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( Hymeloptera;: Aphelinidae) , a parasitoid of pine armored scale
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Abstract; The parasitic chalcid, Coccobius azumai Tachikawa, was introduced from Japan at the end of 1980’s. The
parasitoid was an important biological agent used to control the pine armored scale, Hemiberlesia pitysophila Takagi in
southern China. The parameters of supercooling point ( SCP) , mortality exposed to designated low temperature, and median
lethal sum of low temperature (LSTy,) of the chalcid adults collected from different seasons, were measured and compared
in Quanzhou, Fujian Province, China in 2007 and 2008.

Mean SCP value for female adults collected in spring, summer, fall and winter was - 13. 7559, - 11. 9700,
—12.7936 and -13.6000 °C, respectively, indicating females collected in spring and winter had a significantly lower SCP
value than female adults collected in summer. Mean SCP value for male adults collected in spring was —15.3917°C , which
is significantly lower than that for male adults collected in summer ( —13.8400°C ) and autumn ( -13.2143 °C). For
adults collected in spring and summer, mean SCP value for females were considerably lower than those for males. However,
this value was almost equal for both males and females collected in fall. When exposed to different constant temperatures,
no female adults survived under — 15 “C. Mortality (under 0 °C) was clearly lower for females collected in spring than
females collected in summer. However, under —5 and — 10 °C females collected in spring had lower mortality than that in

summer and fall. The relationships between the sum of exposed low temperature and mortality of female adults collected in
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each season fits very well to a revised logistic model ( equation 1).

Significant differences were observed between LSTy,s estimated by this model for female adults from different seasons
(df=2,33, F=30.45, P<0.01). Mean LST,, for the spring female adults was significantly lower than those for the
summer and fall female adults. The SCP and LST, for female adults decreased as the seasonal extreme low air temperature
drops off and as the seasonal extreme difference in air temperature increases. The LSTy, for the female adults also decreased
with drop of SCP. These results suggested that, in terms of cold tolerance, C. azumai adults have obvious adaptability to
seasonal variation of air temperature. One important strategy for the wasp to increase cold tolerance is to lower the SCP,
which may be the results of its exposure to lower extreme low air temperature and high extreme difference in air temperature

in fall.
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B8 G, oA 1 A IR (EN BARSM) ,7 D B AR R R AL B, 3502 : (1)10 CAEFE: 10 °C x
12 h;(2)5 CAFF:10 C x12 h5 C x6 h; (3)0CAH:10 C x12 h>5 C x6 h—0 C x6 h; (4) —5C 4k
.10 C x12 h—5 C x6 h—0 C x6 h— -5 C x4 h;(5) =10 CALF:10 C x12 h—5 C x6 h—0 C x6 h
—-5C x4h—>-10 C x4 h;(6) -15 CA:FH:10 C x12 h—5 C x6 h—0 C x6 h— -5 C x4 h—»-10 C
x4 h— —15 C x4 h;(7) =20 CAbF: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, H 5 CRU EREFEEH PYX-1250Q-A 5 N TSRS () ARBREH)
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o HRERIWT:

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

A, S HFCTHR o, o AR VR 8 A ], B A5 W] AR 0 B A IR B 3 B /N i 40 B S5 B ] BT
T e e ARIR R BB IR , B0 °C i AL IR AL B, i = 1,2,3, -+, X0, T, AL RIR AL B A AR IR R AR 000
NEEH AP - a/b WEYFE SRR B 50% MESET KR 2 FH ( median lethal sum of low temperature ,
LSTyy) o XA 2o, TR LAE AT &R BE T i 2 88 i E] 315, S AT5dE e i g I e

HRTANRITEAR L, B UG TR % 18 T RIR 2 55 R A R R ] 2 NA R EAEZ N, Xk T
ANRETEN AR AR IR 2 58 100 B e Mt FEME I B o (IR T R IR 28 SR R v 15 3 1) b BRI TR R AR, Rkt
HidE T AR G2 ZE PR I H s AE B g Hh 3 B IR IR R AR AR & 8 15 3 I 4 10 T B SRR S8
IV o

