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Effects of temperature and photoperiod on the development and reproduction of

Coccophagus ceroplastae
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Abstract: Coccophagus ceroplastae is one of the important parasitoids of Parasaissetia nigra. In this paper, the
development, fecundity per female and parasitism rates of C. ceroplastae were studied at different constant temperatures and
photoperiods, respectively. The results showed that temperature and photoperiod had significant effects on population growth
of C. ceroplastae. C. ceroplastae could not complete its life history at 32°C. The development rate increased significantly with
the increase of temperature between 18°C and 27°C. The development duration were the longest at 18°C (54.0d) and the
shortest at 27°C (22.8d). The thermal threshold and effective accumulated temperature of C. ceroplastae were 12.76°C and
307.62 day-degree, respectively. High and low temperatures were not suitable for the parasitisation of C. ceroplastae. The
parasitism rate of C. ceroplastae was the highest at 21°C (36.0% ) and the lowest at 30°C (4.5% ). Giving the development
duration, body length, parasitic rate and fecundity per female, 21 —27°C was optimal for the development and reproduction
of C. ceroplastae, while the temperature over 30°C was not suitable for its survival and development. C. ceroplastae was
sensitive to the photoperiod. The development rate and fecundity per female increased with the increase of illumination
time. The development duration was the shortest (24.8d) at the condition of L:D =16:8h and the longest (27.8d) at the
condition of L:D =10:14h. The fecundity per female was the highest (119.6 eggs) at the condition of L:D =16:8h and the
lowest (86.2 eggs) at the condition of L:D 10:14h. Giving the development duration, fecundity and parasitic rate, L:D =
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14 —16:8 — 10 h was most suitable for the population growth of C. ceroplastae.

Key Words: Coccophagus ceroplastae; Parasaissetia nigra; temperature; photoperiod; development; reproduction

W BI BRI W ( Parasaissetia nigra) J B 2004 4 LURTE Z BAR IR b KT BUR R B B —FhEEF R,
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35 B I AMRAE , BRI BRI B R BRI R & 5T o BE A My 5 /N ( Coccophagus ceroplastae) 2
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GpAR, EEA A IR R B 4h R A b 0 1 15 ) TG AE SRS WY Ceroplastes rusci F1BRIRUMR £ Wy
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MR 1 HAE H BER R/ NE R R T PIIE 18—27 CHE R A FEIR BT+ = i 46 4, 18 C bR &7
A 54.0d,27 C i fE Jy 22. 8d; T IR B T2 30°C 4% MU ) & B A BT <, 59 -4 Bl i A0
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*1 BEERWFMNEERREBRETHRERHA
Table 1 Duration of C. ceroplastae at different temperature

HhIE/C B9 1/d Wis/d fibF/d

Temperature Egg-larva Pupae Generation
18 33.2+£2.1Aa 20.9 £3.7Aa 54.0 £10. 1Aa
21 21.3 £1.8Bb 12.9 +1.7Bb 34.8 +5.1Bb
24 16.8 +1.4Dd 9.2 +1.2Ce 26.0 +£3.6Dd
27 15.3 £1.6Ee 7.7+1.1Dd 22.8 +3.6Ee
30 19.3£0.9 Ce 8.2+1.7 Ce 27.6 £3.2 Ce

RPN T = b, RS A R/NE RS PRI B IR 205 225397 (DMRT) 777E 5% Fl 1% W25 ) 5 TR

2.2 AMBERKEEAEE

R 2 AL I EL EAE TR R TR ROR B LR —4h s B ik, 70 518 10. 2°C , At A B S 2351
N 12. 8C s HACA AR N 306. 6d-C o ARIEHAA BRI HEMFR &R 13—14 X EZ m AN T & AR

12—13 1,

x2 HERMIFNMNENTRRERLFTREABE
Table 2 The threshold temperature for development and effective cumulative temperature of C. ceroplastae

B RERARE AR RE BRI B R
St 7l Effective accumulated The effective accumulated The binomial correlation between the

a8° temperature/ °C temperature /(d+°C) temperature and the developmental rate
Bl -4y 113 Egg-larva 10.2 242.8 y = =0.0005x% + 0.0279x 0. 2988 R? = 0.9675
I3 Pupae 12.8 107.1 y = —=0.0007x* + 0.0393x - 0. 4427 R?* = 0.979
21X, Generation 12.2 306.6 y = —=0.0003x% + 0.0185x —0. 2039 R* = 0.9028

2.3 FARSEEHIXR

PR Wy U5F /N T AR ) B B g ) A A RS2 IR R
M B, SN 1 AR DU B R /N B 7E 21°C
A AR I A 36. 0% , 30°C I AF A AR AR N 4. 5% ;5
21°C 24C K% 27°C 45 3 MEEZ F A EREZF AR,
F UG AT AL, R R AR T 2 ) T DR A g i /) e 7 A
PRI A HUBDE B IR BE D 20—27C T
2.4 JRBEXT B R IE /I e S i R A Ay SR R
O R AR B

