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Effects of temperature on population of Carmine spider mite ( Tetranychus

cinnabarinus) fed with White mulberry ( Morus alba)
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Abstract: The effect of temperature increase from 15°C to 28°C on population dynamics pertaining to analysis on life table
and survival analysis of Carmine spider mite ( Tetranychus cinnabarinus) fed with White mulberry ( Morus alba) was
investigated under laboratory condition. Analysis using both linear and ‘ Wang-Lan-Ding’ models based on population
parameters was performed. Results revealed the increment of net reproductive rate( R, ) , finite rate of increase(\) ,intrinsic
rate of natural increase(r, ) , eggs laid per female per day, the reciprocal of doubling time for population ( Dt) and mean
generation time ( ') were all represented linear relation with temperature increasing, whereas the average life and the
maximum mortality age were both decreased with temperature increasing. Ratio of male/female and practical oviposition
duration were basically unchanged within the temperature range. The population selected ° trade-off’ strategy among
reproduction, development and survival. Threshold temperature of development (female ), threshold temperature of

reproduction and population growth, optimal temperature of reproduction and population growth, optimal temperature of
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development were approximately 8, 13, 22°C and 30°C , respectively.

Key Words: Tetranychus cinnabarinus; temperature effect; threshold temperature; optimum temperature

Bt AR T N VS B e, BN BEK F LA S S E R, T LUE SR E 1A
F P ek BB ERAE EEIENERY, EEERK, BREE (EH) BRSEEELNX
R (B AR REX, B TRENMHER, R T ERRELEXE, FIEEN T REWBET
B MAERIRR , ERERE N L AR T EANRE, RERETHRER, BXAmEERKI L
Fch, < -2 TR HSHESEE XA R . B, KR X B i R4 SRR
XK, ETFRANMETFEAEY, SRR N S ERERERED ARG T IREREZH
A

VEAESR , i TAE B AR 25 K B , R A A IR BBAL , KBS RAR T W, S BURE M i
FORMBREWEESR LN EEEERY , RE WM ( Tetranychus cinnabarinus ) 155 M35 R 7E R R 100 £
BRI BB ISR M A BEBENE % BN, —BRSEY - R85 3
13 77 T B8 A ABTEE, (BT IR B A7 K2 7= 09 3 Mok R G BRI SRR M6 1R B8 3 2 A M IS RE B . AL,
KRBT AR A« E-22-T B, S7ENFROK T - B AL R A RHE B8N B0 SIS AL, W IR B 5
HEH RPN , LU R ISR KR ZEDLEL, N2 44 A iRt — 8%

1 #RS5HE
1.1 iR

SRBD I i SE IR R S T B SRR B SR, 0 BB BEAR LI 2 BIE N AT 2RI I L T
DI B T SRS T 5 a 29100 /R ,2004 4E 6 A5 ALK R URMHER R BREKFH UL
R R B RN I ARERBH U ENATSEE R 16 ~23C ,6H A 16L:8D) By Fnt, it
HEE3 E 6 A, 78 20°CHEE LR AR 16L:8D & 4F T ik BaE 4 40 K,

1.2 Y

B Y J B (Morus alba) , GFH4 10 E SRR R FREITBIRE) . 24k 2003 4£153,2005
SEREHR, AT F ) B G — 3%\ SER R A AR AR R L E B, AR AR 2
1.3 HfrEis

BREB/EY W EIR NS, 78 80mm x 120mm x 9mm F H13% # (J& 3mm ) & — & 7 E 7% 30mm L.,
B FRER B 12mm BRI S R 55, G4 6 MEFREHERE, fURRH AITILSREER
30mm BT, P E TR b, AP AR, ARG &S, LUGRIE 57 208 i 3 b
AR

OB A RIEFRE, 101000 RN (FERVAERBEVBIRFRB RS &), TERG
HEEFFURBRABRBR SN /K WREHE 30min 147, )5 FIZEMEA M LE T ,60C TR T4/, SRASR
M AR T B SRk A ph s RS , 7E R4S ( XPB-01 B, YT RN ) 10 x 3 BAZ8 FWLER, iR £
E54,