BT 0°C T IR R AR Tk S g T BE ARt ) ) B A , TR e B B TR B & Tl 5 T O°C B, Xt it B i &
TREEHATIRE . 430K 10°CTRESY - 1, 7EMLESAE B &FE 1°C (BN 8 1, By : T(10°C) = -1.T(5C)
= -6.T(0C) = -11.T( -5C) = -16.T( -10C) = -21.T( -15C) = -26.T( -20°C) = -31, K%
T EESUE T AR WoF /) i P P T R AMIRIR R AR Logistic J7 72, JE I THEAR i 1 LSTs R T AR i FE 1
2T, FECRRABIEF T REEN . £FTHSLHELERLRATEQ) H#TEE , EI R Bt
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BAAFAFE LSTs, T 2R BEERE, BARA TR 1.4. 1,
2 H#RESH
2.1 A[RZETTER /N AR L v 5 R

ASRIZEAY B AL A /N S e P R VR B R RIAF AE S8 38 22 57 (df =3, 155, F =4.571,P <0.01) , BLIRLER L
Fl, RFRPHERDEARA, BERTATNES (P <0.05); FEFH TR AR, LEFK
1. 8859°C ;(HEZ KFMAFZH MEMRFZ ML EEZR (P >0.05), SAEE, FFNERNLARE
ZHTE -26.3 ~ —8.TCZ[A], BRI R AR AMEH BEA T, Bm @ R AR MR ER T ML T, —“HH2E
17.6C,

®1 TREFVIERAG/NEMER BRATR AR

Table 1 The supercooling point of Coccobius azumai female adults from different seasons

et HEAEL Scp #IH + bRl R fE RAGME
Season Sample number Mean Scp +SE(C) Max(°C) Min(°C)
#:25 Spring 59 ~13.7559 £0.2720 b® -9.3 -21.4
X Z Summer 30 —11.9700 +0.2604 a -8.7 -15.0
#Z= Autumn 47 -12.7936 +0.2995 ab -9.2 -18.4
£-Z5 Winter 23 -13.6000 +0. 8054 b -8.7 -26.3

OARFRF R B E 2R, % 2.3.4 FE 2 5  The different letters denote significant differences. Same for the table 2, 3, 4 and the
figure 2

5 AR ARE , A R 21 A R R e U B IR AE B E 2 5 (df =2, 67;F =8.204;P <0.01) , BRI
x2. BEE M3 NFNH EFHPFHIIRA[BEMRTE KF(P <0.05) HBRFEMEFZHILEE
ZEF(P>0.05) ; fk bR B i B H S BB AE - 17. 8 ~ - 9. 5°C 2 [a], KB fiRid ¥ 20 A At BAE &
Z, R W H A AN BUAERK S, —E A2 8.3C,

R2 TEFVHIEAG/MEER BT AR

Table 2 The supercooling point of Coccobius azumai female adults from different seasons

Bl HEA%L Scp #MH + hrifiiR RHEE RARE
Season Sample number Mean Scp +SE(C) Max(°C) Min(°C)
#Z5 Spring 12 -15.3917 +0.3974 b -13.9 -17.8
B Z Summer 30 —13.8400 +0.2604 a -10.2 -15.9
#Z Autumn 28 —-13.2143 £0.3310 a -9.5 -16.3

Student’ s ¢ K 45 R B - F R FME LA P33 % 2R 3 B 38 THERUR (5% :0=2. 6389, P <
0.01;82.:=5.0777,P <0.01) ,M#ZFE _FR LB EZER(:=0.9423,P >0.05),
2.2 AFEZEVEAEE/INE RIS v A R IR A

ARIRIZEATAE S0/ R o ¥ 0 TR A DL 1y AST B 5 SRR o AR PR Y ) S E A
TERIES/ (P >0.05) o AR A [FZ5 AR 1 v A 5 9 22 Al v B | IE 250 ) B DX IR 4 A 2 25
PIAEAR. SR (B 1), & FF B % A 0 i T BB 58, oo v 4 R 22 40 1) ik B 12. 1°C AN
17.6°C ,(HEFRZHANAKIALE -15.35 ~ —10.47C Z[A], £ FMFE -17.50 ~ -8.65C Z 0], HFE LA ZF
FAEH B KFR SR A R B, R i G Z 5 6.3CHN 9.2C BN TA FFHEF
REBARIIATE -13.77 ~ —10.57CZ[a] , FKZFMFE - 15.66 ~ -10. 08°C Z[A], RF LK FHELH . Bl
B (B 1), BKZR R v Al 0 A T Rl LU R 2 5, — 45 I v A s 22 20 1135 81 6. 8C A 5. 7°C Bk F A
REBARSATE ~15.66 ~ —10.83CZ 6], HFMTE - 15.37 ~ -12. 76 CZ 8], EF LK FHEEH . XL
ST JC R, TPk M S ) 5 v 20 0 A 9 L B 7 23 2 L B T, TR 2 B R ) 5 v 20 AR X B
WEES,
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Fig.1 Frequency distribution for SCPs of Coccobius azumai adults from different seasons

