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ey 1FE 2 1 N 1 \ 1 \ 1, 3%
E AN Rr#E AW #wHUHE IXRK
(L R AR 0 SR HE SR E, | RELF ARG TR O, SRR K
FRERAAER, M 5106425 2. WL K2EILA (T ) MARLDBFFEBE, U7 276034;
3. BEF BRIV B R S E AR RE LR E LA AP0, K4 525099)

B E [H®) WHIHAFEEX O] AR Serangiella sababensis " K % & FUEFLIEEN, MW
MR REL R FER Ak HE, [ 3R] 76 17, 20, 25, 30 Fl 32 CHUMEIRSMET , WE v Ul ) 4 51
BT RRE T I, MR ERAIRE | AR GRS [ER ) BRI R A=
BAE 25 CIHHRE, 73014 80.78%+6.42%F1 (284.00£59.71 ) *i, }Mﬂk BRHEME R IWIE 17 Cr)
1 (57.06+1.28 )d, 30 °CHIE( 13.85+0.12 )d. A AT R & B a5 R FG RO 43531 R ( 11.29+1.86 )
CHI(271.40+34.44) H -, £ 25 °CHE, YERLIIMHE0 Eﬁﬁa‘%ﬁﬁ«%i‘ﬁajj Rof s, WELHK A 1, 76 30 °C
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Effects of temperature on the development and reproduction of
Serangiella sababensis Sasaji (Coleoptera: Coccinellidae)
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Abstract [Objectives] To determine the effects of different temperatures on the development and reproduction of
Serangiella sababensis, so as to provide information to guide the use of this species as a biological control for Bemisia tabaci.
[Methods] The survival rate and developmental duration of S. sababensis were measured at constant temperatures of 17, 20,
25, 30 and 32 °C, and the development threshold temperature, effective accumulated temperature and life table parameters
were calculated. [Results] The survival rate 80.78%+6.42% and preadult fecundity (284.00+59.71) eggs were highest at
25 °C. The developmental duration from egg to adult was longest at 17 °C (57.06+1.28) d and shortest at 30 °C (13.85+0.12) d.
The developmental threshold temperature and effective accumulated temperature in the preadult stage were(11.29+1.86) °C
and (271.40+34.44) degree-days, respectively. The net reproductive rate (R) was highest at 25 °C, and the intrinsic rate of
increase (r,) was highest at 30 °C. [Conclusion] 25-30 °C is a suitable temperature range for raising S. sababensis.
Because this is similar to the preferred temperature range for B. tabaci, S. sababensis has high potential as a biological control
during B. tabaci outbreaks.

Key words Serangiella sababensis; temperature; developmental duration; fecundity; life table; Bemisia tabaci
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WAy B\ Bemisia tabaci ( Gennadius ) J& -
H Hemiptera #y 5\ F} Aleyrodidae FEH, H 20 i
28 80 ARULLE, MMy ELZAETT | B A AR Y
B, TE A BRI R A A% R £ S (AT A 55
2004; Liu et al., 2013 ), HHEHA % 3G
J7 L B R R AR B 2, CChERR
Al AE PR B RE Rz — (5RMIEE, 20155 &5
FABAE, 2020)

JE Ry ORI Y EAE, A
Fr. i, 2 RHAA IR (Perring ef al.
1993 ). [mIEF ARy EUHE T K658, 551 RIS
B R AR SEmREOG AR CREMRFIEK A
%, 2018; KAEE, 2020 ), B Rk EEGEE
Hb, JEA EUL BEAL R Z MR T, XA JE e
fad GBS, 2018; 5T OYEAE, 2020), A
Ky B PR T AR LA 2y (SR EE
4, 2019), SR BLAIHTLGTE & R (15
Z, 2014), HALPARZG 0 AR AN PR B i il
W, PR AE B ia R HiRy B IA 1Y R A 5T 7
i (ALWUHESE, 2004 ),

FE R B KRB R B L, HETE &3
BPERE 109 Fh, FEHPAL, FIES | g |
A RS (IR, 2020 ), HAHEHE
Z W5 IR/ NR I Delphastus catalinae . 7~
M A AL AR H A TI M BN Serangium  japonica
Chapin FNR (47 80 . Axinoscymnus cardilobus 55