FRMFEFIEMER 5 K, B T ORI AR 16L:8D 6 B34 B i N TS5 55 46 b (ZRX-
1000DC % fE AN TR FAE, MR IR B A RAR) , BB E N 80% , IR F N 15.18,21,25C Al
28°C 45 AL . AE I AIRIEE I RN (BIS J ZDR-20, WL K2 S B A7) , 308 48 30min 3T
F 1%, 15~21CTF 6h,25.28CF 2h J5 , B5E ME R, 1500 2 ~ 5 B, LA . FR 25 b 40 7T 43 P e i
JB BN A g (gy,i=1,2,,5,j=1,2++-,48) , 5 R 5 B AU — ot , 54 48 SEIB M .8 4
VLB A, MK 8:00 ~10:00 <RI R MR A T BEE =N E, R ) B RE AT R
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Hkiw, WA Z R BN . & 3d B 1 kMR, BREM)E, BT 2 RANEEE 12 1~EEH
h BB, 5 RS AR TR, B 2R , RIS MR R, B e L
1.4 HEEGtatr

AR ISR R A RBE ™ S ke ftit. A (g=1,2,-,5) Fefbivti: b, A 45 4 e B =
T MERBE KBS MR IR e DU T E M LR DLBE & b B iRiS s R P I B e A, ¢ 43
GirBripy oy s

#% Birch Al Southwood 75 ¥A IRAG FAHARMEAAF 7 (1) FRFAEAETE ) (my, ) J5 , AR AT B N B R R
ro R R T ETER R, FREEINAE 1] De ARG 2R AP BN R

X AN IR B AL TR B9 251 -5 MEIHE , 404 SRR AR A7 3R e A HE Bk A ] By R AR AR A7 BRI 45 7 0 B B
BHAGERRS(1=1,2, -, n) REERBEEFHRSTHE B LRSI NN EEEEE, IR TH
(n =) RERERE S AT ESHEMRES . % (1) XA RE“hE” (PSV) , #8# (FE
Visual FoxPro6. 0, F3#E17) &4 HIHE MRS EHY Jackknife FEA

PSV? =nxG,,-(n-1) xG,_, (1)

AH,6 = TRy Do\, n TR EEACTHA B 15 MUME S, G, R%E ¢ AT RS PNIET{E, G, ATE
TR, Bl | SHERREIR)E , BT (n - 1) /NHERE BT R R MR AT T H B A e R S B R i (E

%} Jackknife #£4<, 3% i Kolmogorov-Smirmov %51 Shapiro-Wilk # ( SPSS13.0) B AER)G , ¢ 405 ik ik
it
1.5 HfFam

P IE M2, AT R (2) B9 BAG /R (Weibull) SRS 41

S(t) =exp[ —(%)c] (2)

K1, 8(e) R ¢ LT3R, b ARESH,c WBRBH, c>1 B, F#EH Deevey FFIHRLZ 1 2,301
REFRIIGERY e =1 B AR A—FE, KRN D8 ;e <1 5,510 8, FET- 2B FIR 8R4
BRAT AR R — B S 5B ME B R B B R B IR FE T 7, 5 2 3o L AR L T R AR s B S8
TRAEF SR R, R AR BT X R B4R, BICA R RFAE R DR/ D4R IS , R RP B R ORSE T 40 . el
A R 37 SPSS13.0 F#E1T,
1.6 FMHAT(EH)IKFEE
EEEREEEN, BT (REER) BERSEEEAEXR  WHRG) .
y=a+bx (3)
AP,y ARTER(RFTELHEE) NEEKEHHINE ;0 HEEE,b IRE, AT, = -o/b it
EB (B EHFEMH) & S B )E (base temperatures, T,); F§ SET = 1/b {51 E 3 L 1B (the sum of effective
temperatures, SET) , iR #1565 528k 7E Origin7. 0 T #17,
1.7 BENMHET(EH) KUHEER
R 2T B R R,
t-T,
V(t):1+exp|: —Ifm(t—TO)]x[l_eXp(_ 8, )] (4)
ALK FREEEMET (E5H) BR,r, B AT (A5 ) ERMIEE LR IEEOE KRR, T, 0%
s FRE , T BB R T R E, 6, ARIRAFZ SR, AN KD BT B R X HRIR X AR I 1 #Y 2 i
B TS8R THEXRN, AR (S) R#ERIREXFEAT (EFHE) K HRIER(CR) .
CR:T‘T_bTbxloo (5)

