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K38 20 s S HEGE P KIER B A R R R BE KT . MRBE A RN M BGR, E MRS X R X—
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Abstract: The pine armored scale, Hemiberlesia pitysophila Takagi is a dangerous pine forest pest which mainly attacks
needle leaves, cones and twigs of various evergreen pines, and has led to great damage in south China since early 1980s.
The parameters of supercooling point ( SCP), mortality exposed to designated low temperature ( ME), discriminating
temperature ( DT) and median lethal sum of low temperature ( LST,, ) of the pest collected in different seasons in
Quanzhou, Fujian Province, China from 2007 to 2008 were measured and compared. The results showed that individual
SCP of this pest fluctuated from —22.4 C to —3.1 C. Among all the developmental stages of the pest in every season,
winter female adults had the lowest SCP with the mean value of —14.83 °C, which was significantly lower than those of
summer female adults, winter newly hatched nymph and 1% instar nymph (P < 0. 01). However, SCPs of other
developmental stages in winter and summer all showed no markedly differences (P >0.05). Experiments exposed to low
temperature indicated that the parameters of ME, DT and LST,, of 1 instar nymph, 2™ instar nymph before sex
differentiation, 2™ instar male nymph after sex differentiation, female adults and population were all obviously lower in
winter than in summer. A linear correlative analysis showed that there were significantly positive correlations between
seasonal mean air temperature and LSTys of 1% instar nymph, 2™ instar male nymph after sex differentiation and the pest
population (R>R, ;s =0.950,n -2 =2), but no significant correlations between SCPs and LST, s in each developmental
stage (R<R, 5 =0.950,n -2 =2). Therefore, it is concluded that the cold tolerance of H. pitysophila population seems
to peak in winter and drop in summer. The adaptability to low air temperature in winter may be independent of SCP, but is

nearly correlative with seasonal mean air temperature.
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Tiff & ( cold tolerance ) J2: L Ht 328 () A 25 22 AR 22 — , X b B T A0 A L A 3 SE X SR I K Bh B &G
HEYW, BARHEERRS AN SH A 5 EA B EHIRE &, BN HE 7 1 83 %0, G0 38 45
BN RN At OeEY S ARIB YIRS LA B K AT
FEX B T TR ORISR AL A BN, P B B R B T R 2 32 IR TR
SEEE, AT EREENENET ., FEERELTNMIER S LR R, X8R R7EH AL, figET—
ZR5) A B A LA TR S, F B BB T A AR IEE R R T T A TR AR AR
ERMHEYHRESRE,

i 58 [B iy ( Hemiberlesia pitysophila Takagi) J&:3k B 5 7 it 5 B2 0 FE B M ZRAR 2 A, 1% L™= H AR o 48 5
515 5,20 t4D 80 AERUE AT E KFEERIE, B K 2 A AT HIX A8 BT X A FEIL R X, &
AT ERFIAFE ™ o TR BT Jy E TS DR (Pinus massoniana) JBHIAR (P. elliottii) F1 K
JERA(P. taeda) SFENMIZFHE BB FIEEET /08 IR E KB BHARME™ B Rl
JAF 2005 FEKHFIA 16 FARAREYER FAWZ T 1ER—FIERMEINRALR T B A5 R T FE 1 5
Ht oA AEREN M AR AFEY K BRESHAE B R, RAMAR AT RIRE. LTI, 43X
3 3 Ve A S E AV IR B B, FESE T R IS M I T AR ARAE , AN IR A ST AP B h S A B8
O ALl 0P A 1t T A S 4R AR TR
1 #REF%

1.1 HE R E AT R4

P 2 [ gy Hh Y 1y A AR A SR TR IS VL XA L A B BB AR AR (25°6. 1587 N, 118°38. 255" E, ¥4k 368 m) .
AR IR PR, ST IR SS (ELB 9:1) , T BAAREBE 6570 #k/hm® , SF-¥ 4k 10.75 m, AR EE 0.9, K FHEARZ
SR 1.3 m, AR RN A BRI 100% , -3 8 O 4.3 L/ 845 R, & BITEIZAR S BEALBY B2 P 28
[ 53 BPA R, PRI A 3 255 ], AT (T ADE , DA A B R IR, FFAE 4 h Idb A7 &30

RIERMN TR ERMRISAZMEUE K3 ~6 AmRinhESET ~9 A hEZ 10 ~11 A4 Rk
.12 ~2 A & ZE, FERKAE 2007 45 A F12008 45 4 H 47, HZ7E 2007 45 8 ~9 Hb47, kF 4
2007 4E 10 ~ 11 H #E47 , & ZE7E 2007 4E 12 H #12008 4E 1 ~2 A #17.

