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Effects of Temperature on Development of the Black Vine Weevil, Otiorhychus sulcatus (F.) (Coleoptera:
Curculionidae). Makoto Masaki and Kenji Outo (Yokohama Plant Protection Station, 1-16-10,
Shinyamashita, Naka-ku, Yokohama 231, Japan). Res. Bull Pl. Prot. Japan 31: 37-45 (1995).

Abstract : The development of the black vine weevil, Otiorhynchus sulcatus, was investigated at con-
stant temperaturesl2, 15, 18, 21, 24 and 26°C. The developmental threshold temperatures for eggs,
lavae+prepupae, pupae, and preovipositional period of adults were 6.32, 2.45, 6.09 and 8.44°C, respec-
tively. The thermal constant for eggs, lavae+prepupae, pupae and preovipositional period of adults were
186.43, 2,061.93, 182.85 and 571.10 degree days,respectively. Developmental speed from 1st instar to
5th instar of larvae was fast as higher temperature, but the developmental speed of 6th and 7th instar
was slow as higher temperature. The developmental zero was low as earlier instars of larvae. The
developmental zero of 1st to 5th instar was -0.66, -0.40, 1.66, 2.83, and 2.40°C, respectively. Almost
larvae pupated at temparature from 12 to 21°C. But at 24°C and 26°C only one larva pupated and the
rest of larvae died in prepupal stage. The number of instars varied according to the temperature.
Larvae molted 4 or 5 times at 15°C, 5 or 6 times at 18 and 21°C, 6 to 8 times at 24°C, 6 to 9 times at
26°C, respectively. The prepupal period at the temperature 15 to 21°C was long, nealy equaled on larval
periods at that temperature. The significance of temperature for development of immature stage and

geographical distribution of this insect in Japan is discussed.
Key words : Coleoptera, Curculionidae, Otiorhynchus sulcatus, Development, Temperature
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Table 1.  Hatchability,Rate of pupation and Rate of emerged adults of
Otiorhynchus sulcatus at various temperatures
Temperature( °C)
12 15 18 21 24 26
No.of Eggs 50 50 50 50 50 50
Hatchability (%) 56 52 78 70 70 70
No.of Inoculated Larvae 45 50 50 50 50 50
Rate (%) of Pupation? 733 880 8.0 680 2.0 2.0
Rate(%) of Emerged Adults® 94.1 477 100 735 (68.0)*  (60.0)®
Rate(%) of Oviposited Adults® 75.0  90.5 902 800 778 533

a) : No.of Pupae/No.of inoculated Larvae

b) : No.of Emerged Adults/ No.of Pupae

¢) : No.of Oviposited Adults/ No.of Emerged Adults

d) : Pupae which have just pupated on 21 °C was used the test.
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Fig. 1  Relationship between temperature and development for Otiorhynchus sulcatus.

@ : time of development, O : developmental velocity

Table 2. Regression equation,developmental zero and thermal constant of each stage of Otiorhynchus sulcatus

Stage ,2 Regression equation Developmental Thermal constant
Zero (°C) (degree days)
Egg 0.995 V=0.00536392T - 0.0339179 6.32 186.43
Larva+Prepupa 0.982 V=0.00048502T - 0.0011905 245 2,061.93
Pupa 0.996 V=0.00546907T - 0.0333063 6.09 182.85
Preoviposition Period 0.931 V=0.00175103T - 0.0147836 8,44 571.10

V; Developmental velocity, T; Temperature
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Fig. 2 Relationship between temperature and developmental velocity for each instar larvae of Otiorhynchus sulcatus.
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Table 3. Developmental period in each instar larvae of Otiorhynchus sulcatus at various temperatures

T - Inst:
=pea fstars Developmental Period (Days) of Instar Larvae
ture Number
1st 2nd 3rd 4th 5th 6th 7th 8th 9th 10th
15°C 5 12.0 11.0 12.0 18.0 21.7
6 12.0 11.6 12.6 13.3 14.8 13.1
18°C 6 9.0 10.3 8.8 11.2 15.9 14.2
7 10.0 9.8 10.3 10.3 12.3 12.3 9.5
21°C 6 8.0 7.5 8.0 9.0 14.0 14.5
7 8.1 84 9.0 9.0 10.8 14.4 115
24°C 7 7.0 7.0 7.0 9.0 12.0 10.0 14.0
71 8.4 7.2 7.5 9.4 10.0 11.8 18.0
7.7 10.3 8.3 7.3 10.0 10.3 13.7 28.7 ?
26 °C 7 6.0 7.0 6.0 8.5 9.0 12.5 13.0
6.9 6.5 6.6 74 8.6 12.4 20.2 33.8
9 6.5 5.5 7.0 7.5 9.5 15.5 13.0 48.0 ?
10 7.5 6.5 6.5 7.0 10.0 12:5 18.0 55.0 31.0 ?
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Fig. 3  Relative frequency in the final instar larvae of Otiorhynchus sulcatus at the temperature.
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Fig. 4 Relationship between larval period and prepupal period for Otiorhynchus sulcatus.

