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Effect of Constant Temperature upon the Development of
the Potato Tuber Moth, Grorimoschema operculelle (ZrLLER).

Kenji Ko1zum1

In May 1954, the Potato Tuber Moth, Gnorimoschema operculella (ZriiEr), was found
in todacco field at Kawaziri-cho in Hiroshima Prefecture ; this is the first discovery of
this pest in Japan.

After that time this new pest was also found at Saseho and Fukuoka in Kiyushu and
now this troublesome pest seems to have become established on our land. It has been
presumed that this imigrant seems to have been brought by the Australian Troop, which
has been stationed at Kure since Japan was occupid by the Allied Forces after the
World War .

The present article is the report on the effect of constant temperature upon the
development of various stages of the Tuber Moth which has become established under
the japanese climate.

The present studies have been carried out under the following experimental conditions :
1. the constant temperatures were 10, 12, 15, 18, 20, 25, 27, 28, 30, 33, 35, 38 and
40°C. ; 2. the relative humidity of each incubator was kept 80~909; at 10~15°C. and
50~702; at 18~40°C.; 3. the potatoes used in rearing the larva were the race “Danshaku”
which belongs mealy type and of about egg size ; 4. the population density in rearing
of larvae was rather high and 5. all materials used in each experiment were reared at
27°C. and transferred to the experimental temperatures.

The results obtained are shown in Tables 1~9 and Figures 1~5 and summarised as
follows : —

1. The development of each stage occurred under the experimental temperatures
ranging from 10 to 40°C. ; and the developmental period decreased with the rise in
temperature from 10 to 35°C.

Although ths threshold of development was not determined, the minimum effective
temperature seems to be below 10°C. and the maximum effective temperature lies near
40°C., considering the percentage of development and of sound individuals. It seems
somewhat noteworthy that at 10°C nearly 5094 of individuals of a stage could transform
to the next stage ; the aduit could, though in smoll numbers, mate and oviposit apparently
normally at 10°C. ; and at 40°C. the embryonic development was observed, but the embryo

failed to hatch and the other stages could not develop at this temperature normally.
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2. It seems that the medial temperature of all stages lies between 15 to 33°C. considering
the shape of the velocity curve, the normal development and reproduction under these
temperatures. The rate of development of each stage is most rapid at 35°C.

3. The male which is reared under high temperature such as 35 or 38°C. through its
prepupal and pupal period is sterile, while the female is not when reared under the same
conditions. (Table 5.) ’

4. The larval period is shorter, while the pupal period is longer in the male than in
the female ; and the prepupal period is approximately equal in both sexes. (Tables 2~4)

5. As shown in Table 9, the percentage of the duration which occupies of the whole
developmental period is almost equal under the experimental temperatures tested, but
the percentage of the egg period tends to increase towards low temperatures while the
percentage of the larval period tends to decrease. No change has been observed in the
other stages.
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Temperature! Number of | Per Cent | Egg Period in Days | Mean Velocity v%, Hovey® rxdeko

°C. Eggs used | Hatched Range Mean Devel%i)ment FPEHC 10°C OERT
, | | = BRALIEL w2 ',

10 670 46.42 | 40~52 43,52 2.3 i R .
12 199 55.28 | 31~35 32.32 3.1 CTv 328, FRET
15 217 86.64 | 17~21 18,82 5.3 LRI O A Fhlr < 28
18 223 82.95 | 10~11 10. 53 9.5 L T 5 RIREEHE
20 217 95. 85 8~9 8.22 12.2 4~ ¢, Langford® iz
25 224 97.32 | 4.2~4.7 4.58 21.8 1.7~4.4°C o BT
27 228 96.93 | 4.1~4.6 4.21 23.8
28 220 98.63 | 3.4~5.0 3.81 26.3 T4 > AT %E
30 408 99.01 | 3.4~3.9 3.50 28.6 oot LT B 23
33 138 90.57 | 2.8~3.2 3.01 33.3 B S o (R B T
35 71 84.50 | 2.7~3.3 2.86 34.9 10° BF 5° o s
38 138 96.37 | 3.3~4.3 3.56 28.0 ,
40 V74 1.72 | 3.9~3.9| 3.9 25.6 5bDLBbD. L
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Fig. 1. Relation of Temperature to the LHEEEEFEAYEE2ED
Development of the Egg. V.
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Table 2. Temperature and the Larval Period.