O Erh58 AB.C.D.E H1 F 2 HI5 % 2 HE L BT Zo e p it K ZoE e & 2 e ST R R ANBK R SR Thee letters of A, B, C,

D, E and F denote the female adult from spring, summer, autumn, winter, and male adult from summer and autumn in this figure, respectively

2.3 ARZFTLIRREE T LM /NMEME R LT R 12

AREHATGRRS M N5 | 10f oazsumme o] SeE rrm g
RCTICERE P S S S R S
KA, 4 RIS - 10 I JEC R 5 0| .

SR 90% , 4 RIRIIEILE] - 15 CHf, A B WHMER = | Lol |
R, TR - 10 CHAERAEm om0 21 G (Ol L)
TERBRE N 10,5, - 15 F1 -20 CHf, AIFF 20 Y e

& Temperature (C)

ME LRI E Z 57 (P >0.05) HREFIEEN O,

_53% 10 CHf, RAEH 2 T RN ER L B H2 ARFWIRRRRAI TS MR 5T
ﬁi(P <0. 05) ; %%%ﬁfgﬂﬂ 0°C ETJ‘, 5% B‘J%t%i Fig. 2 Mortality ‘of Coccobius azumai female adult exposed to low
FRTA HE(P<0.05)  Tide KB ZMUTRH2 T o o
(P >0.05) ; HEFFIRBEN -5 Fl - 10 CHf, FERILT-RYBE/NTR KFE(P <0.05) , MR FFEZH
TBEZF(P>0.05) o XULHAIRZTTEM BT/ NEHER R FET-RAUIE - 10 ~0C Z (M RER FAAERE 2
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SEX—REEEN, EERREAERILREET R, NEHERTEH, YR2BEEMN -5CTFES
~10°C I, BFERFETR A 11.23% RIRERTHE 86.95% , YR FBRIEE M 0C TS| - 5CHE, BB MR
H1 25.50% SESRERTFE 73. 62% Tk HIFET- 3 5. 68% FARBRTFE 76. 89% , 33 1A 25 W Al o i v R B3R
FE (BTN 80% Ze G MR FRIEE) P b T - 10 ~ -5C Z[a], ME KEMPHLT -5 ~0C 2 |, §iZ i B
KFE#,

J7 25T (G5 RME) B . R ISR B AR IR R R T & 245 140 /N e e SR P T R R B £ R (P <
0.01) ,{HR[RIZHFET- R BEIR B T et 9L B Z B (LA R SE 2 — B (Tukey’ s ZEILRSERNFE ) &
2,05 CH 10 CAMIT-RLEEXET,0M -5 CTEUTREER (H0 CRIFET-EREERT SCH
10°C(P<0.05), -10 CHIFLT-REEKRT -5 C(P<0.05), -15 CHHLT-REEKRKT -10 C(P<0.05),
UL - 15 ~0 CRBEZ MR R I M BURIE B GET-R M BB E 2 RIORIRTEE) ; EZ,5 CM 10 C
ZIEFFET- R TR EER,0 CHRIET-RBERT 5 CHI 10 C(P<0.05) ,HBZE/NTF -5 C(P<0.05),
~10 CHET-RBEKRT -5 C(P<0.05) fH5 -15 CUTEELXBELR, X - 10 ~5 CREZER
HPET B URRIR B Bk ,0.5 CHI L0 CIAIFET- R LB E LR, -5 CHRT-ERBERTO CRUL
AIRBE(P <0.05) AR E/NTF -10 C(P <0.05) i —10, - 15, -20 C Z[AKFET- R T B E2 T, X i B

~10 ~0 CRAKZ MR 50T~ A BURIR BEVE B ; 2550 7T D0, 76 A 55 /N 6 75 28 B 1 R O BB VS B 0 T BRAE T
H MZE, ERWETES, MSKEMHE SR HEREEEEN TRSESMR, B8 TES, ER
WL T HZ, 5HEZHMRA.