1.2 SAESIE

1o o ) A R SR P A L B 5 S (R IR IR E g /K BCD228-WBSS vkAf (5 551 /R ) il 45, W I ok R 45 i 72
1C/min 45 . I TFWRBEIMTE R THBBAE, MARRNL TGS R E G B4R, B E
B BB B B v 20 0, BRI B 1 B 2 WML AT R 2 WL B ME R 2 i ik
Je T S RS R R R S B, 2 X AR BE T e R 52 A A LA B B, BRBR I TS R 4K 1A
FRA T, A 37 B s L I S 7 R ABARAT b, RAIE B S R4 FE a1l J5 PR 6 (B R LAY
FEIRE R, MAKFENIE . FFET SEBFHBEYEENE 17 ~192 3%,

1.3 (KEREALG

IR BRI 8 A3, 435717 : (1)10 CLEFE 10 °C x 12 h( BIFR 1 #87 BANME B AS 1 R T A A R B 1 48
VT 10 °C2) 3t B) 5(2)5 CALFE .10 C x 12 h—5 C x6 h;(3)0CALEE .10 °C x 12 h—5 C x6 h—0 C
x6 h;(4) —=5ChHE.10 C x12 h—5 C x6 h—0 C x6 h— -5 C x4 h;(5) =10 CALH.10 C x 12 h—5 C
x6 h—0 C x6 h— -5 C x4 h—> 10 C x4 h;(6) -15 CA.10 °C x12 h—5 C x6 h—0 C x6 h— -5
C x4h—-10 C x4 h— -15 C x4 h;(7) =20 CLFH 10 C x12 h—5 C x6 h—0 C x6 h— -5 C x4 h—
-10 °C x4 h— -15 C x4 h— -20 C x4 h;(8) -25 CALFE:10 C x 12 h—5 C x6 h—0 C x6 h— -5 C x
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4 h— 10 °C x4 h—> 15 C x4 h—> 20 C x4 h—> 25 C x4 h, 5 C KL FIEEFREH PYX-1250Q-A B
SANLRBH () ARBER) #il45,0 C R LA IRBEP 5 B /K BCD228-WBSS vkAf il % o

MAARE EBEHLAIER 8 x 100 HAF M i (100 HEF M EFASE B & &K & Br B AR B KT 30) , ¥ 45
100 SEFHF 1 B RRACEIL, BN 1 AL Z . # 8 MNAEIEXS R A AT L3R 7 F IR R EEF 1 Fhox i
SR, R ETAN TS AREFEN (25 °C,70% RH,16 L:8 D)WRE , R &KJ5 1 FubBE( -25 CALIE) Z53), IFK
524 h 5 FERRIEE PRIE I TTHET I EAASE R 5 K B B BORFPEE SV I FE T AT AR DL iR
BBV E ARG ; DA AR SRR R 648 6 A TR AT B0 R O & 58 B 1R M IRIR BT R
;s BUARTE BRE W Fe N T I W7 B A A P AL A A AR IR M AE S 1. &1 &b H R 3
HE, EHEMEBEZH 1 IRF B2 WP ERTE 2 SR 05 M B 2 W8 1R Al f5 EE R ME AR 2
RE G BOHFNEE SR T 5 B4 T T FEME AT o
1.4 BdEHT
1.4.1 FRASFRIEREIETH

7 224531 (ANOVA) 454 Duncan 35 A& ZET5 I @ A1 S AR B B U T2, SR - R FIALE S T %
B IIFERIEZ P RES G #7500, RSB BES BRREIR 22 507 10 CREB P YRS R B
BIEFET- 3N S, WA 0 FET-, AR IEFET-3ME R 0 BT R i fn 22 R i
1.4.2 MM

(1) EIEHRIERR

SHEFNKIITEE , B AR VE S5 FI8 88 T 7 R PR WA 2 (B I R FE 1% . T

S(t, T) =exp(a+b2tiTi)/[1+exp(a+b2tiTi)] (1)

K, S HIETR, 1, e B BR R BRI I8, T, R e I B R R IR BE i W R LIRS, i=1,2,3, 1,
o, T &R FRIR B 0.0 R EEL, - a/b FyiE B B 50% MASE T I RIR 2R, 7R B KR 2R
(median lethal sum of low temperature, LST,) , LA FEHR 5 B HL Ao it FE M

BT 0°C T IR R FR Tk S g Tk BE A [B] B 3 ELAE A, R X P I B & IR R RE. 42 T (5C)
=-1.7(0C) = -6.T( -5C) = -11.T( -10C) = -16 . T( -15C) = -21.T( -20C) = -26.T( -25°C)
= =31, 1.3 §1(2) ~(7) /LB FMRIR BRI H 0 -6, -42, -86, - 150, -234 F1 -338, [A -25 CTFME
B4 2 & KB BMFE TR Y 1, #CR A -20 ~5C T MRRREIE R EBRUE B (1), IFE it
8 LSTsy o FET-FFEIMER A FHRIEFE T HAE .