A 525 TH7E Matlab7. 0 T HE4T,
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2 BRESH
2.1 JRBEXIFRE SRHE RN

BT ARSI 7= AR 1, B-INEREE R A RSN, 15 ~ 18C RS R (E2 %),/
HEEH I FEEEED B S MRRERZRBE . FRMFHH 18CH 21CHK, R 3 MEEKZ,
HE3 MEE T FEFRGERARE . BENERIESSWHEKERSE 21CEATRAE— &
B, G IR IR S I A R OME, R 4 NSRS HENE E-2-T 7 SRR g
TEIRE B4 21.50.22. 87°C ,IESE T A48

F1 TREETRUMEES(H) 18H
Table 1 Life and fecundity parameters of T. cinnabarinus at different temperatures

FhEES B {2 J& Temperatures ( C)

Population parameters 15 18 271 25 28

BEmgon(e))

Total number of eggs laid per female 28.5+19.4a 59.6 £21.0b 82.8+25.1c 89.4xt44.7 ¢ 97.0£46.7c
d

}“"Fﬂ)ﬁ%( ) . 15.8 £10.0a 20.9 £6.0b 21.5+5.8bc 15.9 +7.0ad 14.4 £ 6.9abed

Oviposition period

A

;&lﬁi?“ﬁﬂfﬁ(d) 14.0+£8.0a 14.2 £5.9b 14.3 +5. 1be 13.7 6. 7abd 13.4 £ 6.7abed

Practical oviposition days

A=MmECR/(2.d))

Fegs laid per female per day 2.2x0.5a 3.2x0.5b 4.3£0.7¢ 6.0x1.6d 7.1x1.5e

ﬁiiﬁﬂujﬁﬁﬂ‘]‘l‘fﬂ'(d) 39.8+3.7a 22.3x1.2b 14.7 £0.9¢ 10.8 £0.7d 8.5+0.6e

Period of oviposition

e L

0.786 +£0. 116a 0.805 +£0.085a 0.810 +£0. 144a 0.771 £0. 164a 0.786 +0.180a

Ratio of females

KPR + RS FHEEEHRFEE N t BB ERABE(p<0.01) Data were mean + SD; Means in a row followed by same

letter are not statistically different (z test p <0.01)

BREALTE T B LRR = REAE 13d 5 14d Z ), FE2{Uh 1d,21CHEE K, 15 ~28C, KA FHA Lhr
72 O RS stk B A i D AR (P35 ) MRS IHE , 4R h 24.52% ,30. 87% ,37. 93% 48.93% 1 55.37% ,
FEREA R TR, . XU, R H R BRRN , AR KRN EHTAETMET BN, S/HE
HIREEBR ; AR R X, WILARE XA 22 B AR A DR R HEATAE FE AT , ARGERY KR EE . MEMELLAE 5 MR
ETERARE, H0.8 A, HH7E 15 ~28CHERE RS, BEXEILEWE /N, SROHHE-SBHEF
FAEY b AR /MR , X T BB SRR R B AR FE 5 SR 8 I T AT DIOMEAE FH , 2R 38 IC B M gl 2 8 7
M AR s SR EC A ) Mg = PR S AR, LR M B AR A . IEERMIAR NN, EREXMRALMERER, B—EK5Z
A= BIR IR B30 [ ARTE & ( Wolbachia ) FFAETEAE T AT B, IR/R B SRR B /B ( Wolbachia ) 5B 5E (304
RRMYPMHE RS SBRETIHE",

2.2 JREERFRE A AR T R

15.18.21.25C 1 28C &4 T, RO M AR H ML WA 1, KA Weibull BRI B A, 7 HKK N
0.9913.0.9793.0.9919.0.9865 #10.9889, U 2,

SMREBLREMT , Weibull BRI A SE c EH AT 1, HEAMBR A 24 Deevey 1 2, RIFEE i
BOIg, FE TN, AT R E BERATEF LN MR, MIETmiEH EEBYT b {H, B b (MK, FLT =%
H SRR,