BT EFEE e L
THEELLL, T Temperature | Number of | Larval period in Days | Mean Velocity
DRETLEBFEL Larvae Mean of
A LI1E AL R °C. Developed Range EEE s o Development
¥, ERRRREC 10 13 |64~111] 83.04| 83.2 | 828 1.2
BrboeExbh 12 190 | 51~87 | 6l.81 1.5
B. EERIEEICEL 15 141 30~49 | 38.68 2.6
<13, 35°C BLL© 18 137 21~29 | 23.84 4.2
JE 20 176 15~23 | 19.32 5.2
RREENCEE 21T 25 145 10~15| 11.88 | 11.2 | 1L9 8.6
binb e T ORI o 27 265- 8~14| 10.22 9.8
7o EERAVRERIC T 28 171 8~11| 9.22 10.8
5. =m0 35°C o 30 139 7~10| 8.69| 8.2 | 9.0 11.5
R B B BRI . P e o Nl I B
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Fig. 2. Temperature and the Larval

Development.
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Table 3. Temperature and the Prepupal Period. . .
o - fEecx ¥, ¥

Temperature Number ofiPer Cent Prepupal Period in Days Mean L, 5~68
Individuals Mean Velocity of B L TR A
°C. used Pupated Range 540 o o |Development DTLT 5 &
10 120 65.00 | 9~40 | 17.54 .7 B G oR. Ei
12 138 | 91.30 | 8~19 | 14.32 .0 AT — P EMOE
15 90 93.33 | 7~14 9.55 10.5 ETRED TFTE
18 125 80.00 | 4~6 5.42 18.5 ZME S 28, 10°C ¢
20 108 95.37 | 2~5 4.31 23.2 R FET S L B
25 126 83.33 | 2~3 2.33| 2.3 2.3 42.9 o .
27 320 | 97.81 | 1~4 2.08 48.1 A 23 Ao, Hovey”
28 148 97.97 | 1~3 2.00 50.0 1325°C TE D IE
s 30 153 97.38 | 1~3 .81 18| 1.8 3552 2y 266 % 5°
33 114 94.73 | 1~2 .61 1.7 1.5 621 L % O 5
35 111 95.49 | 1~2 1.47 68,0
38 55 | 94.54 | 1.5~2| 1.87 53.5 {EHEL 72 2 HRE Tl
40 59 91.52 | 1~3 2.07 48.3 20b, EEORE
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Fig. 3. Temperature and the Prepupal
Development.
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Table 4. Temperature and the Pupal Period.

Temperature Number of | Per Cent Pupal Period in Days Mean Velocity
Mean of
. °C. Pupae used | Emerged Range 340 3 B Development
10 129 46.51 47~77 | 64,27 68.8 62.6 1.8
12 123 87.80 41~63 51.89 58.7 51.9 1.9
15 110 94. 54 22~33 28.56 32.4 27.4 3.5
18 140 94.28 14~20 16. 45 18.1 15.3 6.1
20 154 94.80 10~14 13.15 14.2 12.4 1.5
25 126 92.06 6~11 8.19 8.7 7.7 12.2
27 300 97. 66 6~10 7.19 7.8 6.7 13.9
28 120 95. 00 5.5~8 6.71 7.0 6.4 14.9
30 150 98.00 4~8 5.93 6.1 5.6 16.9
33 116 93.10 5~6 5.17 5.3 5.1 19.3
35 80 93.75 4~6 5.13 5.3 5.0 19.5
38 95 91.57 4~6 5.22 5.6 5.4 19.2
40 60 25.00 5~7 6.13 6.5 6.3 16.3
Fig. 4. Temperature and Pupal Development.
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Table 5. The Fertility of Adults, the Pupae of which

were reared under high Temperature.

Combinations of | Average Numder of Per Cent Per Cent DB EE 30°~33°
Eggs oviposited
Mate (10 pairs) per Female Hatched Mated MIsE D34 <, BRED
33°CQ x33°C 3 82 94.5 100 35° CRTHD TR
35 » X35 » 57 0 80.6 el bo iy, &
38 ~» X388 »« 36 0 50.0
B DTS

35 4 %27 » 63 86.3 60.0 fm_@*“—“megl’g
38 » x21 » 78 63.2 40.0 ZARL T 5.