(2) BRFIEEE

Powell FI Bale Y433 B SR HESE T 80% 77 AR A8 I [ IG T 2 58 5 BE <8 SRV RSN BE ( discriminating
temperature, DT) , DA IFA 22 K B UF  Sitobion avenae) HITHFEYE , 3115 THAEG R . AXSH R, EAK
FEH IR RARFMIKIR 2 BEFE 1238 2 NME4R, 256 PR A 2 [ (1 i S 14
2 ZR5H5m
2.1 RFEZEFTARIE W Ve 20 5

MRS R R IES R (R 1) B, EEE T ERE B RH R FEES , AR
HRAK, O - 14.83 °C, IAZ4) 054 dulkim , O - 11.28 C 3 MERARE i BUE A2 2 kA5 e e,
H=22.4 C, BEEN S RERZ 2 BHEMUEHEE B, -3.1 T, NER BEERREERE , MR 2
WV fE R B 2 MR MEET S A R A R T B E W AR, (HE R R ELA F RS R A A B ER
TE KZE,2 b E A RERENE R AR BERTES, | i s ER KENER AR
BEMRTEAFE(P<0.01), HHEEREHBIAREELZTME B8 S 25 73, BRER L Ah, R
EBENBHERHEE2 NS EYLEEER ., SR, MEBEMFERE S H S ST ERHE
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F1 FREFHRREEITRAR(C)
Table 1 Supercooling points of H. pitysophila from different seasons

RENEL 4 JIM bR ARRR RN ORI MR SRR
Developmental stage Season number Mean SCP + SE Ccv Max Min Range 95% fiducial limit
Mt B, Female adult # 2 Spring 192 -13.57 +0.15ab AB  -0.15 -8.1 -21.6 13.50 -13.86~ -13.28
K Z% Summer 30 -13.16 +0.30 a A -0.12 -9.3 -15.4 6.10 -13.77 ~ -12.55
#Z Autumn 37 -12.99+0.34 a A -0.16 -6.9 -16.3 9.40 -13.69 ~ -12.30
£&-Z% Winter 115 -14.83+0.24 b B -0.18 -10 -21.4 11.40 -15.31~ -14.35
THE R HL %% Spring 30 -13.10£0.27 a A -0.11 -10 -15.9 5.90 -13.64 ~ -12.55
Male adult K Z% Summer 17 -12.81+0.28 a A -0.09 -9.9 -14.6 4.70 -13.40 ~ -12.22
#*Z Autumn 32 -13.77£0.25 a A -0.10 -9.5 -16.5 7.00 -14.29 ~ -13.26
£&-Z% Winter 30 -13.17£0.36 a A -0.15 -10.1 -17 6.90 -13.90 ~ -12.44
2 WAL I M R, %% Spring 31 -14.28 +0.20 b A -0.08 -12.2 -17.1 4.90 -14.69 ~ -13.87
2nd instar female nymph & Z% Summer 30 -12.24+0.41 a A -0.18 -7.7 -16 8.30 -13.08 ~ —11.40
after sex differentiation  FkZ& Autumn 36 -13.30 £0.30 ab A -0.14 -7.6 -16.5 8.90 -13.91 ~ -12.69
£&-Z% Winter 65 -13.81 +0.41 ab A -0.24 -9.9 -22.4 12.50 -14.64 ~ -12.98
2 WAl Ja T 1, %% Spring 55 -12.67 £0.35a A -0.21 -3.1 -15.9 12.80 -13.38 ~ -11.96
2nd instar male nymph & Z% Summer 30 -13.47 +0.36 a A -0.14 -9 -16.8 7.80 -14.20 ~ -12.74
after sex differentiation  FkZ& Autumn 38 -13.24£0.30 a A -0.14 -8.3 -15.5 7.20 -13.85~ -12.63
£&-Z% Winter 42 -13.66 +0.47 a A -0.22 -9.9 -21.7 11.80 -14.61 ~ -12.72
2 WA AR L %% Spring 30 -14.07 £0.36 a A -0.14 -10.2 -17.6 7.40 -14.81 ~ -13.34
2nd instar nymph before & Z% Summer 32 -13.04 +0.26 a A -0.11 -10.6 -15.7 5.10 -13.56 ~ —12.52
sex differentiation FkZE Autumn 34 -12.99+ 0.32a A -0.14 -9.1 -17 7.90 -13.65~ -12.34
£&-Z% Winter 32 -13.02+0.39a A -0.17 -9.2 -21.6 12.40 -13.81~ -12.24
1 {5 %% Spring 41 -13.56 +0.18 ¢ B -0.08 -10.8 -15.4 4.60 -13.91 ~ -13.20
Ist instar nymph HZ Summer 30 -12.45+0.22 ab AB  -0.10 -9.9 -15.5 5.60 -12.90 ~ -12.01
#*Z Autumn 35 -13.19+0.34 be B -0.15 -8 -16.2 8.20 -13.87 ~ -12.51
£-Z5 Winter 25 -11.90 +0.30 a A -0.13 -9 -14.8 5.80 -12.51 ~ -11.28
WA L %% Spring 35 -12.86 +0.26 b B -0.12 -9.9 -14.8 4.90 -13.39~ -12.32
Newly hatched nymph K Z Summer 30 -12.24 £0.23 ab AB  -0.10 -9 -14.4 5.40 -12.71 ~ -11.77
#*Z Autumn 34 -12.86 +0.35b B -0.16 -7.6 -15.8 8.20 -13.56 ~ -12.16
£-Z5 Winter 17 -11.28 +0.39 a A -0.14 -7.8 -13.9 6.10 -12.10 ~ -10.47