XA T TS B Weibull RECHEAT S —Birok T, H-SEUE, R0 78 & i ] SR B A2 7
71,40 1B, ZIRE KB BT A A7 ) , ZEWDEAARRE AR I 0 3 T T B, T PR g B A VLS 1 BRI T vl s T P38
—AMRAE (R S BPFPBESE T R0%) J5 , BRBY A= 47 ) R AR I8 B 3 K T 3, R il B AR i B sE T 0)
5,55 ( Deceleration of late-life mortality rates) , iZ2 Bl W4 Ay /S 1« & (plateau) " B4 "7,
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A —— 15C B
1.0 pmpeposssm —o— 18T 0
WO T o 25T E
0.8 |- W | W N N e £
£ R Y ) Z 00
ha $ 4. b Weibull
g 06| : L z
2 % &
5 g X £ —0.04
204 % &R
i k ! &
I A -0.06
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o2l K \ =
R
0 | \§L \ R ~0.08 | | | |
20 40 60 80 0 20 40 60 80
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Fig.1 Survivorship curve and transient surviaval curve of Tetranychus cinnabarinus populations at different temperatures

®2 FRABERHBRENSHE

Table 2 Parameters of Weibull model at different temperatures

N BPRtFET:

BE(C) b {f b-values cfH c-values forfmpifnmfous FET-HIEER (d) SEFEA (d)

Temperatures (95% CLs) (95% CLs) . Mortality peak age Average life

mortality

15 60.67(60.23 ~61.12)  6.72(6.30 ~7. 14) 4.12 59.2 57.1(47.4 ~66.8)
18 49.61(49.13 ~50.08)  7.95(7.18 ~8.71) 5.94 43.8 46.0(39.5 ~52.5)
21 39.65(30.38 ~39.92)  7.69(7.18 ~8.21) 7.20 38.9 37.7(31.8 ~43.6)
25 30.98(30.52 ~31.45)  4.59(4.17 ~5.00) 5.59 29.4 28.0(21.5 ~34.5)
28 28.51(28.09~28.92)  4.50(4.11 ~4.89) 5.97 27.0 24.2(18.1 ~30.3)

ARE TR RFET RIS RS , BT Brxt DL R R P29 07 iy (32 2) , BB 2R R, RAED M-85 BRIE 3%
EFET, Wyatt Z7YCY, BT AN G E d, MRS T AR R T 2 50, Lm, X3Py BUEHK
I TIRIE 14% iAo 7215 ~28 CRBTEREIT , SZXTIET 2 FEFFEAF R KUY 80.,45.29.22d F117d, THist
T R AR I S50 A I B AR S BE S (R 20 BE ) AR — 26..00.,8. 44,34, 14.33. 64 A1 58. 82, il 15C iy,
FOREFE T B WX Fp AR 78 1R S5 MR B, T 18 ~28°C. , FHREFT 115 I X R AoE A= B8 ) 553 VP 7E BT/ o
2.3 BEXEHE RS

SAARBERM T RO H LR EHIHER RSP RITHER S RNE 3, EXREFIFRT, HAl
AE R BE RN , RERNENFECRDH S RF I EMS R BE RN, BERENTIE, HEHEK
1, JARRBER R A DIREETE AR R AR , HERL R A R T R A it 18] De 2858

£3 TREETRUMHEIRHEDNSSHY
Table 3 The population dynamic parameters of T. cinnabarinus at different temperatures
{R & Temperature( °C )

2% Parameters

15 18 21 25 28
RIEE K 3R ( r,,) Intrinsic rate of increase 0.07669 a 0.14188 b 0.21338 ¢ 0.27514 d 0.33322 ¢
Y17 %2 ( Ro) Net reproductive rate 22.3169 a 46.3691 b 64.4754 ¢ 69.1058 d 76.4736 ¢
A2 FHE (T) Mean generation time 40.4906 a 27.0407 b 19.5253 ¢ 15.3946 d 13.0151 e
FhEEInfEat 8] ( Dt ) Double population time 9.03795 a 4.88532 b 3.24844 ¢ 2.51927 d 2.08012 e
JEIPR 454 %R ( A ) Finite rate of increase 1.07971 a 1.15244 b 1.23785 ¢ 1.31671 d 1.39546 e

EE¥ME A HRITFRE N R ERABE (p<0.01) Means in a row followed by same letter are not statistically different (z test p <0.01)
MRESHPEA B BRI B2, BRI AR i 5 A0 0M1 A BRGS0 ol R S HOE
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FIUAEIF LM AR 5 B2 FR SRR R I A ok (] S5 i 1B BERR SRR BB, R BN BUF AR R
BHAMARARERA (1) 28, REETRRERET AR INNET RN - ESRITE,
R RBRRER E I T R KB — B,