50 Aa
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g
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e
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i Temperature/°C

E1 BEMNMERNIF/NNENTERNHMW
Fig. 1 Parasitic rate of C. ceroplastae at different temperature
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18—24CEE N ZFAWIE, 20507 80. 1,92. 3 86. 4 ¥i,{H 5 27°C I 30°CHFAEM .3 22 57 , 30°C i 7™ I & (L
4 39. 1AL (R TE B BORLBE T BEIR B 49 BT BMA R BT R d, 18°C/MEMR K K 1. 18em, 30°C /MR K
AN 1. 03em, fHRFE 21°C 24°C 27 CZJH] T REAB L.

MRIER 3 B, 20 FIN 0 E = IR -5 IR B M R AT fh AR (FZ) [BIH, HOC R #2700 -

HLOHE Y,= -2.1966T* + 101.7T -1014. 1 (R =0.8678, P<0.01 )
4 Y, M RE0R 0,15 401 & f i B IR BE D 23. 15°C  fe KBy 163. 5 b/
e Y,= -0.626T° + 25.977T - 181. 61 (R=0.9509, P<0.01)

2 VB HC 0,157 00 B B i AR E D 20. 75°C , e KB 87. 88 i/ M
2.5 JeRAXEE B

M 4 HRTF O S X S R A5F /e D — 4 s R e B S, O S B R [ T O,
R K2 LD 10:14h, 75 17. 4d A RERF B4 , B S8 A2 O6IE Lo LD 16:8h, A 14. 6d g A] LUK & 24, 1Y
FOERBZMF T, OLrE Ly LD 10:14h A1 LD 12:12h Z A2 5 A B3, 45 LD 10:14h (LD 16:8h 2 ] 24K 2
E RS HYOE A S RN B, S B2 LD 10:14h 25 9. 5d, S A& K2 LD 16:8h 2y 9.2d; )64
X HEAC TR B 2, S A2 LD 10:14h 3y 27. 8d, &G /2 LD 16:8h Jy 24. 8d, HARE[H ¥/ E B & 257

®3 PRI MNEERERE THR RS JENE =PREK
Table 3 The female longevity and fecundity and length of body of C. ceroplastae at different temperature

B/ B/ d Eihh =g A 7 (Z3S
Temperature Female longevity Fecundity/eggs Oviposition/eggs The body length of female/mm
18 10.1 £3.1Aa 117.1 +18.1Dd 80.1 +8.3Aa 1.18 +0.08Aa
21 7.3 +3.1Bb 131.6 +28.4Cc 92.3 +4.5Aa 1.09 +0.06Bb
24 4.5+2.1Cc 150.9 +24.6Bb 86.4 +5.6Aa 1.07 +0.06BCb
27 4.5+1.3Dd 165.6 +36.8Aa 52.2+7.7Bb 1.09 +0.07Bb
30 1.3 +0.6Ee 44.0 +8.3Ee 39.1+7. 8Bc 1.03 +0.03Ce

F4 XBHEEIERMENEREHHHHE
Table 4 Effect of photoperiods on development duration of C. ceroplastae

Jef(L:D) -4l s/ d UE/d 2HA/d
Photoperiods Egg-larva Pupae Generation
10:14 17.4 £1.3Aa 9.5 +0.9Aa 27.8 +1.8Aa
12:12 16.8 £1.4Aa 9.2 +0.5Aa 26.2 +1.6Bb
14:10 15.6 +2.0Bb 9.1+0.9Aa 25.6 +1.6Bc
16:8 14.6 +1.3Cc 9.2 +0.5Aa 24.8 +1.5Cd

2.6 LRI MERE Ay RN E R OEE R R B R

MFR 5 HRIF H G R XT BE B i /N e ) B R B IR 7R IR AR K R R i i B R
EC 3G N T B, LD 10:14h 1% B 2K FHE AR, i B 48 6 BEA | F U A0 s O &7 LD 12:12h B %
£ 150.9 8, BELT LD 10:14h(142. 3 ) 1 LD 14:10h (145.4 %) , B E L T LD 16:8h K&
(139.2 %) ;PR &7 LD 16:8h Bl i %, % BB B Bk /D &K LA LD 16:8h F K4 1. 15mm, BE K F LD
10:14h, 2 B 2K F LD 12:12h(1.07 mm) & LD 14:10h (1.09 mm),
2.7 SR T RE RN

ME 2 HRTF H, R A X B R i N B 1 A AR e N B &, LD 10:14h (LD 12:12h LD 14:10h LD
16:8h 2514 F FF £ 25 5|4 31.49% .35.0% .32.22% \31.19% ., BEEMBLE R N FAEZ EZRA
B,
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x5 XEAHXIBEARYEENER R EF G SRR FINER AP
Table 5 Effect of female longevity and fecundity and oviposition and length body of C. ceroplastae (female) under different photoperiods