(ALMRESE, 20045 BEHRSE, 2008 ). Vb EL4UT]
S Serangiella sababensis Sasaji /N2 5[
W HATI A B0R RE BUREL Coccinellidae JJ )
L% Serangini, J5 = F 2 g PSRN , S #AGH |
PR b DRy B E IR A HB AR $A R, 2003 4F
FIHEZ AR, XA BUCA R 4F 1 ROR
(e, 2012), HICTIR XD AT M
Hu A sEe S AR MR v R A iR o PR, A
58 LA B\ R 27 3 A 0 B 4800 ff S A AN [ R
AT AR R B ST, I g AN [RlfE e i
FET By A naR, LA Avb A48T #A B i 0 A
P AL A S AR R AR AR

1 #R5ETE
11 fHR AR

WK B EELLAS R Codiaeum variegatum
A EARUESR, I TR A RO E B ARG
TRERESE O E E NIRAF o

AT A BRCR A BT R X R Pk
Hibiscus rosa-sinensis £fAtHr , VIR [ ARAS EL
AU AU SR, R TR . SR IE K
PFACE NIRIE (26£2) °C, JEAMI L : D=14 : 10,

12 BEMNDEHNANMBREKZ TR

W47 A Y BT AR S O B o R b
FRM A UELE L, FEUEAR LI LI K AR, i
ANTAMEF (A L : D=14 : 10, RH:
80%+5% ) 1, #E 17, 20, 25, 30 f132 °Cit:
SAMEIRANE, FERACFRECEHLEE 100 ki, B4k
PRUEE 4 NI, B H WL 2 REIAIIHE RSB .
BRI 2 AR EE R AR (1.1 omx
5.5 cm ) H, DARIFAC [ A MR w5
BILAT BUAS O FARAE ZESE 1T, A H e 1 B g
Rk, B H LS 2 kel iU AR K & B HE R RIA7 G
THoL, HEPk.

1.3 BEXERIIIEE R EERN

REGBEE 17, 20, 25, 30 il 32 °CHk 54>
TEYRALEE , SERM L - D=14 : 10, RH: 80%+5%.
P R BE 25 T PR S R 7 B 480 T A I
MR AE 4-5 d BCH, FFE TR ($=6 cm )
W3R, AR AL BRLEE 12 X, BRE
PR 1 YORTEEERL, I8 H IS IE SR R Y ™
GNRTHT . R A7 B0 i S ST S L, A
TR A TRIET
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ANOVA LT B R 5 22508, IFH Tukey ¥
AT W E MR (P=0.05 ),

K AT A SRR R A S
4 (2018 ):

T=C+KV

K NAESBIR; CHRBERAEE; VAR
BHE, ERFMNEE, TR E.
Fi i Birch (1948 ) M iEA AN [FIRE T b
BT EOR SR AR AR A e, 280 A
T o TR Ry =Y Lm s WEK R, =
IRy e T = 2

mex

BRAR =™ o x NFEFERY . [ WFHIEAFE i
A7 AN oy HMEZ 7 MR

2 GR59H

B EXD BT AR EEEN RN
TEA [ BE R Y0 L A8 T BB A% IS B0 77

21

R 1, WERLTI AR R F R R,
AN T) B4 L BE o HL A7 35 SR W i 3 (Fy, 5=
17.669, P<0.001), 7£ 25 °CH}ELdt AR A7
KK, N 80.78%+6.42%; 1E 17 °CHHR/,
M 20.00%+2.83%, 5 32 °C F A AR R
27.90%+3.01%JC i & 22 57 ( P=0.900 )., i InZs R
FEUIR IR = MR AR TV B8 T A AR

mEX BT BRI R A B BRI

ANFEE T EEI A RS RSN ET
I 2. FEIREN 17, 20, 25, 30 fi1 32 °C
T, VERU]AECRRE S BRI, 1 17-
30 CYEFN, VWEBTI AR A RSN LT
IRt I B B TH R I 4 %, 30 °C R R AT N
(13.85+ 0.12) d, BFMT 17. 20 F1 25 °C
(Fy 15=794.718, P<0.001), 5 32 °CF AR
AR EES (P=0.950),

23 DWEMTNANHALZEEAMEHRAER
TR A A SR R B SR E K&

2.2

x1 DEMNAMBERERE THEEE (%)
Tablel Thesurvivorship of Serangiella sababensis at different temperatures
WO 1 21 3 1 e fipupa R
Temperature (°C) Ist instar 2nd instar 3rd instar 4th instar Preadults
17 55.004+2.52b 68.45+8.71a  83.75+9.87a 100.00+0.00a 78.33+7.88ab 85.42+8.59a 20.00+2.83c¢
20 64.00+7.12b  80.68+7.30a  94.38+3.29a 100.00+0.00a 93.30+3.80a 100.00+0.00a 48.16+11.52bc
25 88.00+7.12a 93.91+2.03a  97.92+2.08a 100.00+0.00a 100.00+0.00a 100.00+0.00a 80.78+6.42a
30 81.00+3.42ab 92.50+4.79a 100.00+0.00a 100.00+0.00a 97.50+2.50a 100.00+0.00a 72.70+3.28ab
32 75.004+3.00ab 72.50+4.79a  92.71+4.30a 96.43+£3.57a 62.17£8.29b 95.00+5.00a 27.90+3.01c

