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Abstract: [Objectivel Thalassodes immissaria Walker is one of the most important pests in litchi and
longan in China. They mainly feed on the young leaves of new shoots of litchi and longan, when they
occur in large numbers, the new flowers cannot grow, and they can also feed on flowers so that the trees
cannot bear fruits, and the larvae also can feed on the functional leaves during the fruiting period and
causes a large number of fruit falling, which seriously threatens the production of litchi and longan. The
biological parameters such as effective accumulated temperature and developmental threshold tempera-
ture can reflect the adaptability of insects to environmental temperature and can be used to predict the
geographical distribution and generation of insects. The experiment was carried out in order to clarify
the effect of temperature on survival, growth and reproduction of 7. immissaria, and provide basis for
prediction and comprehensive control of this insect. [Methods] 7. immissaria populations were artifi-
cially reared at five constant temperatures (20 °C, 23 °C, 26 °C, 29 °C and 32 °C) feeding with litchi
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shoots [14 h:10 h (L:D) and (75%+5%) RH], and the survival rates, development duration, adult lon-
gevity and fecundity in each temperature treatment group were measured and compared by the age-
stage two-sex life table. Based on regression analysis and direct optimization, the developmental thresh-
old temperature and effective accumulated temperature of different developmental stages were also cal-
culated. The 1-day-old eggs collected at the same time were placed in a plastic rearing box of 15 cm x
11 ecm x 7 cm. The lid of the box was drilled with small holes for ventilation, and a paper towel was
placed in the box. Larvae hatched at the same time were reared separately and labeled, which were fed
with the young shoots of Feizixiao, a famous variety of litchi. The survival number of each developmen-
tal stage, egg hatching time, larval molting and pupation time, and adult eclosion time, were recorded
under the different temperature conditions. After pupae emergence, the adults were fed with 10% honey
water, and the adults emerged on the same day were fed and mated in groups in accordance with the ra-
tio of female to male 1:1. The female adults were separated into boxes to lay eggs the next day, and the
tender shoots of litch were placed at the bottom of the box for laying eggs, the base were wrapped with
wet cotton. The number of eggs laid by the female and the lifespan of the adult were recorded daily un-

til the females died. The parameters of the population life table were calculated according to the follow-

—rx+1)

ing formula: Intrinsic rate of increase (r): Ze
x=0

l,m, =1, net reproductive rate (R,): Ry= lemx , fi-
x=0

nite rate of increase (A): A =¢', population doubling time (D,): D,=(In2)/r, mean generation time (7): T =
(InRo)/r. [Results] 7. immissaria could complete its life cycle under the temperature from 20 °C to
32 °C, and the developmental durations of different stages were negatively correlated with the tempera-
ture. The developmental durations of egg, larva and pupa of 7. immissaria were the shortest at 32 °C
(2.29, 12.48, 6.10, respectively). In addition, the temperature had significant effects on the survival rate
of this insect. The survival rate of this pest was the lowest at 32 °C, especially the 1st instar, was greatly
affected by the temperature, which was less than 80%. In addition, the longevity of female and the num-
ber of eggs laid per female were also the least (125.20+29.38 eggs per female). The experimental popu-
lation life tables showed that the » values were (0.08+0.01), (0.08+0.01), (0.11£0.01), (0.124+0.01), and
(0.10£0.01), and the values of net reproductive rate (R,) were (139.63+7.69), (142.09+10.38), (176.92+
8.52), (107.01+9.11) and (45.57+£5.21) at 20, 23, 26, 29 and 32 °C, respectively. The relationship be-
tween the developmental rate of 7. immissaria and temperature conformed to the regression quadratic
model. Based on the linear regression method, the developmental threshold temperature of the egg, 1st
instar, 2nd instar, 3rd instar, 4th instar, Sth instar, prepupa, pupa, and the generation time of 7. immissar-
ia were 3.84 °C, 7.54 °C, 4.48 °C, 10.71 °C, 7.70 °C, 5.96 °C, 15.65 °C, 8.25 °C and 7.68 °C, respective-
ly, and the effective accumulated temperature were 64.30, 43.26, 56.66, 51.51, 66.23, 90.15, 19.70,
135.67 and 531.99 degree-days, respectively. [Conclusion] The development and reproduction of 7. im-
missaria were significantly affected by the temperature, and the optimum temperature range for its
growth and development and reproduction was between 23-29 °C.