2.2 RBEIAFRLE B Bt 50 &

MR BB A R LT GrBad e M R 25 BER R R (R 2) AN, EEFS,2 RIES L5 K i
12 WAk LR RERF RS R 3G R, BT 2 itk b a s (P <0.01) [ H5HELZ T B
T EER TR KT, S KT H B3 % 3 R Z B T8 & 257 AT, Wl R 393 %8 4 A
1%, BEARTRIE A 1 R (P <0.01) , SHELA T BN TR EZR, M) BP0 % H1
R, BERTER 1A RIS EFTHB(P <0.01),
2.3 AIRZETHARE B IR 5 5 A FE T R AN SR

ARZFETHET B BAAR B E(ORRE TRIETELLE 1. £#F 04, FLFH BRI RYER
FRIELRE T RTINS s BR R MERURTE - 10 CRABEFAIE SN, HRF TR KT B BUE - 20 CTFH —&MiAFF
1, 7E - 25 CTR NS REAF TS , VLB BT R IRAGIRAE - 25 ~ -20 CZ Al

ME PR TTE ), IR EM7ERERE TR TCRRAL BENFTTER AT 1 RERRTRES €
i -10 CTHBENTRS;LZF 2 BRUSCHE RIETRE -10 CPFEEPNTE FE,7E-15 CTEE
INTRRZE &5 2 L E MRS TR 5 CTRE/DNTHKE 7 -10 CTRENTHE BE;LF 21
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P LGRS AT RTE - 15 CTBE/NTFEE; EEMMAIET-FRAE -5 CTH -10 CTHEFRTHE
ZAT KB MR RIET-RAE - 15 C T BE/NT RS MBEBATE - 15 ~5 CZ 0], X ZMICT-REA B E
INFRZE,

*2 MRANFEAZEMRILANAMNERREENE
Table 2 Duncan’s honestly significant differences between the various developmental stages of H. pitysophila

REHE #7Z5 Spring X Z= Summer FkZ= Autumn A& Z& Winter
Developmental stage 5%Sig. 1% Sig. 5%Sig.  1%Sig. 5%Sig. 1% Sig. 5% Sig. 1% Sig.
M Female adult ab AB a A a A c C
HE S Male adult ab AB a A a A be BC
—dﬁ% P H T M2 . L b B a A a A be BC
2" instar female nymph after sex differentiation
A A o

A A A b BC
2" instar male nymph after sex differentiation N 4 4 ¢
—dﬁ% IR 75 . - b B a A a A be BC
2" instar nymph before sex differentiation
—#%#; 1 1st instar nymph ab AB a A a A ab AB
Y9745 H1 Newly hatched nymph ab AB a A a A a A

M RGIERE, HE 1 BEHRLT -10 ~ -5 CZE, H KEHLAT - 15 ~ 10 C2Z 8, L£FN4F
-20 ~ - 15 CZa; & B2 HKZE 2 iRt A F - 15 ~ -10 CZ[E], L FWiEF -20 ~ -15 CTZ
6] 2 2 W PEr LR S AL T - 15 ~ - 10 CZJE], HRFWHLT -25 ~ -20 CZ[a); E SR LA T
-5~0 CZE, HAFWHLATF -20 ~ - 15 CZ[E); MEAMEAELTLT -25 ~ -20 CZE, ZEERFTN
BIRETF -20 ~ —15 CZA], Bk L, bR 2 Wt e)E M R R R EAE SN ZT LT -15~ -10 C
ZIEAh AR RN AR KT G B AP RS ARV 1R 6 B ¥ 0 B R 2
2.4 RFEZEWAEEY B KRR

FKRAFE(DUEEEN EREHBEMREN KRB TRAR, ERILE3, NFRBATESR,
WA A B RRM FAEXHK, P AN 0.05, RAMEHKT 0.6, BB Z St 7 128 FH T AR IR A T A8 2 [ i
Tif FE TR o ARYE R G R R BEEHRIR B, WK 3 7 E I, A [F 2719 M B R b B SR BT
FRIR BRI/ NTIIMR, BT <KFE < FF <HZF, 1 S50 2 a5 S BwAa R, ¥4 2
<HFZFE <MFE<HFE2REMMEATERRILTE <FF <HF <HFE2 BREMUEHEIONE S < 4% <
Z<HZE, BB 2 RS MR RO SR IE MR R B B BORF B S RTE A BT P RR B
K BRTEZ,