A B
04 e T F R A
Linear fit of #, Linear fit of eggs
0.3 |- 95%BIE% | 95% B LG
95% Cls 95% Cls
02 4
o 0.1 - y=0.0195x — 0.2096 2 2L y2: 0.3826x — 3.6277
g R =0.9943 =% R} =0.9983
g5 0 R F=525355 ‘ g g L . F=1779.981 ‘
= .= e (L
Ko 10 15 20 25 30 i\a g 10 15 20 25 30
X 2 I8 J& Temperature (C) ol {5 J& Temperature ('C)
@ = m 5
B2 = &
220 C o Temms 52 b
E — rmEE“:'T A jung = . YN NN
= Wang-Lan-Ding fit of g 8~ HPIRE-Z=-THANA
0.3 | 1y BRMELA & Wang—Lané—Dmg ﬁ/i of eggs
. Linear fit of r, 6 H.Fgﬂ%’%‘lﬁm H
Linear fit of eggs
02
4L
0.1 2
0 L I I | | 0 e |
10 15 20 25 30 10 15 20 25 30

I8 J& Temperature (C) {5 J& Temperature ('C)

B2 REWEMAREKESEEHEEN E-2-T HEE
Fig.2 Fitting curve of eggs laid per female per day and r,, for the temperature

A HERIER BB Linear fit of r,, ;B A7 BLMMG Linear fit of eggs; C: ABIERK R E-2-T "R E M & Wang-Lan-Ding fit of 7., ;
D: HFEE“ £-2-T " EIHl 4 Wang-Lan-Ding fit of eggs

F4 BENRDHEBEBMHBRR
Table 4 The effect of the low temperature inhibitory on Tetranychus cinnabarinus

N “F-2-T7 % Wang-Lan-Ding’ model %ﬁﬁﬂ A
it RLRIE Linear model Inhibitory
Parameters Data source ability

K T, r T, 8y R? T, SET R?

(%)

BrEmE a 10.20 22.87 0.16 12.48 0.5507 0.9999 9.48 2.61 0.9983 31.65
Eggs laid per female per day b 10.22  21.35 0.19 12.40 0.5613 0.9970 10.00 2.15 0.9505 24.00
HEE KR r,, JEHRE? 0.43 21.50 0.18 13.76 0.8618 0.9980 10.74 51.24 0.9943 28.12
Intrinsic rate of increase rn JEME? 0.36 21.56 0.18 13.76 0.8701 0.9981 10.74 61.45 0.9943 28.12
r. SERIED 0.48 22.53 0.18 13.55 0.1452 0.9963 10.11 51.10 0.9855 34.03

HRETER a 0.26 29.80 0.12 13.09 1.7320 0.9998 11.51 141.94 0.9981 13.73
Generation developmental rate c 1.01 30.00 0.14 8.15 1.8072 0.9981 8.03 141.84 0.9865 1.49

a KBS, b RGBTSR , 2 HEE R B G o TGP RS, b REE LS
fit by us; c: Data from He Lin, et al, fit also by them

Maia '  RAERE YN, R AT Jackknife J7 kXt B A 58 ) RS BAO S THHERT, 2 Jackknife #4549 1F
SHIEERE, X5 MEEALIER Jackknife FEAR BT IES MR BE 5, Jackknife {411 S 8H 5155
EAEBIT, 5 NEE r A5 THE , MR 0. 07682.0. 14186 .0. 21335 .,0. 27495 F1 0. 33275 A& 11 L AS (B 1K
W -0.1656% ,0.0141% ,0.0691% ,0.0141% F10.1411% , ] W, Jackknife J5 3k %} B B A5 HESH5%
THEBHE , RSB HER MG T, “ B-22-T 788, DL R SR B 3 )2 350, BES MRFBE/KF |
B RREXH RO 0, X —ERESH " £-2- T HEELENA 5 FANEAER AT

a; Ourselves; b; Data from He Lin,et al,
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B4R m#%E 4.8 2C,