Key words: Litchi; Thalassodes immissaria; Age-stage two-sex life table; Temperature; Growth and de-

velopment; Fecundity
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Table 1 Developmental duration of each stage before adult of 7. immissaria at different temperatures d
- " %)) 4 Larva
gfperature/ °C Elpgg L 21 3 Atie St E’ﬁr\ffupa fﬁpa

Ist instar 2nd instar 3rd instar 4th instar Sth instar

20 3.62+0.13 a 3.61+0.09 a 3.34+0.15a  5.05£0.41a  5.10+0.67a  6.29+0.47a  3.71+0.12a 11.23£0.99 a
23 3.58+0.06 a 2.7940.21 b 3.1740.05a  4.61+£0.17ab 4.58+0.40ab 5.0840.41 ab 2.40+0.06 b 9.86+0.32 a
26 3.01£0.16 b 2.1740.07 ¢ 2.50+£0.09b  3.48+0.20bc  3.59+0.16 bc  4.69+0.59 ab 2.24+0.05b 7.05+£0.58 b
29 2.51£0.19 be 2.00+0.21 ¢ 2.28+0.18b  2.80+0.40 c 3.13£0.23 bc  4.07+0.48 b 1.62+0.17 ¢ 6.33+0.14 b
32 2.29+0.24 ¢ 1.86+0.15 ¢ 2.13+0.11b  2.40+0.12¢  2.71+0.17¢  3.38+0.40b  1.34+0.22 ¢ 6.10+0.59 b

R CPEMEEAR R , [RIF) 5 AN RN FRER IR 22 Duncan [IRETENZERIRAE p<0.05 K-PZEFREFE. FR.

Note: Data present as (mean+SE), and different small letters in the same column indicate significant difference at p<<0.05 by Duncan’s multiple

range test. The same below.
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Table 2 Adult longevity and reproduction of 7. immissaria at different temperatures

B 7 e W 5 T

Temperature/°C Female adult longevity/d Male adult longevity/d Adult preoviposition period/d ~ Mean number of eggs laid per female
20 20.60+3.21 a 17.52+1.35a 2.50+0.14 a 234.00+10.79 ab

23 21.14£2.31 a 17.88+2.65 a 2.33+0.10 a 265.00+27.84 a

26 16.30+2.06 ab 15.36+0.89 a 2.11+0.16 a 280.50+37.91 a

29 12.06+£2.11 b 12.67+2.63 a 3.05+0.57 a 221.50437.44 ab

32 10.00+1.69 b 8.50+1.75b 2.80+0.24 a 125.20+29.38 ¢
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Fig. 1 Age-stage specific survival rate of 7. immissaria at different temperatures
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I.. Indicates age-specific survival rate; f,. Indicates age-specific fecundity of female; m.. Indicates age-specific fecundity of population; /m.. Indi-

cates age-specific net reproductive rate of population.
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Fig. 2 Age-specific survival rate and fecundity of 7. immissaria at different temperatures
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Table 3 Life table parameter of 7. immissaria at different temperatures

IR (R

Net reproductive rate

T A (D

Mean generation time/d

FEEAT I 8] (DD
Population doubling time/d

ict;3 WK G JE PR (D
Temperature/°C Inrtinsic rate of increase  Finite rate of increase
20 0.08+0.01 ¢ 1.08+0.01 ¢

