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Abstract: In order to provide a basic reference for future population dynamic prediction and integrated
control of greater wax moth Galleria mellonella, its larval instars, survival, developmental duration,
lifespan and fecundity were measured at five different temperatures (27, 29, 31, 33 and 35°C) in the
laboratory. Based on regression analysis and direct optimization, the developmental threshold tempera-
ture and effective accumulated temperature of different developmental stages were also calculated. The
results showed that the pest could complete its life cycle under the temperature from 27°C to 35°C.
Low temperature led to early pupation; a maximum of eight larval instars occurred at 27°C, and ten in-
stars occurred under the temperature of 29-35°C. In addition, the temperature had significant effects on

the survival rate of G. mellonella. The survival rate of early instars, especially the 1st instar, was greatly
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affected by temperature. Under the temperature of 27-33°C, it was less than 26.06%, while it was the
highest at 35°C (87.27%). The generation time and the developmental durations of different stages were
negatively correlated with temperature. The developmental durations of egg, larva, pupa and the genera-
tion time of G. mellonella were the shortest at 35°C (5.00, 25.90, 7.05 and 37.95 d, respectively). The re-
lationship between the developmental rate of G. mellonella and temperature conformed to the regres-
sion quadratic model. Based on the direct optimization method, the developmental threshold tempera-
ture of egg, larva, pupa, and the generation time of G. mellonella was 13.11, 13.69, 19.83 and 13.19°C,
respectively, and the effective accumulated temperature was 100.32, 514.09, 95.13, and 789.87 degree-
days, respectively. The longevity of female and male adults and the oviposition period shortened with in-
creasing temperature, while temperature had no significant effect on the number of eggs laid per female.
Nevertheless, the average daily number of eggs laid per female was the highest (342.59 eggs per fe-
male) at 35°C. The results indicated that temperature was the key factor affecting the development and

reproduction of G. mellonella, and the optimum temperature for development and reproduction was

35C.
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Table 1 Effects of temperature on larval instars of Galleria mellonella

LR AS[RIE AL HL ) L A5 Proportion of different larvae instars/%
Temperature/“C 634l 11 6th instar 7340 HL 7th instar 8 #3441 8th instar 9 #8411 Oth instar 10 #3411 10th instar
27 5 60 35 - -
29 - 30 60 5
31 - 45 35 15
33 - 5 60 20 15
35 - 25 55 15 5

—: o4l ALl . —: No larvae pupate.

®2 AEIRE TREESEHENFER

Table 2 Survival rates of Galleria mellonella at different stages under different temperatures

KEHE TE7% 3 Survival rate/%
Developmental stage 27°C 29°C 31°C 33°C 35°C
Yl Egg 79.00+2.08 b 88.33+1.74 a 87.92+1.10 a 89.44+2.42 a 88.89+2.78 a
1 #84)1 1 1st instar 18.37+0.34 b 24.81+1.84 b 21.36+1.65 b 26.06+2.97 b 87.27+3.64 a
21%4)1 11 2nd instar 74.73+4.04 a 69.3546.39 a 71.15+4.13 a 68.97+4.81 a 85.83+3.00 a
3 #4401 3rd instar 75.95+5.29 a 72.99+11.98 a 81.23+4.91 a 80.09+3.85 a 91.07+4.49 a
44%4)1 1 4th instar 77.45+4.36 ab 68.49+6.87 b 89.63+5.79 a 86.57+1.67 ab 96.30+3.70 a
54 4) L Sth instar 87.26+4.37 a 92.13+3.96 a 91.07+4.49 a 100.00+0.00 a 95.83+4.17 a
6 #4 4} Hi 6th instar 85.05+2.51 a 92.59+7.41 a 95.24+4.76 a 100.00:£0.00 a 100.00£0.00 a
7 #54)) 41 7th instar 88.89+6.41 a 91.67+8.33 a 100.00+£0.00 a 100.00:£0.00 a 100.00+0.00 a
8 i 41 1 8th instar 87.74+1.24 b 100.00+0.00 a 100.00+0.00 a 100.00+0.00 a 100.00£0.00 a
9 ¥ 4f 11 9th instar - 100.00+0.00 a 100.00+0.00 a 100.00+0.00 a 100.00+0.00 a
10 %44/ 51 10th instar - 100.00+0.00 a 100.00:£0.00 a 100.00:£0.00 a 100.00+0.00 a
A4 1 Whole larval stage 4.62+0.45d 6.29+0.25 cd 9.50+1.05 be 12.43£1.59b 62.43+1.21 a
Iifi Pupa 88.1248.53 a 100.00+0.00 a 100.00+0.00 a 100.00+0.00 a 100.00+0.00 a
14t Generation time 3.23+0.50 ¢ 5.55+0.28 be 8.33+0.83 be 11.11£1.47 b 55.55+2.78 a

