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Table 3-1. Effects of species, temperature, and sex on the developmental time of

eggs and nymphs of G varius and G proteus reared on E. kuehniella eggs under a

15L9D photoperiod

Factors df SS F-value  p-value
Egg developmental time
Species 1 1.28 0.22 0.64
Temperature 1 14080.54 243839  <0.01
Species x Temperature 1 588.51 101.91 <0.01
Error 649 3747.66
Nymphal developmental time
Species 1 2791.63 5489 <0.01
Temperature 1 52221.19 102697 <0.01
Sex 1 118.27 233 0.13
Species x Temperature 1 863.00 1697 <0.01
Species x Sex 1 1.69 0.03 0.86
Temperature x Sex 1 13.59 0.27 0.61
Species x Temperature x Sex 1 239.22 4.70 0.03
Error 292 14852.01
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Table 3-2. Developmental time (mean + SE) of G varius and G proteus eggs and nymphs reared on E.

at six constant temperatures under a 15L.9D photoperiod

5475 (2013)

kuehniella eggs

Nymphal stages

Species Ti:mp Egg”
O st 2nd 3rd 4th 5th Total ®
G. varius 20 2342008 (76) 142+£040 100*X036 106=*X021 13.7*x082 21.2*139 696 =% 1.53(20)
24 13.3 £ 0.07 (66) 8.0 =X 0.24 53011 6.3 £ 0.11 84059 153*136 433 =*x1.71(23)
26 12.1 £ 0.10 (54) 6.7 = 0.15 53012 47 £ 0.17 6.1=*x0.14 9.9 =012 326 % 0.31(26)
30 9.1 £ 0.11 (41) 4.9 % 0.09 3.7 = 0.09 4.0 £ 0.07 49 *0.17 80X 0.16 255 == 0.33(30)
33}7 8.0 0.00 (5) 4.7 £ 0.09 3.3 £ 0.09 3.9 £ 0.09 42 *£0.12 6.8 £0.09 229 =% 0.18(28)
36’ - - - - - - -
G. proteus 20 2372014 (42) 13.7x£048 11.1£019 11.8*£037 123*£0.18 179*£029 667 £ 0.64(12)
24 13.3 = 0.07 (79) 7.3 £ 0.23 5.6 £0.27 53=%x0.14 5.7 &£ 0.09 88+ 014 327 % 035(23)
26 9.9 = 0.06 (81) 5.6 = 0.18 4.0 £ 0.07 42 £ 0.17 45 =% 0.18 7.0 £ 020 254 =% 0.30(29)
30 7.2 £0.07 (57) 49 =*0.12 26 X015 2.7 *0.16 2.8 = 0.09 44010 174 £ 0.24 (25
33 5.8 £ 0.04 (86) 2.9 £ 0.08 2.1 £ 0.03 2.1 £0.04 2.4 £ 0.07 38007 133 x£0.13(49)
36 5.6 £ 0.06 (66) 2.4 %008 2.1 %005 1.9 &= 0.09 2.6 £ 0.08 34010 123 £0.17(35)

“ The number of samples are shown in parentheses. Nymphal developmental times of males and females were pooled because they

were not significantly affected by sex (See Table 3-1).
b Nymphs were obtained from eggs kept at 26°C.

Y=0.0067X-0.0895%, ’=0.953
Y=0.0104X-0.1691%, 2=0.959
e G.varius(nymph);  Y=0.0023X-0.0305*, 12=0.940
m G. proteus (nymph); Y=0.0045X-0.0754%, 2=0.950

o G. varius (egg);
o G. proteus (egg);
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3-1.

developmental rate of immature stages of G varius

Fig. Relationship between temperature and
and G proteus reared on E. kuehniella eggs. Dots and
bars indicate means and standard deviations. X and Y
indicate temperature (°C) and developmental rate
(day!). Egg data of G varius at 33°C and G proteus at
36°C were excluded from regression calculation
because egg developmental times of two species were
apparently prolonged at these temperatures.
Asterisks (*) mean significant at 0.1% level.
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Table 3-3. Egg hatch rate of G varius and G proteus
at
temperatures with a 15L9D photoperiod

reared on E. kuehniella eggs six constant

Species Temp Egg hatch rate™”
(°C) (%)

G. varius 20 854 (89) a

24 985 (67) b

26 931 (58) b

30 759 (54) a

33100 (30) ¢

36 00 (49) ¢

G. proteus 20 350 (120) a

24 731 (108) b

26 750 (108) b

30 687 (83) b

33 782 (110) b

36 710 (93) b

“ The number of samples tested at each
temperature is shown in parentheses.