FPEHE A EEARER R — SRS PR A AR RN FRERRTE 0.05 K E2ER AR (IR ANOVA Fi
Tukey £33 ). 2 2 [Al,

Data are mean+SE, and followed by the same lowercase letters in the same column indicate no significant difference at 0.05
level (One-way ANOVA, Tukey test). The same as table 2.

x2 VEMINANRERARERETHEZERE (d)
Table2 Developmental duration of Serangiella sababensisat different temperatures

IREE (°C) 1% 2 1% 31 4 % i SR
59 E . ) . . U Pupa
Temperature (°C) Ist instar 2nd instar 3rd instar 4th instar Preadults
17 13.88+0.36a  6.66+0.63a 4.72+0.11a 5.86£0.33a  14.94+0.85a 12.02+0.17a 57.06+1.28a
20 6.81+£0.27b  2.99+0.10b 2.24+0.08b  2.70+0.14b 6.32+0.09b  6.32+0.02b 27.31+0.48b
25 5.34+£0.17¢  1.88+£0.04cd 1.60+0.03c 1.68+0.03¢ 4.21+0.07¢ 4.05£0.02¢  18.77+£0.17¢c
30 3.91+0.16d  1.64+0.09d 1.14+0.02d  1.1340.05c¢ 3.02+0.05¢c  3.05+0.02d 13.85+0.12d
32 4.30+0.32cd 1.81+0.13cd  1.20+0.06d 1.13+0.05¢ 3.35+0.14c  3.00+0.07d  14.50+0.37d
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AP 3. IR B RSEERIK, N
(9.93£2.87)°C; 3 ¥4 AL & & R AR e
9 (13.1940.99) °C. BHURT IR & B A5
7 (11.29+1.86 ) °C, AR (271.40+34.44 )
H-JEE.

24 REXY BT AT HEEEAMFRRIM

U ELADLT Ay SR SR AR AN [ HR BET B 250
JiFnFEaw LA 40 VBT FA B B B B
HIRER TS 4%, 18 32 Chffes, (5.33+

0.29) d, 17 CHlfek, & (25.44+0.44) d. i
JEE XV B 480 3 S0 B 7 O A N Y
M (Fy 55=8.550, P<0.001), 7& 25 °CH}™=§ik:
i, 530 CHIi %2R (P=0.808); 17 °C
B =B ek, 5 32 CRI LR EHER (P=
1.000 ). V0 ELHLTT F S0HR ) i H o o i o O )
FHEmigEsE, 76 17 CHhii Havick, Mih %
firh (127.11£18.99) d, Hedi Hawly (205.67+
12.42) d; £ 32 °CHEH A A Ak, 4y
(40.56+2.42) d, HEH R (56.67+2.24) d.

®3 DEMINANRANASHELFTEAREMEHRIE

Table3 Developmental threshold temperature and effective accumulated temper ature of Serangiella sababensis

AR (H )

RHE B a9 5 RE MM (°C)
Development stage Recursive equation  Threshold temperature (°C) Accumulated temperature R
(degree-day)

il Egg y=0.012 0T - 0.119 6 9.93+2.87 83.00+15.04 0.954 1
1 #3418 1st instar V=0.032 4T - 0.367 0 11.33+3.46 30.87+7.38 0.924 0
2 4 2nd instar V=0.044 5T - 0.508 4 11.41+1.84 22.45+2.82 0.976 8
3 #& %) H 3rd instar ¥=0.050 2T - 0.662 0 13.19+0.99 19.93+1.52 0.9913
4 {54 1L 4th instar V=0.017 4T - 0.212 2 12.21£2.21 57.5349.25 0.963 3
1§ Pupa V=0.017 3T - 0.198 2 11.46+1.14 57.81+4.56 0.990 8
AR Preadults V=0.003 7T - 0.041 6 11.29+1.86 271.40+34.44 0.976 7

P R TR AL RE RN ORI KR - 3 (LA R

Data of threshold temperature and accumulated temperature in the table are mean+SE.

x4 DEUMTNHABRERREE THEENMNEG

Table4 Fecundity and longevity of Serangiella sababensis at different temperatures