2.5 MEEHTAHS BICHLRBRRMRELEFZEPXR

K Fil Pearson AHCHEHTEE , LAZETT R)F 81, HEEAN 28 B M i v 20 5 BB IR B AK L H T 1A%
FECERNF A MES, NERA4TEY, FWHEFHRES 15 5.2 806G HE SRR S ARZ0E
IR R R B E MR (R > Ry s =0.950,n -2 =2) , $E B 245 1P 2SR R Wa A 2 (B W A 2 R B B
BB SR E R T, % R S SR ZE T AR B B E R

NS FEH ,ERKRE T 5SMRBEM TR A s MM AL 2 b5 M R T HE R RS
WA 2 B3 IEAHE (R > Ry 05 =0.950 ,n -2 =2) AR R B BAAE PRI R GX B2 KT, U AR R
SHZ R B B B e 5 s B R, R AR 2y ROBE SR R R T 2 R 1 B A8 AL 8 2 1B i it ¥4 0 5 )
ERIFAHE

HE—2B AN G R M A 2 PR AL FE A T2 R A Ak A 2 IR A A AT 1 R Y
TV H S AESE AR TE R AR R B, 43518 0. 3597 .,0. 0361, - 0.6503, —0. 0663, —0.4778 , ¥Rk &
Ko FIREZETFH L, ZHEMEREH S SRR RIEATE T BN - 4 5 [ W i FE 1 i 225 o
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® %2 Spring o B2 Summer
B #ZF Autumn @ £&ZE Winter

FET- % Mortality

FET- % Mortality

FET- 3 Mortality

Vi JE Temperature ('C)

B RIS GRS T AR sE TR
Fig. 1 Mortality of H. pitysophila exposed to low temperature in different seasons

@© A.B.C.D.E FI F 43548 1 8 01 2 M0 R He (2 204 J5 s 2 82 A0 5y o O B S AN R R B 1Rl vp s 2R ) o
B FHRREERNIEZEF AL FEM  The letters of A, B, C, D, E and F in this figure denote the pest developmental stage of 1* instar
nymph, 2™ instar nymph before sex differentiation, 2™ instar female nymph after sex differentiation, 2™ instar male nymph after sex differentiation,

female adult and population, respectively; There are no significant differences between the seasons without necessary labels in the same developmental

stage

ARFFARE L T T v A AR ASE B, 1 v A0 A BB R R H Tt S PR SE B RO

AN AR 25 % B B B E B B 28 7E - 15 ~ - 11 CZE (K 1), % R IR E X A 2% T
ABRAFER,TE -20 ~ - 15 CZIEWA —E KSR, YU SR W= — R 45 kB R IR
3 #FigEitie
3.1 SRR [ o e FE Ak O 21T 3 R

(RGBT A B M SRR (R gk 71 2 3 A BRI A R A 1
B L2 AR MR R 2 00 F M E M R R R A R VU BLIRIRL R B T OB TR R IR
REMBIEH KRR PFIGRTEZ (1 1K 3), W LR R T G B S A A T T B R R T '
F. WFERBOLHRIE R 3) Z0HTHA 5 B S ) 2215 A8 A0 35 A, HEUE P IRIR R R TR,
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RIBHKRFR BOAZE, T RNRF LT, 7 AR B ok , N B RN B , X508
MZF R ERREA B &0, MR ESNFHEGEERA B MFT RN, KF AT 5] R H
H 55 20 3 A0 SRR S BB W E T

#3 AEFTHREAMEERR-RTRBENHEHFEMBIEHEEBERRA(LSTy)
Table 3 Logistic equation between the sum of low temperature and mortality of H. pitysophila in different seasons and their LST;,

KB BB Developmental stage Z=45 Season a® b F P R? LSTy,
— % d1 1% instar nymph #Zs Spring -2.0701 -0.0167 133.9568 0. 0003 0.9710 —-123.8845
HZ Summer —-0.4904 -0.0097 21.5257 0. 0097 0.8433 —-50.7084
#Z& Autumn —1.3485 -0.0140 199.4543 0. 0002 0.9803 -96.5297
&-Z5 Winter -2.5930 -0.0112 159. 4544 0. 0002 0.9755 -231.7265
SRR #Zs Spring -2.6841 -0.0172 87.1111 0. 0007 0.9561 -155.8705
2™ instar nymph before sex K Z Summer -2.5607 -0.0189 21.7404 0. 0096 0. 8446 -135.2022
differentiation FkZE Autumn -1.3782 -0.0145 27.8750 0. 0062 0.8745 -94. 8493
&-Z5 Winter -3.9626 -0.0145 41.8789 0. 0029 0.9128 —-274.0353
TSI M H #Zs Spring -2.0570 -0.0140 180. 4640 0. 0002 0.9783 -146.6158
2" instar female nymph after EZ Summer —-1.7890 -0.0081 7.9302 0. 0480 0.6647 —-220.0467
sex differentiation FkZE Autumn —1.0885 -0.0072 79. 8360 0. 0009 0.9523 —-150.3494
& 75 Winter -2.8075 -0.0138 13.8124 0.0205 0.7754 —-203. 1462
S T i H #Zs Spring -2.5043 -0.0110 110. 5381 0. 0005 0.9651 -227.8744
2" instar male nymph after EZ Summer -2.6577 -0.0187 15.8729 0.0164 0.7987 —-142.3492
sex differentiation FkZE Autumn -1.2899 -0.0070 26.9009 0. 0066 0.8706 -185.0646
& 75 Winter -2.8901 -0.0104 189.3930 0. 0002 0.9793 —-277.3560
M, Female adult #Zs Spring —-3.3388 -0.0184 57.0584 0.0017 0.9345 -181. 6529
EZ Summer —4.2445 -0.0751 156. 8495 0. 0002 0.9751 —-56.5404
#Z& Autumn -2.8881 -0.0123 59.9735 0. 0015 0.9375 —-234.2344
& 75 Winter -2.8630 -0.0130 189.4812 0. 0002 0.9793 -221.0795
F ¥ Population # 7= Spring -2.4026 -0.0155 142.4584 0.0003 0.9727 -154.8073
EZ Summer -1.2515 -0.0115 27.9216 0. 0062 0.8747 -109.1125
#Z Autumn -1.6954 -0.0104 182. 0465 0. 0002 0.9785 -163.8106
& 75 Winter -3.0663 -0.0127 343.1241 0.0001 0.9885 -241.0613