* Values followed by different letters within
a species in the same column are significantly
different at p < 0.05 (Fisher’s exact test
with Bonferroni-Holm adjustment).
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Table 3-4. Nymphal survival rates at each stadium of G varius and G proteus reared on E. kuehniella eggs

at six constant temperatures with a 15L.9D photoperiod

Species Tfmp Stadium * Ist instar to adult ”
0 Ist 2nd 3rd 4th Sth

G. varius 20 86.7(30) 96.2(26) 100 (25) 100 (25) 80.0(25) 66.7 (30)a
24 86.7(30) 100 (26) 100 (26) 100 (26) 88.5(26) 76.7 (30)ab
26 93.3(30) 96.4(28) 100 (27) 96.3(27) 100 (26) 86.7 (30)ac
30 100 (30) 100 (30) 100 (30) 100 (30) 100 (30) 100 (30)bed
33 96.7(30) 100 (29) 100 (29) 100 (29)  96.6 (29) 93.3 (30)ad
36 ¢ 20.0 (30) 0.0 (6) - - - 0.0 (30)e

G. proteus 20 86.7(30) 100 (26) 80.8(26) 85.7(21)  66.7 (18) 40.0 (30)a
24 81.3(32) 100 (26) 96.2(26) 100 (25) 92.0(25) 71.9 (32)ac
26 96.7 (30) 100 (29) 100 (29) 100 (29) 100 (29) 96.7 (30)bc
30 96.6 (29) 92.9(28) 100 (26) 100 (26)  96.2 (26) 86.2 (29)bc
33 100 (52) 100 (52) 100 (52) 98.1(52)  96.1(51) 94.2 (52)be
36 100 (39) 100 (39) 97.4(39) 97.4(38) 94.6 (37) 89.7 (39)be

“ The percentages of nymphs that survived to the next stadium are shown. Numbers in parentheses are the

number of nymphs at the beginning of each stadium.

* Values followed by different letters within a species in the same column are significantly different at

p <0.05 (Fisher’s exact test with Bonferroni-Holm adjustment).

 Nymphs were obtained from eggs kept at 26°C.

ZOEZEED AL EBIIKR LD TH S (Fig. 3

—1). DL Eo®REDS, WREOWEBTED@E AR SN,

FTF AT ALY R AT F A D XL Y OIEEH I8 7 i
R EENEN, 24~30C K 1M26~33C g s,
IR % A LI 2 720121, fE RSN 2
NEN LELOFPANICRETRETH L LEEZONL.
512, 20C RU24C BT BFF A H AL LD
OsHash I oA ff#1E, ol L Y 82> 72 (Table 3
—4). EWRBIBRE M & L C o mifE o KB K B 51
BwTiE, MarmzmHMe» CHET 208 N H 5. Wl
DEIFZH 72 TIE, il 7B o> 5w i # P N © f IR %
Mz AT 5 2 LIC X ) MHEOFEE 2 HI#H$ 25 2 &A%
BETHLD, TFADALVIIBITLEGREFED, K
OREHGE % AT 5 720120F, 1S OSBiG%) B 11
26C U TOMIRSMCOfE X #IF 5 2 LRI ND.
26C, 15L: 9D FTARS 2T TITA Ay 3 a gl
DARELGZTHFITADALT R AT T AT ALY %S

HBL2EZh, WEYGHROFEHRLOEFREZAEN,

34 H B UHI28%, #275H R UHT1I% TH D Z &AW
Lt oTnd (BE28E). AEIZBWT, fHFAEHRNIC
KBTI TAYIF T T AL NIE G2, Rk
CRCIRERCHESE T CHifiZFE LA, RE

15

HEUXFARBETH o 7225, TWidE & & AT HE O FEER X
DHEL, BICAFT A DALY TERBICE» - 72
(Table 3—4). # X & ¥ HIZI®T A EZ T4
(extraoral digestion) % 17\, fEDIRNIZH % FK %
slurry & XN 2 IEEIICEZ D 2 ERMOENTEDY
(Cohen, 2004), ¥ ANF A X L VEHORFEIZIZA Y 3+
YT XA FINEOHOMHE L L ITHEEORKDLET
»5 (KE, 2003a) WAFZETIRH VA OMBIIRE -
723, RMOELLFROENIE, KRG OFEOG A
WELILEZOND.
DLEo#Rrs, kGt ffelTAyary
FTIGAL AP G52 5 FFEAF AN ALY R A4
ANALYORBERIIZHL TWDLEEZBNDL. Lo,
F2EICB VT INS O & H\T26T, 15L : 9D4AF
TCHMOENFAT 21T 25h, T AHALTOH
b31E33% &Ko 72, AfrE % W THFME 2 5%
LT 270D BERD—D L LT, $2ETHlNL)
WCHEVORBIRFONL. FHICEF AH XL VITBWV
TiE, dRICAEB T 26 bullatusTHBEE I N TV B
(Readio and Sweet, 1982) & 9 %, K44 XD K & %1
PRI X B/ S RO AR B B E O BAI T3 2 &
BLIELIEZEOONS. DX itfvwolhikgEe: LT



