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( Olivier) ( Coleoptera: Curculionidae) in Shanghai
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Abstract: The invasive red palm weevil (RPW) , Rhynchophorus ferrugineus ( Olivier) , native to Southern
Asia, is becoming a serious invasive pest of palms in China. In order to understand how well the RPW
survives under cold temperature, with materials from fields in Shanghai we determined the supercooling
points ( SCPs) with supercooling point determinator and the degree of cold hardiness in environmental
chamber at low temperatures, simulated field overwintering test in Shanghai, and analyzed the north limit
for overwintering of RPW. The results indicated that SCPs of the RPW were significantly decreased as the
developmental stages increased. Adults had the lowest SCPs, followed by 9th, 5th and 1st instar larvae and
eggs in an increasing order. The viability of various developmental stages in the RPW was measured in 6,
24, 48 and 72 h, and the relationship between the survival rate and low temperature could be fitted with
logistic model significantly or extremely significantly. Ltemps, ( the temperature that results in 50% mortality
of the experimental population) was increased as time prolonged at all stages of the RPW. At 72 h after
treatment, Ltemp,, values of eggs, 1st instar larvae, Sth instar larvae, 9th instar larvae and adults were 1.
61,-1.67, -2.39, —2.40 and -0.40°C, respectively. This result showed that the larvae had the
highest cold hardiness, followed by adults and eggs in order. The above data indicated that the correlation
between the cold hardiness and SCPs was not uniformly positive. Thus, we speculated that either adult or
larva could be possible stage of overwintering for the RPW. The field overwintering test also showed that
survival rates of both larvae and adults were above 60% in continuous two years (2007 and 2008 ),

suggesting that the RPW could overwinter in the field in Shanghai. Based on the results obtained and
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distribution of the hosts of the RPW, we tentatively inferred that the northern limit for overwintering of the

RPW is proximate to 35°N or where the average low temperature in January is around 0°C.

Key words: Red palm weevil ( Rhynchophorus ferrugineus) ; supercooling point ( SCP) ; cold hardiness;

overwintering; palms
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Table 1 Mean supercooling point of the red palm weevil,

Rhynchophorus ferrugineus

L S

WRHHR(C)

Developmetal stage Sample size  Supercooling point
9 Egg 20 -5.920.97 a
1 #4405 1st instar larva 16 -6.42£1.38 ab
5 340 Sth instar larva 17 -7.19%1.59 b
9 #4111 9th instar larva 16 ~7.43:1.65 b
24 113 Whole larval stage 49 ~7.02£1.57
s Adult 14 ~11.84+1.45 ¢

R ETFIHEE I B+ PRAERE s Al — 5 oh B R R 5= 8k
Duncan KZH LK ZEFEE (P <0.05), Data are presented as mean
+ SD. Means in the same column followed by different letters are

significantly different by Duncan’ s multiple range test (P <0.05).
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Table 2 Temperature-survival logistic regression model and Ltemp,, in different developmental stages of
the red palm weevil, Rhynchophorus ferrugineus at selected time

P AbFEE ] (h) Logistic 72 2 Ltemps,
Developmental stage Treatment time Logistic regression model (C)
59 Egg 6 S = 88.8756/(1 + ¢ =0 1341-0.6679) 0.99 * -0.20

24 S = 72.8141/(1 + > 4804-2.5353 0.99 * 0.98

48 S = 67.7783/(1 + 5021 -4.7725 0.99 ** 1.57

72 S = 59.4459/(1 + 59048 -4.2855 ) 0.99** 1.61

1 #$4)j H 1st instar larva 6 S = 97.9273/(1 +¢~5422-1.3334) 0.99 ** -4.07
24 S = 92.8696/ (1 + ¢S -1.734 0.99 ** -3.41

48 S = 83.4010/(1 + ¢ ~6-9008-2.7680t 0.91* -2.49

72 S = 81.9100/ (1 + ¢ 1446008648t 0.96** -1.67

5 #4h . Sth instar larva 6 S = 98.0619/(1 + ¢~ 111117 -2.6760c 0.99 * -4.15
24 S = 95.5740/(1 + ¢ ~8-201-2.2716t 0.99 ** -3.63

48 S = 88.0594/(1 + e 59476 -3.9621t 0.96** -2.51

72 S = 81.0111/(1 +¢~*5792-1.9089% 0.93* -2.39

9 44} 1 9th instar larva 6 S = 98.6701/(1 +¢ 58163 -1.347 0.99 ** -4.31
24 S = 95.8455/(1 +¢ 89633 -2.38%¢) 0.99 * -3.71

48 S = 89.2598/(1 + ¢ 12308 -4.8739) 0.96** -2.54

72 S = 83.1366/(1 + ¢~ +22-1.7865%) 0.93* -2.40

AR Adult 6 S = 103.1378/(1 +¢ 18931 -0.6952) 0.94* -2.72

24 S = 99.7222/(1 + ¢ ~948%02-48.13651 ) 0.99 * -1.97

48 S = 96.7593/ (1 + ¢ ~463-3138 -238.0721r 0.99 ** -1.95

72 S = 92.8408/(1 +¢ 17323 -4.340 0.99 ** -0.40

* FRIEL A logistic KRB E(P <0.05) ; ™ FRIELA logistic X EMBE (P <0.01), * indicates significance with logistic model (P <
0.05), and ** indicates extremely significance with logistic model (P <0.05).

x3 OREKPE LM XA Z7FEE (2007 02008 £)
Table 3 Survival rate of the red palm weevil, Rhynchophorus ferrugineus in the field in Shanghai during winter (2007 and 2008)

‘ ‘ AbTE oy G

T ] LS BOReRfiE]  HECRER (d) R (%)

Number of Number of
Date of burying cocoons Developmental stage Sampling date  Exposure time Survival rate

test insects survival individuals

2007-12-20 ZEHi 4l Larva in cocoon 2008-34 76 40 27 67.50

2007-12-20 R Adult in cocoon 2008-34 76 47 29 61.70

2008-12-28 LEH 4 Larva in cocoon 2009-3-15 78 45 29 64.44

2008-12-28 KA HL A Adult in cocoon 2009-3-15 78 48 30 62.50

1996; Esteban-Duran et al., 1998; ¥ { ¥ %,

3 itig 2002) . Salama % (2002) ff i % HAE SR B AHHLIX
AP 21 R, XA S KR RRA T

AL R EF T E A (WS 55, 2006,  FPBEAE—F P RPEr=00, M xE s RP 3 i A E
2008) , B—FHFR M, ERFHXEFELE &, XNHEABERMIENEES . EXZRTEBRL K
(Rahalkar et al., 1972; Cox, 1993; Avand Faghih, M EH N BRI T2 8, EET G X 5
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