@ Fhafb RIEZHEITWHHTES = exp(a +b ZtiT,«)/[l +exp(a +b ZtiTi) 1 RSB The letters of a and b are the corresponding

parameters in the Logistic equation: S = exp(a + b ZtiT,«)/[l +exp(a +b 2 t;T;) ]

®4 [EEFEFEUSHRERBIERKRERFRNEXE
Table 4 Correlative coefficients between seasonal climate factors and LSTy, of H. pitysophila

. Rt A AR Al 22
7S
Kb E Mean air Lowest air Extreme difference A iﬂ[‘%?}(%
Developmental stage . Mean monthly rainfall
temperature temperature n temperature
— %4 81 1% instar nymph 0.9800 = 0.8221 -0.2627 0.4972
e o 0.7863 0.5501 0.0690 0.1773
2" instar nymph before sex differentiation
_‘dﬁ%ﬁiﬁ%)ﬁwﬁﬁ . . -0.1276 -0.5125 0.9107 -0.1970
2" instar female nymph after sex differentiation
A S A
0.9669 * 0.9281 -0.4813 0.3958
2" instar male nymph after sex differentiation
JfE B L Female adult 0.7831 0.8303 -0.6638 0.7948
Fh#¥ Population 0.9875* 0.8022 -0.2512 0.6777
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x5 SEAFEFTEAERREMILIRGEXE
Table 5 Correlative coefficients between seasonal climate factors and SCP of H. pitysophila

s 2 A A AR I e i 22 H ¥Rk
REBB . X X
Mean air Lowest air Extreme difference Mean monthly
Developmental stage . .
temperature temperature in temperature rainfall
JfE B L Female adults 0.8620 0.6469 -0.0338 0.2718
JHE B L Male adults 0.2907 0.3435 -0.4404 0.8149
A A
0.7223 . * -0.8928 0.1934
2" instar female nymph after sex differentiation 0.9603
—dﬁ%ﬁsﬁ%)ﬁmﬁﬁ . . 0.2029 -0.2774 0.8024 0.4352
2" instar male nymph after sex differentiation
—dﬁ%ﬁkﬁw & o ~0.0068 0.4185 ~0.7504 ~0.5761
2"¢ instar nymph before sex differentiation
— % d1 1% instar nymph -0.3474 0.1074 -0.7219 -0.2495
Y54 dt Newly hatched nymph -0.5753 -0.1791 -0.4879 -0.2529

3.2 XTIV SRR FE AR bR IS A

8 H ARV B U S 8 0R 2 — , FEIF 2 B ORI 26T SE R PR v 136 0 SRR R BB IR M
gER g BT AT A AR AT s SR X 55— Se B Hy, AR 7 vk IR 45 SR A — 3, i TR R BA
Tt 45 VKT 26 8 Tt R A0S IRIR T IR B IR T, AR (507 . AR SO, Wi 2 (B i B 4 25 M R o 14
HAHEBERTERN  HESLETHBEL EEZZRY LR EER(F ) , MRS R XK 8~ i 5
HEARBHETH R AZNHMEERTES, TLHE NIFNERA—BGENFS L, 283855
PRI BRAH SR IE BE Ko BIIA R 13 ¥ H) A BB 4 S S5 B 28 B 067 Py it € 0, RaE BB N
HH TN WA BIER . XT B 5B S TR S MIRRR R TR FEFEAR T 2B SBT3 H K,
3.3 XFRRY MFP RS HIE AR

SRR — A O S AR I MR AN 7E BT BOR AT MBS Rk, MR TR/, X
5 R FEE M2 M A — 3K, B AR DX, IR R AR PR AL 2 R Y A 2 R i R B R R, T 2% M i 7€
PR ZE 738 B S A T H M B L R = RS