F B R bR R . AT ARRVNG 1R R 4 LSD Bk A I 7 P<0.05 /KF- 255 B3 . —: JiIk A, Data are
mean+SE. Different lowercase letters in the same row indicate significant difference at P<0.05 level by LSD test. —: No such instars

observed.



648 iR/ B A= S 1 494

2.3 BENKEESRELZ T I

TE 27~35 °C s [ A Rt 25 AT 5 i A A, Ui
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WS SR B % B R, R 5.00 d(P<0.05) ;27°CF
KR AN &y A % F DA, R 35.00 d,35C
RS U R R D W R, (N 25.90 d, 29,31 I

33C R EAG & E P4 518 30.85.30.90 F1
30.55d, —HZRERARE (HE527CH35C
AN U R E D2 5 W (P<0.05) 5 KUK IE
Wi B D ST L 1 R T R T 4 e, 27 °C TR Rl
PRIFHAR K 12,70 d,35°C F AR 7.05 d;27°CF Kb
WA & B R 54.70 d,35°C R 37.95 d,
Wi 2z ) 22 7 35 (P<0.05) .

3 TEBETABIERMENEEHH

Table 3 Developmental durations of Galleria mellonella at different stages under different temperatures

&8 P Developmental duration/d

% B BB Developmental stage

27°C 29°C 31°C 33%C 35%C
[l Egg 7.00+£0.00 a 6.45+0.11 b 5.25+0.12 ¢ 5.00+0.00 ¢ 5.00+0.00 ¢
19541 41 1st instar 5.45£0.25a 4.000.10 be 4.90+0.27 ab 4.25+0.46 be 3.75+0.20 ¢
2 #54)) 1 2nd instar 4.75+0.43 a 3.65+0.11 be 4.25+0.31 ab 3.20+0.27 cd 2.60+0.21d
3#44) 1 3rd instar 4.70+0.33 a 3.95£0.09 b 3.80£0.25b 3.55£0.21 b 1.95+0.09 ¢
41#%4)1 1 4th instar 4.70+£0.32 a 4.10+£0.25 a 4.60+0.40 a 4.05£0.31 a 2.05+0.05 b
5 #44) e 5th instar 4.35+£0.26 a 4.00+£0.32 a 3.70+0.33 a 3.55+0.25a 2.60+0.11 b
6 #44) Ht 6th instar 4.05£0.22 a 3.55+0.29 a 3.20+0.17 a 3.20+0.22 a 3.40+0.24 a
7 #44) e 7th instar 5.89+0.43 a 3.95+0.27 b 3.75+0.24 b 3.35+0.25 b 4.15+0.28 b
8 %41 8th instar 4.00+1.00 ab 4.50+0.17 ab 3.55+0.28 b 3.31+0.17 b 5.27+0.60 a
9 #44) Ht 9th instar - 3.50+0.50 ab 3.00£0.71 b 4.86+0.96 ab 5.50+1.50 a
10 #4 %) #4 10th instar - 3.00 3.00 3.67+0.33 7.00
A I Whole larval stage 35.00+£0.82 a 30.85+0.69 b 30.90+0.93 b 30.55+1.53 b 25.90+0.60 ¢
Iifi Pupa 12.70+0.19 a 9.75+0.33 b 8.80+0.20 b 7.40+0.21 ¢ 7.05+0.59 ¢
48 Generation time 54.70+0.83 a 47.05+0.70 b 44.95+0.97 be 42.95+1.51 ¢ 37.95+0.89 d