23 0.08+0.01 be 1.09+0.01 be

26 0.11+0.01 ab 1.12+0.01 ab

29 0.12+0.01 a 1.13+0.01 a

32

0.10+0.01 abc

1.11+0.01 abc

139.63£7.69 b
142.09£10.38 b
176.92+48.52 a
107.01£9.11 ¢
45.57+5.21d

65.05+6.41 a
59.54+4.11 ab
47.15+4.10 be
39.2244.07 ¢
34.79+391 ¢

9.13£0.90 a
8.33+0.58 ab
6.31£0.55 be
5.82+0.61 ¢
6.31£0.76 be
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Table 4 Forecast models based on the developmental rate () and temperature (7) in 7. immissaria at different

developmental stages

2R [A1JH Quadratic regression

28171 ) Linear regression

REME 7 — — - - — — -
Development stages ~ — V¢ EPE Xt T2 A 2 [m] ) R T AL
Regression quadratic model Significance test Linear regression model Significance test
yp V'=0.000 77° - 0.021 5T+ 0.420 5 R=0.971%* V'=0.014 77 - 0.037 4 R*=0.945%%
Egg F=33.805 F=51.114
184 V'=-0.001 27>+ 0.083 17~ 0.920 0 R*=0.9927%% V'=0.02227-0.149 3 R*=0.959%*
1st instar larva F=129.290 F=69.412
2 b4 by V'=-0.000 57 + 0.043 57— 0.399 3 R*=0.982%* V=0.017 2T - 0.066 1 R=0.972%*
2nd instar larva F=56.256 F=103.627
3 A V'=0.000 87° - 0.021 17+ 0.314 2 R*=0.984%** V=0.01877-0.189 5 R=0.964**
3rd instar larva F=60.853 F=79.207
44l g V'=0.001 87° - 0.067 4T +0.848 5 R*=0.991%% V'=0.023 87-0.304 8 R*=0.986**
4th instar larva F=107.414 F=213.100
54l ¥'=0.000 37° - 0.006 37+ 0.158 3 R*=0.984%** V'=0.010 87— 0.058 2 R=0.972%*
5th instar larva F=60.271 F=105.217**
#yh V'=3.508 2E-57°-0.001 47+0.000 6 R*=0.997%* V'=0.00327-0.022 3 R*=0.996%**
Larva F=43.572 F=676.638
T V=0.00297°-0.10297+ 1.197 5 R*=0.974* V'=0.047 2T - 0.702 4 R*=0.930%*
Prepupa F=37.627 F=40.045
L V'=-0.000 37° + 0.002 2T - 0.241 4 R*=0.954* V'=0.006 37 - 0.028 4 R*=0.933%*
Pupa F=20.871%* F=41.628

VE VR TOIMGIRE . * RN SR AL p<0.05.p<<0.01 /KT EFEMR.

Note: V. Developmental rate, 7. Environmental temperature. *, **. Significant correlation between temperature and developmental rate at the p<<

0.05, p<<0.01 level, respectively.
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Fig. 3 Relationship between temperature and developmental rate of 7. immissaria at different developmental stages
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Table 5 Developmental threshold temperature and effective accumulated temperature of 7. immissaria at different stages

B 28 [7])47% Linear regression method

B %A% Direct optimal method

REME KITRAREZ AR ) N —— AR )

Developmental Developmental Effective A5 R H ]%i \’E/jelis‘mrr\:;}fl Effective A 5 AL

stage threshold accumulated Coefficient of thresholl) d accumulated Coefficient of
temperature/ temperature/ Variance, CV/% temperaturc/°C temperature/ Variance, CV/%
°C cc-d cruperatire “c-d

99 Egg 3.84 64.30 15.21 3.46 65.43 20.17

1 #4141 1st instar larva 7.54 43.26 16.27 8.35 41.31 29.04

2 ¥ 4%)1 4 2nd instar larva 4.48 56.66 14.99 4.86 55.64 23.36

3¥44) 4 3rd instar larva 10.71 51.51 23.20 10.21 53.24 29.80

41%4) 1 4th instar larva 7.70 66.23 20.53 7.35 67.55 26.05

5144t Sth instar larva 5.96 90.15 20.97 5.22 93.56 23.37

#)j i Larva 7.11 311.56 42.65 6.84 316.21 25.74

Tl Prepupa 15.65 19.70 24.11 14.17 22.73 43.83

1 Pupa 8.25 135.67 30.30 8.52 133.56 28.32

AR Generation 7.68 531.99 58.18 7.55 535.88 26.88

3 W @ 73 INTH FHEIN AR (M A o 28 3 A2 A F 7 s 48

> !