St (LD) B F i/ d Eihh =g A 77 B/ R (Z3S
Photoperiods Female longevity Fecundity/eggs Oviposition/ eggs The body length of female/mm
10:14 5.5+1.8Aa 142.3 £28.1ABb 86.2 +27.6Aa 1.11 £0.06 ABb
12:12 4.5 +2.0Bb 150.9 +24.2Aa 86.4+£9.9 Aa 1.07 +0.06Bc
14:10 4.6 +1.6Bb 145.4 +31.9ABab 103.8 +7.6Bb 1.09 +0.08Bbe
16:8 4.5 +2.0Bb 139.2 +40.4Bb 119.6 £15.3Cc 1.15 +0.08Aa
3 it E4%iR 400 Aa
N e Aa I A‘|? Aa
3.1 JRBEXT B B I /N PR R R < 300 t t f
IREER R B A K R T AR 2 AR WE T ﬁ 200
FERF , ALHPFRGEREN FERBKET B # 100

PG N R T K, R R, AR o
PR SEE S PR 5 v 1L X R 3 M A /) B )R R B K, AR R (D)
S i R BRI R, T R R A e I Bs S L A 8155 M
7J(5}2§ Ziﬁé'y& ’ YEFEX& u%ﬁfﬁﬂ o %éﬁﬁrﬁ /ﬁﬁ \%::EE$ »  Fig. 2 Parasitic rate of C. ceroplastae at different photoperiods
PRONE 7= BN 1, SR M A5F /) B o e K A3 B
IREED 21—27°C 78 21°C LAF \30°C DA _E B IR BEANE & SO 2 i iof /I e e 7 e B0 o

TEAS PR A N R R B TR A A S AR A F ERFRM K B E S HGEERE
AU 9 A G BIR T AT R+ 20d, A AT 45 RAE 27°C T el 22. 8 d; [FIFRAESH ¥ RE B A7 7E L
KIOZE S, BF M B9 1 AP M 34 1 249 B ME PR BB B8 Dy 107. 5 8%, T A= YR 06 2 BLZE 38 ED IR BE (27°C) B Rk
165. 60 L, 3X ] fE-5 S I FHHERIR |7 £ A EROR R B GRS AR A 5E, HARAS SR A 1 iy LG i — 2
MIBTTE o HUK, BHFESE R R BRI OR R AE 18—27 C Vil P4 G IR BE Bt e T i, 98 BE Dy 30°C Fi 4t B 8 il T e
(44 8L) , 22 A VR BE (K 3ot 785 0 2 0 46 00 AT 2 o 53 A, B3O £ F /)N 0 £ 2 £ S 32 1R BE S e B B, T IR
(30°CRA_E) AR (15°C AR ) A AR 241K, Ul I AE iR AR A 1F T XS AR AE AR, G521 5 55 — Pl A B
SR AR AR N AR AL
3.2 JBRAMBSR R/ NERR R

SRy — R R B AEE TR ER, ERE RO AMT , B BSCE ™ 00 R T 3 S A RN
A BRI RS T PR S MR SRR B L AR O B R, RS BT R D A A AE KRR H
IR B A A A ) o AR TR G SR AT Y, B 0 g/ e oK A 3 8 B BURR, K (O
ELo 16:8) 254 T H A B bR = i B B B3 , Bl B AE KOOGS AF T B R BF /N AL T EL BB BRI R B
AR, R T H RSB A A7 AR 0 s SR T, BRUR A3 A A 7E K H IRARIF T B 400, S50 /N e Jh L 25
B BLSE S R R 22 AT B S BES AT I 05F /)N i Oy B 40 L % AR, K I BRAR R 7 O B HUIRAT ¥ B3R
T /M R R TR TR

AR BT T IR DB RIPIAN R R 5945 B 08 DR 3R AR B R /N e e R R R R, A
JG BT B XHE Ot R R R B E TR, A 68 T AR R X B R /N e B R
PR HK, BRWHST F BAeE R iR B ORISR T AT A R A Oy = R B B R ALK, (B T
B HAE B AR RIEDERM T IR LR A T MA T B —8& 7efE OS5 RO R &R 2K
CERRATAEZ R | BT LATE L0 A B P 8] AR R T S 7 437 R B AR R A R

Zr BRR, IR AN R B9 A 1S A B B i N RS R BV A B TH RS EY
FEIREEX R RIK T LB OAEEAR FRE R A GE 55 Wt & DU Y 7 £ R
AR EE AP Rl 5 /N A IR IN BAFTE 2 5, XU T A A R B B N B0 5 B HER R
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