HEEE D Mgz
RELEROML LRELHEUMERS L, FCERCRNTEOENKRT, ch&Edb =02 7,
FAFIF A AT ELHE DL TS,
- RE (E6FE)
27°Ci s W IR % 1T L 7o Rl SR fllkE 15559 0% 3.5cm, B2 23cm okHBEICAN
THMEE B &, MG, MK, BT TR, B ChRE L 2846 0, lifofss
i, AR, THEIESA AL 2FRREeEomL Tt B, 16°C UTFCRRERC S B

Table 6. The Longevity and the Number of Eggs produced under various Constant
Temperatures of Aduls which were reared at 27°C. (Each 15 Pairs)

Temperature Male’ Female Per Cent Average
Number of
Ranges of Mean Ranges of Mean L.
oC Longevity | Longevity Longevity | Longevity Mated Eggs oviposited

: in Days ~in.Days in Days in Days @ per Female
10 30+ v 30+ 30.7 54
12 21~29 24.6 20~36 29.4 - 88.9 49
15 9~35 24.3 14~47 36.6 86.7 59
25 6~11 7.9 8~18 12.1 100 81
27 6~9 1.4 9~19 13.9 100 84
30 5~8 6.7 8~14 10. 3 100 18
35 3~5 3.7 2~11 5.7 33.3 17

% HHE R < i BEgMEE Ficis &, Bikid, RS RO C ORI L TW»w B
B, S B AN BRIOBIO LN L D2 E L bR, 10°C i T %R, peiid
BT s b e, 129, 15°C CiacR, JEIRHICE L, o RS HRERER 14°C
DLE? 2EnTwab oL, s K CIEMEIRES bR C 22 RT. 36°C o
E TR Em S B L, R, IR Th Ok, WA LSRR & b RN, LU
3 A AE O pERa 4T 5 2%, IR L WIHER B L T & pEIRlaE s b, AT REES
BOEHOES QIR SRS & UCBIEC A D i, AR, R0 BT 5 < Ek
L VEFRBEEGS, 27°C © 10 BLLEE KRR, RENTEBL T, BEEREhEL,
DUBESEL L C & BRI T b i o fz. ,
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Table 7. Total Developmantal Period

and Temperature.
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Temperature | Mean Duoration | Mean Velocity of

. required

°C. in Days Development
10 208. 35 0.5

12 1685. 34 0.6

15 95.61 1.0

18 56. 24 1.8

20 45.00 2.2

25 26. 68 3.7

27 23.70 4.2

28 21.74 4.6

30 19.93 5.0

33 17.32 5.8

35 16.77 6.1
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‘Fig. 5. Temprature and Period of Time from

Oviposition to Emergence of Adult.
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Table 8. Mean Developmental Period of I = ¥
Each Stages when reared under 1. 19544E 5 AKEEJIFEIC S F 4=
the fluctuating Temperatures. FREATER 3 REAL, bRAEKEEL
Mean | Mean Developmental e {Eﬂﬁii’%"VCOb\ T, TOEEZPLPICT D
Stages Temperature I 7o, ETEEEROERT ~DCKETH
°C. Period in Days )
HETEL .
Fee 178 -3 2. HAF—Drh, BRELLERO 10~
L ; JG 40°C ofEIc b VRERB 5. L
20.1 8.
THEH AL 10~35°C ORI TRED
Prepupa 18.3 4,7 EReoORTEAS L. BBEEARERES
2.0 =8 P LB IR0 e iR BRI O A B L D
Pupa 16.3 22.2 T, L7 — o3, (KEIRAR 10°C DT

~ 1, SRR 40°C b sb0eEL
B 5. 10°C 1wt

WTHEAT — o3k
509, 0%& THREH

Table 9. The Percentage of the Duration of each Stages

in the Whole Developmental Period.

e, IS TEL B Temperature
25 B B TE 5 1o 7 oc. Egg Period. |Larval Period. | Prepupal Period. | Pupal Teriod.
}‘%; ;%JJH?ZE c&, 10 20.88 % - 30.88 % g.42 % 30.85 %
40°C cuppfbin s 12 19.55 40,41 8.66 31.38
O RA TR 15 19.68 40. 46 10.00 29.87
EACBCBHC L, 18 18.72 42.39 9. 64 29.25
MO X7 — & TCIXIE 20 18. 27 42,93 9.58 29.22
25 17.17 43.40 8.73 30.70
e e 2 e .
7 i igh
izéﬁsé'?\ R 27 17.76 43.12 8.78 30.34
REFE B3 2% 17.53 42,41 9.20 30.86
5. 30 17.56 43.60 9.08 29.75
3. HEHEEdh, 33 17.38 43.48 9.30 29.85
%T%‘@IET%"S , ZE?LI{J: 35 17.05 43.59 8.77 30.59
F1E X b T, IR Mean 18.32 42,33 9.11 30.15

BHELERT -
F, I5~83C b 3eEabhnsd. LLFEFTAEDRLENORELERT — 2 3H°Cth 3.

4. 35°, 38°C o I 5 lpssiic R, WA B L BERANE Y T 503, dREio&MET
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