WELEK T EARAES T RIEME, R AR ENEHER, EUBRNE, REIWEHE
HEREE /N, 78 15 ~28C ], HTUEL S LIS T (E/D 0. 167 224 , X5 S48 222 A 5] S & R 18] 00U E L ks
WE/N0.167 —F, XM/PNBRFEBRMNAE E-2-T"HEEL MRS 5LUNEER L, T EZWIEL S
BRI K8 FIZR AN SET (E R/, IERMER K 24 0.36, LLKEHI K O 0.43 /0. 163 ;SET {H A HZ
&L 2R B3 80, IE{UUME SET {8 61. 45 FLXEH{ERT SET {H 51.24 K 0. 166, H /ML 0. 167,

3 itig

B IR B R A, MR B, ROC TR S AR R AN, S« SRR BAME—
B, UL EMEAEGEEN R AT MR akd R E - REmdRP, “RE AR BB URETY
m};ﬁ[ﬂ, 22] .

V¥ H R TREESE, AR R A E-22- T MR MEET F £ 4 0 AE S RN R
TTHA RS EEI/MET, £ E-2-T" 84 B AESHEZ B/, TRE I AP AR EM
W LRI #F S B ERANE, A BXBASSEE —ENYMHAES M, 7% H=REL R
o, R0 E R R R SRR 7 IR SR AR PO R B ARIR . R, X BR K L RISRAE RO
M E AENERMEY LR LB ER, AEEENAEREE N, BEEW, ERESTCESL
i, T LSRR 5 30 B EAR T 8C i, AE AR X SR B EER F-2-T7 MAWER W ERHEY b
RERAIREMEL,

FHREAE AR TE , WAV ST , TR 2R, AR R D B SRR AR B 3 B Tk, 7
WREFEE G BRI 15,18.21.25C 1 28C B E X F AR N 57. 1.46. 0.37.7.28. 0d Fi
24.2d, MM SEE THHRET I, 2500 20.4.,14. 4.11.8. 4d #1 7. 2d, 3 A M N IR E T B F ¥ FE MR
173 A, IEFESBEFHE, REEEMC E-2-T"EAY SR, BRI VHNER K HE JRES Tt
RAERBHEERSBE , AR, RS A EEE N R RUAE Ry 2, AR E AT EE W, “ £-
Z-THRBYUSERER, ERRE RIS LR RS R H R, X T BB R XWX S R IR 55 —Fp A= 38
BN, BT R AE TR S B AR R B,

WX R R E R, AR AR BED AT gFE FEAMERE. HEAR
MERE T, RO EARFE E M= R, r, FE MRS HENBR, RMRD RS, Hep, AR
LB 25C TR B AEMBESH, 5ER Y FriE L (26 £1) CRHFRE MRS LA ; SHBE R
B, r, A De PR T ARE KRR EFTRGRZELB R, T HEER K FEEN LTRSS RE
SER BB AR A FED . XU, ARINE X, REN RIS R AERENEEE 2R,

R LARDH M SEE DR ER K I E-2- T EBESH T, o f T AR,
TREX 3 MBEE—EWMHNNES W, B KM S HEB K, 7ELEERG T, SET # LA &, X HAR ]
BB THFEMAREFESR, HVHEAE R TH— SR,

R R T RBEE D B 5RR LM REEXREREIE. FURREELFp R4 A & N
REBEBESZ —, TAHREMRTENMFRBEmMA WL, E 7,5 SET Z A 22 R “ 1 E (irade-off) ”
HIR S, R A B E N T, KM SET, XF“IrE” Kg, TRRF SRR eEHE, ARFEX
HEEB/N . Trodgill ZA08 , ZEEEEYIFheR , BSEIETT AR T, =533. 48 x SET ™ i3k Rk R ™', £
Wb, BUE Y 143. 87, Trudgill HFRRY T, BB K 7. 93, 402 0. 02, BIE (8 HSZBR(E AR X /N 0. 0252% s B E
B RN 141,84, T, 30 (E % 8. 02, 42 0. 01, FA(E H S BREHXT/ 0. 0125% , X 54 2 WA Y, 1
REESBEARE 10CEAANEBHE—F, £ F-2-T7#8d 2/ L AEE FWAREEETR
BERRE TR GEEERA AR, X el & EAF .

MESEB L Bk, R FERESEHH NS HN ZREERE, AR RARNERK T E-2-T"#
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