TR A B BARE R . RAT AR RNG S RE RN 4 LSD BE K IR 7E P<0.05 K P22 5 B % . —: JCIHAS . Data are

mean=SE. Different lowercase letters in the same row significant difference at P<0.05 level by LSD test. —: No such instars observed.
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Table 4 Regression models between developmental rates of Galleria mellonella and temperatures at different stages
SR 2171 Linear regression WK [HH Quadratic regression
H Prec - — — -
Developmental stage A [ KA
. . F . . F
Linear regression model Regression quadratic model
i Egg V=-0.076+0.0087(+=0.931)  19.509" y=-1.122 2+0.076 37-0.001 17*(=0.977) 20.888"
1 #5411 1st instar V=-0.042+0.0097(7=0.803 ) 5.465 V=-0.101 2+0.013 07-0.000 17°(7=0.804) 1.823
2 %41 2nd instar V=-0.468+0.0257(;=0.930)  19.311 V=2.084 7-0.140 77+0.002 6T*(+=0.959) 11.446
3#%4)) H 3rd instar V=-0.687+0.0337(r=0.828) 6.529 V=6.928 6-0.462 97+0.008 07°(7=0.957) 10.917°
415 %)) L 4th instar V=-0.505+0.026T(+=0.772) 4.424 V=6.829 4-0.451 17+0.007 7T°(r=0.942) 7.864"
5 #4545t instar V=-0.234+0.0177(=0.932)  19.763" V=1.331 9-0.084 57+0.001 67*(+=0.955) 10.338"
6 1%4)) H 6th instar V=0.107+0.0077(7=0.703) 2.936 V=-2.538 9+0.178 77-0.002 87*(r=0.994 ) 86.595"
7¥44) 1 7th instar V=-0.075+0.0117(;=0.621) 1.881 V=-5.291 3+0.350 47-0.005 57°(+=0.958) 11.084°
8 &%) H 8th instar 7=0.162+0.0047(r=0.366) 0.465 7=0.619 8-0.025 77+0.000 57°(r=0.381) 0.169
91%4)) 1 9th instar V=-0.760+0.0337(r=0.616) 1.833 V=-13.341 6+0.851 77-0.013 27*(+=0.846) 2.507
10 #4844 10th instar ~ ¥=-0.136+0.0117(»=0.250)  0.200 V=-16.927 6+1.103 87-0.017 6T°(+=0.954) 10.057°
A4y U V=-0.002+0.0017(;=0.907)  13.921" V=0.133 8-0.007 77+0.000 17*(+=0.945) 8.416°
Whole larval stage
1 Pupa V=-0.155+0.0097(r=0.992) 181.500”  V=-0.359 3+0.022 17-0.000 27°(+=0.993) 75.961°
1€ Generation time ~ ¥=-0.010+0.0017(;=0.907)  13.902" V=0.185 3-0.011 77+0.000 27°(+=0.995) 105.324™

Ve RE A T re HOCHREL * 0 BN iEE 5 K 7 #ARAE P<0.05 5 P<0.01 /KA, V: Developmen-
tal rate; 7: temperature; r: correlation coefficient. *, **: Significant correlation between temperature and developmental rate at P<

0.05 or P<0.01 level, respectively.
®5 AEERHSHAFTEAREMEGRRE

Table 5 Threshold and effective accumulative temperatures of Galleria mellonella at different developmental stages

ELZR 117 Linear regression method H A% Direct optimization method

S WL Developmental  FHRATMIE ATRCBUM(F -E) 0y oy RFHRARE AABURCH D) 0o

Developmental Effective accumu- Developmental Effective accumu-

sage threshold  lated temperature/ Coefﬁcient of threshold lated temperature/ Coefﬁcient of
temperature/°C. (day-degree) variance/% temperature/°C (day-degree) variance/%

5l Egg 13.03 100.77 7.90 13.11 100.32 7.92
1#24) 1 1st instar 20.98 39.72 22.42 20.96 39.75 24.11
21#4J111 2nd instar 23.69 25.92 41.95 23.50 26.33 36.30

3 1% 4)) 4t 3rd instar 23.86 22.50 28.34 23.31 24.42 27.56
4% 4)) L 4th instar 24.95 19.75 45.37 24.79 20.24 49.27
5#44) He 5th instar 21.83 30.00 38.06 21.91 29.69 38.80

6 1¥4)) H 6th instar 23.64 23.58 41.29 22.58 26.93 32.80
7141 1 7th instar 23.21 29.24 63.17 21.87 34.08 30.01

8 k&%) HL 8th instar 24.74 29.55 42.19 23.67 35.81 29.69

9 #4411 9th instar - - - - - -

10 #4541 H 10th instar - - - - - -
FEA 41 U 13.24 528.04 12.41 13.69 514.09 13.60
Whole larval stage