MERREE FAEMERAMATIERE TE -5 ~0 CT & EE W BB SRR TR TE 10% /£
4, 7E -10 CTFAEF 20% ~40% ZH),7E - 15 CFKF 60% , 7€ -20 CF WL E T 90% . RIFEX—45
BH 0~ -5 T O R R B EA IR A Z R R B B IR BE Y 1L 5 8 — 10 °C A2 45 5 SR
PSR M B ARAC , (E IR BN 10 b e A ZE P B AE TS I TR BE Y L0 - 20 ~ - 15°C @ SN DB R Wy
REME AR, IR AR A b PR SR R AR A IR B T Lo

T, A5 R W 72 3R E 4 A B B U BB R pa R M A% — 7 (26°N A4y ) 7] AR AR 43 i e LB R 26 (25°N
A) . W ESLREANGOR, BT LR A SRR AET -5 °C, B R J I 7E
XL X I AT A , A RIR X PR BRI TE FIAR K . ZEM BRI M R BA KX, M TEEE FERX =
B R AR SR T AR A SR VLS R R 3 A MKIRE L. 7ERS FALEBA AR R (27°20'N) Ob&E
(27°32'N) AR (27°55'N) (= BAALER A ZE 77 (26°54'N) FlfE T° (26°49'N) (YLPGFH % (27°06'N) FiEg & (28°
44'N) ARSIEVL(27°26'N) FI ¥ (28°12'N) (Wi 7L M (28°58'N) 55 26. 5 ~29°N [ X IR P , it Bu4F ) 4 Z 4]
WRIRIIFE - 10 CAA , W IR AR I W BB R ILA A 465 8 (26°N Z£45) ,{H7E 26.5 ~29°N XI5,
W, AR MBS = AR B . i —25 40T 29°N RAJbA 37°N DAwg b X A AR IE L (37°N &
FEFF L EMERE S WHBEALA) 915 HE(29°02'N) LRI (30°33'N) (&R A (32°24'N) (LA
BrEE (36°39'N) FKSk 1L (37°23'N) 25t A s (IR IR AR B AL F - 20 ~ — 15°C 2Z [, R B IA P s 2 [ i 765X
— DX Rt REABR A , (A ZR IR IR A b R A LA B B K

http ://www. ecologica. cn



11 3 KRB &F IR R AR 5821

References :

[ 1] Shintani Y, Ishikawa Y. Geographic variation in cold hardiness of eggs and neonate larvae of the yellow spotted longicorn beetle Psacothea hilaris.
Physiological Entomology, 1999, 24(2) : 158 —164.

[2] lJing X H, Kang L. Geographical variation in egg cold hardiness: a study on the adaptation strategies of the migratory locust Locusta migratoria L.
Ecological Entomology, 2003, 28(2) ; 151 —158.

[ 3] Hoffmann A A, Hallas R, Sinclair C, Mitrovski P. Levels of variation in stress resistance in drosophila among strains, local populations, and
geographic regions: patterns for desiccation, starvation, cold resistance, and associated traits. Evolution, 2007, 55(8) ; 1621 —1630.

[4] Jing X H, Kang L. Research progress in insect cold hardiness. Acta Ecologica Sinica, 2002, 22 (12) . 2202 —2207.

[ 5] Zvereva E L. Effects of host plant quality on overwintering success of the leaf beetle Chrysomela lapponica ( Coleoptera: Chrysomelidae). European
Journal of Entomology, 2002, 99(2) : 189 —195.

[6] LiuZD, GongPY, WuK]J, Wei W, Sun J H, Li D M. Effects of larval host plants on over-wintering preparedness and survival of the cotton
bollworm, Helicoverpa armigera (Hii bner) (Lepidoptera; Noctuidae). Journal of Insect Physiology, 2007, 53(10) ; 1016 — 1026.

[ 7] Hunter M D, McNeil J N. Host-plant quality influences diapause and voltinism in a polyphagous insect herbivore. Ecology, 1997, 78(4): 977 —
986.

[ 8] lJing X H, Kang L. Egg cold hardiness of the migratory locust Locusta migratoria L. under different photoperiod conditions. Zoological Research,
2003, 24 (3): 196 —199.

[9] Jing X H, Kang L. Seasonal changes in the cold tolerance of eggs of the migratory locust, Locusta migratoria L. ( Orthoptera: Acrididae).
Environmental Entomology, 2004, 33(2); 113 —118.

[10] Danks H V. Insect adaptations to cold and changing environments. Canadian Entomology, 2006, 138(1): 1 —23.

[11] Powell SJ, Bale J S. Cold shock injury and ecological costs of rapid cold hardening in the grain aphid Sitobion avenae ( Hemiptera: Aphididae).
Journal of Insect Physiology, 2004, 50(4) : 277 —284.

[12] Colinet H, Renault D, Hance T, Vernon P. The impact of fluctuating thermal regimes on the survival of a cold-exposed parasitic wasp, Aphidius
colemani. Physiological Entomology, 2006, 31(3) ; 234 —240.