B (°C) FEIRET (D
Temperature (°C) Preoviposition period (d)

FAHE IR ORL)
Eggs laid per female

W A (d)

Female lifetime (d)

I i 5 (d)
Male lifetime (d)

17 25.44+0.44a 41.3347.30b
20 17.91+£0.71b 184.36+28.36ab
25 7.75+0.45¢ 284.00+59.71a
30 6.08+0.40cd 230.17+£31.32a
32 5.33+0.29d 43.33+£5.54b

127.11£18.99a 205.67+12.42a

111.27+12.54a 163.27+14.01ab
125.42+11.60a 141.33+£16.69bc
82.75+8.37ab

40.56+2.42b

99.33+8.90cd
56.67+2.24d

R PR bR, TR — S B 5 AT AR ] 5 B3R 7E 0.05 K B 22 AR B3 (Tukey 2 ).

Data are mean+SE, and followed by the lowercase letters in the same column indicate no significant difference at 0.05 level

by Tukey test.

25 AREBETIEMTNARMHENERRSH

STV EE T 7 UL 480 T # S0 e f) S 56 R A
LR 5. VO] A S S R R G 5
Ro7E 25 °CH} (135.270 3) &, HIKE 30 °C

i (84.199 4), Ak Ky 17 °CH} (3.546 1), 1F
17-32 °CYEHIN, VAN]SRt
T BlE R RS S i 4a s, 17 °CHY (128.627 3)
i, 32 °CHY (35469 2) feffk. B K 7y
7E 30 °CHF (0.083 4) fm, HWKE 25 °C
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#5 AEERETHEUNATHENEGRSE
Table5 Lifetable parameters of Serangiella sababensis at different temperatures

1 (Ro) SR (T) BURRAR () JARREER R (1)

Net reproductive rate Generation time Intrinsic rate of increase  Finite rate of increase

i (°C)
Temperature (°C)

17 3.546 1 128.627 3 0.009 8 1.009 9
20 40.264 5 90.134 6 0.041 0 1.041 9
25 135.270 3 84.534 0 0.058 1 1.059 8
30 84.199 4 53.1777 0.083 4 1.086 9
32 6.3039 35.469 2 0.0519 1.053 3

BF (0.058 1), HflKA 17 °CHT (0.009 8 ), JEIFR
RS 7E 30 °CHT( 1.086 9 M, Hik 2 25 °C
i (1.0598), /KK 17 °CHf (1.0099 ),

3 HFHit5ig

S B AU KO B NS AR AR Y R
T Hosg i e oy o, B U TR AR X
A RELEFF AR & B ( Campbell e al., 1974; BR¥K
FEFRR, 2010 ). AT E T A [E)1H & G E
XS EAUIABOR AR LT - B AF R 0
oM, 5L, TE—EREIE RN, Y]
F PR B D RGP 1 TR s e L, X S
T ETES R NS L Stethorus( Allosstethorus )
parapauperculus 1 75 B H B H Menochilus
sexmaculates W) %8 P W Bl I 55 1) - v 328 T 4
FIRDT A R — 20 EREARSE, 20125 B RAE,
2016 ), VHEIT AR (1720 °C) Al
Fli (32 °C) AT, AR B AL AT
PRI IS , X W] RS A Ry B A IR s
AT R A A BRI, [R5 S FE T &
(Y RE i R IR BT PE 1 DLAERRHLAR AR ( Krebs
and Holbrook, 2001; Zhong et al., 2017 ); T
TSR BE R R U B, (HIRI /b T e
AR B IR 1 IR ET, SRR TR (%
FHEEE, 2015),

Az i 3 2 BURE XS Bl RE A R EAT 25 G IR Y
(Nisar and Rizvi, 2020), ABFFE4REN], ¥
ELALL T f BN S BE ) Ry R BHE ARy, 53
BITE 25 °CHI 30 °CHiAKAE ; 75 25-30 °CHf,
P AR AR, TEFITE 72.70%+3.28%-

80.78%+6.42%; MBP K& T 2 WU & T D TE
30 CHI &S (13.85+0.12) d; ZA DL FFeFRiN
1, 25-30 °CI2VbELHUT A B0 AR 20 Fn A K
KEBRIBOEIRE . M5 (2015) HE JH A
FR B TR X TE 24-27 °C, X 5 V0 8L 7] £A S Ay
Fom iR X EE, Wi, AR T e A5
A G Wl R FERT AR Ry B A A A

WA SR E TV ORI A R A KA E
FNEFE B, AV BT 0 (R 2
FON; AL SR, A OO BEMEY S
FoAb PR 2 s A ek — 2D R
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