15°Coll A 94.7+11.52 0] 31, 25°Col| M= 18.5+7.4
492 &7 &5 47)7be] gebdd, 25°Ce)
AE 15°CRE W77k 518 A= ket 10°C
2} 30°Cell A& £-315A] dkghow, 20°CellA] 9318

2 893%= 7}A Eerow, AlB]E 0.519])¢vHTable
5). Kim (2000)-& 23°C g_ﬂqlxi Z3GgFo] oz
Al Boz =olE WEF o 2099 A4
< AX 43lE &9} 5—7—"1]*1 °F 1047t 4717k
AR F AFo= 38ty 39l 382 663
%z}31 s} vH(Kim, unpublished observation).

49 Sz xzlde
gL eyl e AARAS el ow(V =
0.0043t—0.0563, R =0.951), o] 2lo=z AAtg £
wrgodgewol faxAlew Zhzt 13.1°Ce} 229.2
ol o]¢jtH(Table 6). &3 Noh et al. (1990)- Z=-4
Fo] AE= YT F o 4097 29 Fol Ze
AHA A feo] Ho, 1 F 10d A= AHshd
AEFozr £33ty vl 52 U8t es
dulx”l o 2 15°C e]3}e]m](Braman and Penly, 1992;
Arai, 1996; Kwon et al., 1998; Park, 1996) 2 Zx 4|
9% opgleh

Ut Bo]7} ofz7leM AFoz FH3P= F
A7 69 ARE] TY AeelEg, o] AI7]Y Hi
7] &0] 20°C ol4pe] H7) Wl 2 ey Bed et
UXeh= FAE Bolvh metr] ofubtlE-o] o] A2z}
kg o _9_501] oJ8kg wlo] W= Aoz Hox|u]
4.8 20°Ce| A 25°C 2A ol2ha A 7hs)oi e},

HHZ BAof| ojxl= 229 JF

5ol w2 ojultiEoele] Agw BA A 14
o} 2 8(R,)S 23°CollA 177.1902 714 ZaL, 1
A 93k FFAIHT)S 23°CollA] 312312 &
=7} Hold4E AT WARASIEnE S5
7} Fold 4 321, 20°CellA 27°C Atelo A&
9217} ¢l%icK(Table 7).

ojate] AufA] ofjultl Bole] Abatal W&ol A
g Lol 20°ColA 27°CEH 37} =23 o

=

[+

w7} wob A4F
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Table 7. Comparison of life-table parameters of L. lateralis under
various temperatures in 2001

Net reproductive rate Mean generation Intrinsic rate of

T(?él?' per generation time in day natural increase
(R,) ¢))] (rm)
15 28.28 425.79 0.007b*
20 135.50 338.79 0.015a
23 177.19 312.31 0.016a
25 157.00 299.51 0.017a
27 175.81 271.26 0.019a

*means followed by the same letter are not significantly different (P<
0.05; Duncan’s multiple range test (SAS Institute, 1991)).

S AzddN a8 Azels] B gos
FZAAN M= iRl FAEe BT s}
saelHo} & Aoz Az,
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