I Pupa 20.44 90.00 12.98 19.83 95.13 11.05
1A% Generation time 13.19 789.81 10.12 13.19 789.87 11.41
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27~35°C N KM MR G ol A2 Be i B AT 7= B0 L U R A 7 O P S B R R T v T 4 e, 27°C R PR R
X L ERLME P B S IR AN 2 (H 35°CTR REIR AT BRI, 8 8.70 d,35°C R B I Wi A Jid , M 6.55 d,
FABE H A DN R e, 38 342.59 0, 27 C R AR, Y BEIR TR (P<0.05) ,{H 29~33°C T /7Bl i i 2
221.91 %%, B H A 4 35 £ 120.68 K1 (P<0.05) 3Kk MG E 2R (£6).
6 B EEXT KSR B B A AN BT 40

Table 6 Effects of temperatures on adult longevity and reproduction of Galleria mellonella

- HEAR L7 i HER R i B [T R U F
e Female adult Male adult Oviposition Fecundity per Daily fecundity per
Temperature/C . . .
longevity/d longevity/d period/d female female
27 20.30+0.75 a 24.10+0.53 a 8.70+0.48 a 1916.55+134.14 a 221.91+11.72 b
29 11.00+£0.77 b 16.20+0.94 b 7.75+0.49 ab 2 146.95+£132.81 a 311.95+24.08 a
31 9.65+0.70 b 12.55£0.76 ¢ 7.35+0.29 ab 2 146.70+£158.28 a 286.37+28.67 a
33 9.70+0.37 b 13.10£1.27 ¢ 7.25+0.39 ab 2 161.75£138.08 a 295.39+1537 a
35 7.20+0.60 ¢ 12.00+1.19 ¢ 6.55+£0.32 b 2213.35£127.12 a 342.59+17.42 a

R R br iR . RIS NE FRERIR 4 LSD MG B 78 P<0.05 /K-F-22 5+ [ 3% . Date are mean+SE. Differ-
ent lowercase letters in the same column indicate significant difference at P<0.05 level by LSD test.

27~35C T RIFIEHE AR A= BN = I Bl T HA 4 MR (P<0.05) , £00 265.50 47, Hgx 44
TEFZIRAYAT 3 d, HerP s | R H O B dR ok, 70 T A SAME H ™ B 47 400.00 2 AL, F R
T2 644.35.683.45,579.20,691.45 Fll 636.45 H7 ,H 54K ZE7HNEIG 1 d, £HRE T B4 FLE H 2557 B 5
AL T MERL U EAME IR M 22 A ZEEREEREL,
RPN 3K, 27 C T MR Y FLE H O i R

800

600 -

400 -

200

HlEH P2 I E No. of eggs laid per female per day

F=BI R Oviposition days/d
El1 AEBRE T KEEAMEH~NE

Fig. 1 No. of eggs laid per female of Galleria mellonella per day under different temperatures
Pl s A P bt . RIS RIS )N S RE R /R 28 LSD IR 048 P<0.05 7K V-2 % 2 % . Data are mean+SE. Differ-

ent lowercase letters at the same time indicate significant difference at P<0.05 level by LSD test.

3 itig 20005 77 {30 %, 2014) . ASBF 545 B 7% L 7E 27~
WMV £F s Apm gy 35 CIRRNRREIEE R AR iR s
B 45 1 2 A A I 1 Z — (Steigenga & Fischer, %8 D3I IR T i A, 31°C T HBR (4 L
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AR & B D531 5.25.30.90 ,8.80 F144.95 d.,
SRAEARAE (2020) U5 H AL BFTE SRR , HOR I
B &l s g A AR & DA 5 5.02.19.59
8.73 F133.68 d AR TABIFEL R . AWFFEL R K]
T 35 °CTF R B2y H R %) & & D 435914 25.90 d
F17.05 d, Ifif Kumar et al. (2010) 41 35°C T i i
o)) ORI 9 & 7 D43 50 0 53.54 d R 12.06 d, 57
SR 48 R 25 S 40K, 99 L A AT e b P e i A
BRI F3h AR R E W] 35°CTH KEHIE A4
ASHAEIG Fa 38 0 2 e T MR B2 B AA TS R, B IR]
H 0T U B R TR 37 1 2 S AN SRR ], R i i &) G
H 1S ROV R BURR 27~33 C R AT RIS
26.06%; 1 7E 27~35°C 3 [l P Wi (9 A7 5 28 24 AT 5K
88.12% LA I, 158 I o) Tk B AR A AN UK, ik i 2 5
1€ Bk i W5 Dichocrocis punctiferalis ( ¥ i 45
2012) Vb E 4B Chrysolina aeruginosa (B AL
25,2013) FH #E 418 Chilo sacchariphagus P A
IE (B35 2, 2019)