®3 TRAKEBERBTEEVEAY BB BIET LB (Tukey’ s ZHHLEL)

Table 3 Tukey’ s honestly significant difference between mortalities of Coccobius azumai female adult at different low temperature from

each season
30 EEAK IR Exposed temperature (°C)
Season Replicates -20 -15 -10 -5 0 5 10
#Zs Spring 9 a a b c cd d
H 7= Summer 16 a a a b c d
#Z Autumn 11 a a a b c c c

JOL FA S FY) Logistic 75 A2 10L& IR R AR-7E M 5 /N e R B TR Z | B R &R, T BT P RIE R
(LSTy,) , B M4, #F V& EEM) Logistic FRRMPE RB(R®) KT 0.97,P HH/NTF0.01, YLl
FRANE RCRIIARGT , A [FIZ 35 7E Ay 4oF /)i el R ARG R AR -FE T R ) 5 2R 29 85 BE IR ARk 265 B Logistic A7 5
EAFRZETT WY LST Z B AA BEER (df =2, 33,F =30.45,P <0.01) , HFHF 3 LSTs Ak, RF &
w, ~#HAHZET74.09 h . C;Tukey’ s ZE BRI . FF T LT, BEMR TR BF(P <0.01) , HFHLE
Z{K 18.78 h-C ,{H _F T BEZEF (P >0.05) ;3 NFFH LT A MAEFZF, Ky -252.65 h-C, &K
%{Etﬂyjﬁgé,jﬂ -94.85h-C ,:%‘*Ei% 157.8 h-C ;MLST5095% E%IZIEHE,ﬁé LSTso]ZI‘E—'JJ:—FFE%i%
{629 32.51 h-C,HZ29.56 h-C,#kZ 20.24 h-C, X EIAFZFH LT, L IREIE, KI5 HKUCGR R ZE
K,

®4 BFEPERVWNEMARFFEREBRRA(h-C)
Table 4 LSTy, of Coccobius azumai female adult exposed to low temperature from each season(h-C)

Logistic 57 R? 95% E {5 X A
s TR FHIToSE g g O B I L s
Replicates Mean LSTy, +SE Max Min rom Range CV L.
Logistic model limit
%7 Spring 9 -218.84+7.05b -185.36 -252.65  0.9924 ~1.0000 67.29 -0.10 -235.09 ~ -202.58
K 7% Summer 16 -144.75+6.93 a -94.85 -180.37 0.9752 ~1.0000 85.53 -0.19 -159.53 ~ -129.97
#Z& Autumn 11 -163.53 +4.54a -145.75 -188.35 0.9770 ~1.0000 42.60 -0.09 -173.65 ~ -153.41

http ://www. ecologica. cn



4610 = S

H 29 %
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Y1 R SR AR IR AR R 25 B AE R R B R T 0.97,
B B E K (0,05 =0.997,n -2 = 1) ; HERHL LST, Fl
A i R R A 3 1L 22 A SR R B R T 0. 9, T e ol
MR A SEIRE FRHEXRE, UL H Rk E
B e R H A Ve A RURIME SR LST s, Y AH R R 4038
B L5 BN, B AR U5/ B Al OB A3 V8 2 1 LT,
A2 PR A AR , JUEC TR AR S PR R VR s i 22 ) 2=
TR A BETIRR , BEE T MR IRIE T R AR
ViR ZE 3G, Foad ¥ H SR ST RI BEZ TR R
o T RR R R A A FE TR S KRB TFRE
P B AE SR , WK B 1 229 A At ok 5 M R
HAIE Y ED R FIME A LT R B AR S 5 L4,
W RS R I v 5 L LT, AR SR R B R T 0. 97,
R BEKT X —EZ B EARBVIRR, A
TR HN IR, e LST, R I FEZ T RE#EE
3 FigHitie
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Fig. 3 Seasonal variation of the main climate factors in recent five
years in Quanzhou City, Fujian Province
P rp T T2 T3 il RF 235148 2255 0 1 249 SO0 AR 3 U A8 i
ZMAYMEKE  The letters of T1, T2, T3 and RF in this figure
denote seasonal mean air temperature,, lowest air temperature, extreme

difference in air temperature and mean monthly rainfall, respectively
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Table 5 Correlative coefficients between seasonal climate factors, SCP and LST, of Coccobius azumai adult

FHHRLRHETF O 3 e A Y ) TR L YR £ WS LST
Seasonal climate factors SCP of female adult SCP of male adult LSTy, of female adult
34 i Mean air temperature 0. 8901 0.3297 0.7611
el Lowest air temperature 0.9772 0.5607 0.9020
i 2 Extreme difference in temperature —-0.9807 -0.5747 -0.9092

H #f#sK B Mean monthly rainfall -0.0100 -0.6973 -0.2401

JE R, 3 ¥ #0155, SCP of female adult - - 0.9731
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