[13] Jing X H, Kang L. Seasonal changes in the supercooling point of overwintering eggs of Locusta migratoria. Entomological Knowledge, 2003, 40
(4):326—328.

[14] Ma R Y, Hao S G, Tian J, Sun J H, Kang L. Seasonal variation in cold-hardiness of the Japanese pine sawyer Monochamus alternatus
(Coleoptera; Cerambycidae). Environmental Entomology, 2006, 35(4) . 881 —886.

[15] Phillips S W, Bale J S, Tatchell G M. Overwintering adaptations in the lettuce root aphid Pemphigus bursarium (L.). Joural of Insect
Physiology, 2000, 46(3) : 353 —363.

[16] Sinclair B J. Seasonal variation in freezing tolerance of the New Zealand alpine cockroach Celatoblatta quinquemaculata. Ecological Entomology,
1997, 22(4) : 462 —467.

[17] Sjursen H, Spmme L. Seasonal changes in tolerance to cold and desiccation in Phauloppia sp. ( Acari; Oribatida) from Finse, Norway. Journal of
Insect Physiology, 2000, 46(10) ; 1387 —1396.

[18] GuoHB, Xu Y Y, JuZ, Li M G. Seasonal changes of cold hardiness of the green lacewing, Chrysoperla sinica ( Tjeder) ( Neuroptera;
Chrysopidae). Acta Ecologica Sinica, 2006, 26 (10) ; 3238 —3244.

[19] Chen B, Kang L. Insect population differentiation in response to environmental thermal stress. Progress in Natural Science, 2005, 15(4) : 289 —
196.

[20] Zhang X Y, Luo Y Q. Major forest diseases and insect pests in China. Beijing: Forestry Press of China, 2003. 256 —275.

[21] Chen Z F. Preliminary studies on the resistance of fifteen pines to Hemiberlesia pitysophila. Forest Pest and Disease, 1988, (2): 1 —2.

[22] Lee R E Jr, Denlinger D L. Cold tolerance in diapausing and non-diapausing stages of the flesh fly, Sarcophaga crassipalpis. Physiological
Entomology, 1985, 10(3), 309 - 315.

[23] Tong Y H, Chen S L, Zhang F P. Dynamic of Hemiberlesia pitysophila population and the relationships with climate factor. Journal of Fujian
College of Forestry, 2006, 26(2) : 107 —110.

[24] Hu Y H, Chen S L, Yang A M. A study on the threshold temperature for development and effective cumulative temperature of Hemiberlesia
pitysophila Takagi. Journal of Fujian Forestry Science and Technology, 2004, 31(2): 9 —11.

[25] Nedvéd O, Lavy D, Verhoef H A. Modeling time-temperature relationship in cold injury and effect of high temperature interruptions on survival in

a chill sensitive Collembolan. Functional Ecology, 1998, 12(5) : 816 —824.

http ://www. ecologica. cn



5822 B Ox ¥ R 29 %

[26]
[27]

(28]
[29]

Chen B, Kang L. Cold hardiness and supercooling capacity in the pea leafminer Liriomyza huidobrensis. Cryo-Letters, 2002, 23(3) : 173 —182.
Cole W E. Some risks and causes of mortality in mountain pine beetle populations: a long-term analysis. Researches on Population Ecology, 1981,
23(1): 116 —144.

Amman G D. Population changes of the mountain pine beetle in relation to elevation. Environmental Entomology, 1973, 2(4) : 541 —546.
Hodkova M, Hodek I. Temperature regulation of supercooling and gut nucleation in relation to diapause of Pyrrhocoris apterus (L. ) (Heteroptera).
Cryobiology, 1997, 34(1): 70 —79.

S E 3k

(5]
(9]
[13]
(18]
[19]
[20]
[21]
(23]
[24]

e, Ak, BRI A%, 2002, 22 (12) ; 2202 ~2207.

RS, HER. LIRS RIRBNIIEMER R, SERTIE, 2003, 24 196 ~200.

SRELL, B, TRIEBA TR E A AL R A S R . BRHUAIR, 2003, 40 (4) : 326 ~328.

WAER, VPKE, W, U5 PAE R R ISR AL, AR, 2006, 26 (10) : 3238 ~3244.
BRi%, B B HOXTERSTIE B MAE IS R SR REME. B ARk, 2005, 15: 265 ~271.

KEWE, BAK. HEAMEREYKE. a0 P EML SR, 2003. 256 ~275.

Prp. IR AA S B TR IR B, ARAR BB IR, 1988, (2): 1~2.

HNAE, PRIBSE, TR, MRENFRSHIER SKEETRRR. FRAkApelR, 2006, 26(2) : 107 ~110.
BIHELL, BRI, R B MARIEM R TR AR SA B MWE. MM, 2004, 31(2): 9 ~11.

http ://www. ecologica. cn



	11a65.pdf
	11a66.pdf
	11a67.pdf
	11a68.pdf
	11a69.pdf
	11a70.pdf
	11a71.pdf
	11a72.pdf
	11a73.pdf
	11a74.pdf