2 H5E R RSS2 TR R R ), LS e AR A A
o) 2 S A — Yok 3 L PN B g B 5 AR
& ik Spodoptera litura %)) HUBE 57 YEGE Wi /D (23 )5
55,2002 ) ;s TEI& BT, B8 Mythimna separata
4y HUEE R 6 %, (0 SR R E 30°C UL L, TR
2y B LT 5 LRI (TTSEAR 55, 1998) s FEAN W]
TR T SRR Athetis lepigone YA THEA 6 1%
1 B 5 U0 B T e R A 6 R S AR B ] 3 2 (T 6
WhAF, 2012) 5 B DT Wk S, frugiperda 1E 15°C Fl
20°CTR 2L 7 WA B MTE25~35 C R A A 61
(AT FRTHESE , 2019) 5 76l HE BRI I Z MK A, dissi-
milis F7AE 7 W 4 8L, L w5 T 25°C )5 HUA 6 it 4l
(FPIEIEAE,2016) o AN FE & AN [RIELEE T R M i
4y HU W K RS 25 855,27 °CTF HAT 6~8 i 4l e,
1M 31~35°CH T~10 f4h B o FEARIREE T Rk I 4]
I I R B ST R AR R a7
HP T J0 P AR 1) B 5 3 7 SR G, T R A PR Dy Ui B
T I R e MR 4 e AR N KR AL, B A 3
LML RE i — 2D HE5R

B L F RO AR SO S R A
Kk BT SRR S R H S AR 1A
B MR R T R R AR B AR S R W
7N, R AT USSR B B G Ml S B A T R R B Y
B IV v w3 £ ey VS - RIUDS N R 107 N )
R SR T , KIFIE 1~2 #54) B4/ N, 3 HE DA
gy AR, B e, WSR3 DR, T AR

BRI T 4 B e 7 30, MR e ARG . Je
R BT RS IR R 4 B AN A &
R IR R R AR T A OB, T4 A Bt
A EEAT ORI L AT RIS HE 53 5 M 4 R R A 48
AARER R R R TS S RS I PG, G st
BEAE12 H—842 A PRSI T 13°C, 1t
SO e v /) R M AR A JHL R A DU J) RIS 78 4% 45
£, DIR KA IR Ko &y o 3k 30 A 2550 1 e 54y
H B, [ AN 20 e e 1t i3 5 o

ASBIFTE 2 R W R M e A B I B g T
AL, HLIR]— IR e il e iy T M A e A, X
HRIEMRAE(2020) BFFR A5 R —3 . P28 H R
a1, GnsE S5 Wk Cydia pomonella (Blomefield & Gil-
iomee, 2011) . /N W Plutella xylostella (7 €45,
2012)  HHE AR IR (B R 45, 2019) FIAR 2 Al - 15
Trabala vishnou gigantina ( Xl| 7K 4245 ,2016) WA It
R, AT RE R A H R IR T 2o G A ] LR
TR BRI 25 (3P, 2017) 0 Foh, IREHS5(2020)
AR5 2 B A Ao, e 1% 7 B0 Ty i 88 P o 1 4
JL, AR WARAG R MG R A W Y2, SRR 5
(2020)AF5E K AR FEE TR AT RIS A e A
24°CF =R R, A 2 781.50 4%, AR 5E 25 5L b
AN [l R8T DR AL 5 DI I W 3 22 e, DA T
REAT 30— M AP 2 57 O s — 2 OB A TR
ORI HV DB [R] 5 = J2 A< 350 (4 1 R S5 7 A [R]
TR TP, RANFEE SR, PSS BRI A] 52 e 7 e
IH TRk B R B S 35 5 T B L R 7 B

EN NP E (R EN N ERTA DN ¥ 7 1 B e
5, 5 ARKIAE—E 2R, BAARRAUWIR T
T B RO IR AR R S , TR DEIRSEE 2
PG R AR 2 i ik S B 0 AR K R B AN
WA, T R MR S RS A, 2 e 5
HARABEZEHNER, B, 273 0 8]
DT , AAAT 25 25 A% Fh BR A DA 7 X ik S R
A KR B VT IR A T R AT .
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