AN, B 5 ol e A, PR 5
RER S B B AR K VR T VB
&, YUE B UMEEECE B A, TR R HUE
BN ATAN 22 BE IR 5 B R Y 2 B R AR VR A I
I XN A Re4EFF IEH KB 5 EE" . 1£HARMEL
N EE G KR E 1RO A, B o I
THE R BRI 5 AR, K% R (Ect-
ropis grisescens Warren) " K 1& #r HL (4scotis sele-
naria)™ . KIEHE (Galleria mellonella) ™ 1 5L 5T 1%
% (Spodoptera frugiperda)"*" {1 UF . ) L i) K B
P13 39185 R P52 ) T v T 4 R i B o) b3 4 At H
B S HSIAATE R VKB P B 1356 B
SO o IR, 50 TR 28 RO 6T P 455 Ui B2 ) 2 7 44
H BT 1 AR WA GRS « AW 745 KR B, 20~
32 °C , IR 2R R & SRR IE R K B, KB 1
W3R P2 PR T v T 406 5 iR B v, R BB R . i
FLaE REIRMY SR R 5728 I Fe 4 R —3.

A R B UM R AR A A A BTy
TR M B A A R M SR AR BRI P B G K
AR TFIRIR, AR FH LR BA 0 EEN
B AR UMM N T, ZBE T IEEME S
W SHARAL, , TEIRRE A IR B HR i) AR A DA A M KT Fof
TSGR ) 2 e 4, 777 3K B 27 3 Chi SV 37 1) A 18 -
B B 1 A= i e 5k Ab A G A Ar RN L, 780
F T B B (0 68 S 24 LR A AR R
DR, AT DURS i R A B Ui Ak, TR 2 A B

BB BO AR 2, A0 A AN IR RE TIOREL IR AR ROk
(IMPEENAS LA R R R RESH, S5 R B MR R R
0% O 4y RO  F A7 3 256 o o U PR P T ol s B
32 °CAHLF 1 t& %)) L (R A7 Z2AIK T 80% » 111 i 1Y A7V
FART 40% .. Fifi 4 5B 1R T v, RH R 3 RO 1) S
J1A — € B3N, 32 CC AL BE I FLME ™ B & L
TR R AR BT ) AR AR R — R IR BB ) S W
I T A B A . AR B OGS IR T 52 A
], R IAE ATV 2 A LA ) 5, = i UK 85
AT B HRAEIE S5 EHH . AR TE 45 AN R
TR AR R AR B D R AT A AT 4
HT,32 °CHEAF TR 2R UK 1R F 23~29 °Cif
EROE G HFEERE . | AR IR = XA 5—
7RARO—11 H, SR A AE 23~29 °CTE Y, H
TE A 53X PR A I SR 8 20 ROk i 2 7 5 A 0 3
AHIF 7T 45 B -5 A R N Sz B R A A AR 77
BHUR B R SR A SRR RS R A
Kk B AR ] T HE S AN T B 5 AR I s
— AR P SO AR, 1 T e B e 5 U
IR 7] S ™ A Tt R, ik a5 R
U i s A 12 28 RO &% S B R B s 2R 5 TR Y O%
Z, RAR S FH IR B AR A0 % S R Bl AR
HEAT T o KR 3R R 1~2 W8 4 s MRS, 3 A DL
EAMARE R, B EORHS, S FE . DR, AR AR
BTN 4 ) R B B ERR AR S BT VR . AHIF AT
FHOR RS 2R R B9 R 2 04 41 HRU) O B S IR FE ARG, 40
A 3.84 °CH1 4.48 °C , 3 B 1% HLUPR AN 2 58 %) 0K
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