TREEMR AT >~ & — s

&, SHEAESNOMEOWRIC X 2 FE KR LOALE
AR O ZET 5N B D, FEFEOEHOBIE, S
&, F—fHEERNONROIET AT — T 2w ie R Y i
ABHIEHEEEEZONL., ZD72DI2IF, 1ZITFKEC
JRAL L7222 2 [ — B IS AN TEE 2 Blin % )72 i

VEAHIEPHEREIND. T, KEIIBTHHAEDORR

A T TR T & i L TRl 0 %E H o
E5DEDNSWEHIAHDH ST 5722 L5 (Table 3

—-2), WHEZR) FHFREEHRELTEIMTL2 LD,

FHEMEOFREAT -V LT 2IRATHELERDL
N5,

SB281 26°C RMTICH T 5 3ETERE

1. #&
WIS BWTIE, F2ETHIELAA A A A X LT RV
E AT F AT XLy OENEFEE KRIFICRA L 72k=
B OIS L 2 M E LT, MEORERME
WS L, EfEom Lo MR oMz i L 32
720 OFEFHEEMICOWTELE L7z, IR OB o il
HEMEMCE LTINS 0MRAZE D &1 L7/ A T
REEE 2 OND2S, WREOBIHRE)SE, TULEOEHOR)
RACIC L E 2 IR OAERIEIC O W TR TH 5.
CCOARHITIE, RO KRB B\ CREHENY 7 A
FMOHPHICH D EEZ 5N 526TC, 15L:9DEMFTICE
VT % U O REGRARDL R A A I &2 B A L, KR Al
WIS 5.

2. MERUFE

(1) #E=

FFAAALY, CAFTFAARALTEDBIZ, FEIHiO
EBREF—OMBEBEEH Wz, wihd, $E2ETHEL
REFEICLY, AVaFFT I AL HTOINEMIC, B
W 2 PERSEEIC IV T26 + 1C, 151 9DD AT TR
fREHE L7

(2) PEBPATEARE

26+ 1T, 15L: ODDOEHTFIZBWT, BEHHOFA L
FREDOFER RO EE G, XA ALV R 4%
AR ALY OYREBKEE L7z, 5 R EdRE LT
24IEHE IS T DA M2 FERR L, FILAR 2405 [ LA o i i
1% % 1B % ] — 2R IS AN CRRA IS W72, H L iljfl
&SRS E TIERE R B 2 IR C & o 727200, MK
FECTHESNZMERR (L dn=16) IS LTALEL
7L, RRETE & — D5 T CHERBIGE LB
s, 24 DINICIME L 72 b D% A THEA L 72,
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5475 (2013)
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Table 3-5. Adult longevity and fecundity of G varius and G proteus reared on E. kuehniella eggs at 26°C and a

15L9D photoperiod

Longevity (Mean = SE; days)“ Ovipositing Totalno of No. ofeggs
Species Females eggs laid laid per day
Female ¢ Male®
(%) (Mean = SE)4%¢  (Mean = SE)*?

G. varius 173.1 £195@8)a 261.7£495 (7)a 100 (8) 2354 +532 (8)a 1.4*£034a

G.proteus  109.4 =174 (7)b 102.0 =287 (6)b 87.5(8) 2347 =485 (7)a 1.9£0.37a
t 2.40 2.67 0.01 0.84

df 13 11 13 13

p 0.03 0.02 0.99 0.42

“The number of samples tested is shown in parentheses.
b Means followed by different letters are significantly different at p <0.05 (Student’s rtest).

¢One G. proteus female escaped in the experiment.

7z (Af=16.7, 1=6.93, p<0.0001, Welch®H#iE) o
(2) FEBOEFEAR KR U EIRE
FEAHALVIZC AT A D ALV LB L THREIC

R <AL L (Table 3—5), ZD7IIMEMEZ N Z164H KO

160H & K& o7z —J, WiflE b o LMo M

WA BRENBD LN o7z (FF A A ALY 1 df=

13, 1=2.16, p>0.05: L AFTF AA ALY 1 df =11, ¢
=220, p>0.05, StudentDARE). PEUIMER, FIEIIEL
JeOVH 472 0 BRI 3] COAEAITED Sk h o
7-.

WA & 3 FE I HT F TR 2 BEIR ATBIEE S 1 (Fig. 3
—2), IR (bomx) ZIZWIFER Y — 2 3% h o7z,

_____ my Lmy Iy
6 r 11
G. varius
4 F
0.5
2 -
g
g -
g r 1 1
G. proteus
4
1 05
2
0 ! 0
0 50 100 150 200 250
Days afteremergence

Fig. 3-2. Survival rate (/x), fecundity per surviving female (mx), and lxmx curves of
G. varius and G. proteus reared on E. kuehniella eggs at 26°C and a 151.9D photoperiod.
Ix is corrected with survival rates of egg and nymphal period (See Tables 3-3 and 3-
4).
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(3) iEE/NFTXx—%

FA AN X LY T X FF XA ALY ORBEGEE (Ro)
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5475 (2013)
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