M : larvae, [ : prepupae
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Fig. 5 The change of temperature on Hiratsuka city Kanagawa
prefecture from December 1983 to December 1984.
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. Table 4. Monthly average air temperature (°C) at some locations in Japan.
Location Apr. May Jun. Jul.  Aug. Sep. Oct. Nov.
Sapporo 6.4 120 161 202 21.7 172 108 43
Aomori 76 130 168 209 229 184 120 62
Sendai 10.0 14.9 183 220 241 201 144 89
Karuizawa 6.3 115 153 190 202 157 92 41
Matsumoto 104 156 193 231 241 193 123 68
Shizuoka 14.6 185 21.8 253 267 236 183 135
Osaka 14.6 19.2 23.0 270 282 242 183 129
Fukuoka 146 188 22.3 269 276 237 182 130
Naha 21.1 23.8 26.2 283 281 272 245 214

CHEGENRR OGN SN, ZhIIFTEMI- L5, 9
HOBBLEES LT 3TENAH B EELONS,
RRER T, BWHHEBOEBIHEL Lh 722, B
Bh6, 1I8CTEHE - AR EENIZKE{EELA
7oo 4B X UCTHRUZS#, 98, 1080SH
i3, BRICBWT, BHRIIIARh G2 &
5, ThoEEBTICET 2 8BEELELI LN
5,

21CTHRAL L 728 % 243 K UR26°CIiB L - KRR T
&, 24°CT68%, 26°CT60%DFULL T B, ZDHE
By oIIcR T 5RO EIYRBLD §3EH, I
LEVEEZ OGNS, FRBROISCTORLEHL7.7%
LELS Ao T3y, Hii - 2K (1991) OWMETIE
15COIULEIZI00% L > TE D, FREDI12°CI:
BUAPHLERMI% L B> TWB I NG, BEIC
KBAEEUNOBERIZLD, BOIHLRIZ A1 F
Abha,

FREB ORI &I, KEOENFHARMIIE 1 4
AU EEEW, ZDZ L3, KROBKBRNELITFEHE
Thd, PRIZEPIZEET I ENEHELIZC WY
7%, ROENATHE PR RER A RIERT S 2 &I
&0, PRIZIIIHELDPELTHILNTE, £
7o, RMRBBOREBEE DA T5 I LATHEL
Ez26N5, THLEIZ, ARBRTRENEREFES
EREADHERE I URHORSET - 40 6 HE
A TH 5, -, BEARBROEINFMBEEIZON
T, B - AU (1984) 3, KiB12~14CEMEBEL T
WaZens, FREEHRICKERERGET 52
BEiH 3B,

Table 4 IZEMY K XAFEREER (1994) » 6, &
AEOELEFHBEAND 4 A2 51170 £ TOKIELF
RL7=, FigSiomahs ki, HuBR&RLow

1 ~3CaEV, FRBOJBREBRFRORE T — 4
o, HHENZBT 2 AROSMEHET 5 &, A
BREREHLETIIRE LI L, A, ity
b LUBHR, MAEOEEHEOHUR TORAE S
BLEBTHAS, 7=, AEBHDETREL L
LTE, HORBROHEIIL D YEI L ORETER
WRIES BB LRSI, KEAHEFL B LLLNT
b5,

5 B X #®

CraM,W.T. (1965) Fecundity of the root weevils Bra-
chyrhinus sulcatus and Sciopithes obscurus on strawberry
in laboratory and outdoors. Can. J. Plant Sci. 45: 169-176.

Essig, E.O. (1931) A History of Entomology. The Macmilan
Co, New York. 1029pp.

Essic, E.O. (1933) Economic importance of the genus
Brachyrrhinus (Otiorrhynchus). Mthly. Bull. Calif. State
Dept. Agric. 22: 397- 409.

Evennus, H.H. (1978) Bionomics and control of the black vine
weevil Otiorhynchus sulcatus. Med. Fac. Landbouww.
Rijksuniv. 43: 607-611

ALEERERGRAT (1994) ER S EEOREIIHANA
EETNERER, LB 61 (2) : 30-33.

mEFE (1975) Yk aw gy AVEHDOEREL
B&. HEMIRAE 29 273-275.

HRINEREBERRE (1984) #RNIBRABERRD
K[EAW

Hig # (1982) BAMPEREhIHEEFRE-V v A
YHAEHRLE UT—. HYIBIE 36 299-304.

Masaki, M., K. Oumura and F. IchiNnoHE (1984) Host range
studies of the black vine weevil, Otiorhynchus sulcatus (F.)
(Coleoptera:Curculionidae). Appl. Entmol.Zool. 19(1): 95-
106.

B - 2AE—E (1991) =v Yy Tuysitkd
XU OF T LIVEBEUOCFT VU A ERE
MUY LAVHROEE. BYhEmARHERE2T:
7-11.



19953 A

B K XU F T VULV ORBLEEICKBHE 45

BAKM - Hig 3 (1983) XU oF 7YYL 0
A HE & BARR. NEEDBAE 37 380-386.

PenmMan, D.R. and R.R. ScotT (1976) Adult emergence and egg
production of the black vine weevil in Canterbury.
N.Z.J.Exp.Agric. 4: 385-389.

Swmrrh, F.F. (1932) Biology and control of the black vine wee-
vil. USDA Tech. Bull. 325: 45pp.

Stenth, C. (1979) Effects of temperature on development of
Otiorhynchus sulcatus (Coleoptera: Curculionidae). Ann.

appl. Biol., 91: 179-185.

HA@E - AR (1983) v r s F T vy ay
Otiorhynchus sulcatus (F.) (ZB83 287, WIS
HAEMERES 19: 1923,

KeIAEM - LI — (1984) ¥V r o F Ty oy
Otiorhynchus sulcatus (F.) (2B 5872, 2 BARBRD
O, NIRRT R A AEE 200 73-75.

HHEEE (1957) RROREER. HASHBMRRES
#1: 4652



