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Functional response of thelytokous and arrhenotokous strains of
Trichogramma dendrolimi ( Hymenoptera: Trichogrammatidae) to eggs of

Corcyra cephalonica (Lepidoptera. Pyralidae) at different temperatures
XIE Li-Na*, DONG Hui*, QIAN Hai-Tao, YAN Jing-Jing, CONG Bin* ( College of Plant Protection,
Shenyang Agricultural University, Shenyang 110866, China)

Abstract; Thelytokous forms of Trichogramma are often associated with the presence of endosymbiotic
Wolbachia bacteria. Laboratory tests were conducted to evaluate the functional response of thelytokous
and arrhenotokous strains of 7. dendrolimi by using the factitious host, Corcyra cephalonica, at four
constant temperatures (20, 25, 30 and 35°C). The results showed that the parasitism efficiency
increased with increasing host egg density. Type Il functional response turned to type I for both strains
of T. dendrolimi with increasing temperature. For the thelytokous strain, the handling time was the
shortest (0. 0207 d) at 30°C, and the parasitization rate was the highest (48. 31 eggs parasitized per
day) at 30°C but the lowest at 35°C. However, for the arrhenotokous strain, the handing time was the
shortest (0. 0188 d) at 25°C, and the parasitization rate was the highest (53. 08 eggs parasitized per
day) at 25°C but the lowest at 20°C. There was a significant difference in functional response between
the two strains (at 30°C, the thelytokous strain, type Il ; the arrhenotokous strain, type Il ). The
handling time of the thelytokous strain was significantly longer than that of the arrhenotokous strain at
25°C and 35°C (P <0.05), while the situation was reversed at 30°C. These results demonstrate that the
functional response of T. dendrolimi is significantly affected by host density, temperature and Wolbachia
infection.
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FRHR ¥ J& Trichogramma spp. 7 Hz i & — 2K B
FEMERBRESR, TIZATHIRSER A F 3, KR
e o LA IR 7 R 1 7 M P A BEAR A0,
WP B, i R % Wolbachia ¥ 1 8 9K M 7 M A= 58
(Stouthamer et al., 1993 ; MEE, 1998) , 5WitEA
B AR AR AR LY, I 7= I A B 7 IR e B B B
FESGRCR | FEARSR BE T E AT AR 455 5 8 L AR B AR
A7 A S TELF, BT LA Wolbachia 175 5 JME
FEMERIA 2 4R 5 A HR 0 A B 3K RE I B BUE 1R
(Stouthamer et al., 1993 ; ¥EELE, 2007),

Wolbachia {=5% % 717 HR 368 R 1 ) 8 42 46, X 5
A7 S FREWAFAER I . Hoogenboom 55
(1998 ) W52 R B Wolbachia FEAE [ 75 HR 68 i RAEA:
SRR AR ) BRI AE R BE R T
Silva 4 (2000) B T X REFMBEERMEFT T
cordubensis FI T. deion 1] Wolbachia F:H= S Z FIIE &
MmARMAETERE S VBB I A AR, SRR
B, R4 Wolbachia 3:A4: FBUETE JJREAL, HET
YRLRE I AN SEBR AT AR BB B4R R, S TS AR A Bl
VERE J1 38 fin, van Hezewijk 28 (2000) % j& T.
minutum JIOHE= A58 G 7R A ICAT R 2R B B 2
1o FECPIME 7= i 5 3R . Hohmann % (2001 ) 3@ 1 He
BRGL Wolbachia fh R FIARIEGL Fh R AT T. kaykai 77
TERMEFHR TN, RURBERRNEEEST
B R, IR EHERE R, (HA54am 5a Tk
L i) il Ro De Almeida (2004 ) ) BF 5% K B
Wolbachia %t T. atopovirilia W) &4 & . Xt 2F 3 DP
HITRIR LA B 7= B ST o et KHIE B 5 I LA &1
B . FEE L5 (2007 ) i@ BE 5T Wolbachia 3%
Xf T. confusum FFfiy A58 1 FINRGE S LM, 3R
B Wolbachia 129 V] 155 T. confusum F7A 582 PN
FEMEATE, SN L], (BEa AR T b
B R B R WE RRAR, X WRDE S 7 A 67 T
A

MFRAREY (S5FE) BETHESE (HFE
BB (B4 ) UM AT VR KB A B RRE , 1
fnzhge i (Holling, 1959 ; Farrokhi, 2010), [RE
AEE MBS S BHR T T s, TIRER
L REVER HLAT R B T RE T . AL A
XPPNHERWET, BRI KRB # H =5
REMEZEIE N ( EEAL MR/ M=, 2005) . AAEH IR
AR#E T. dendrolimi j2 B RTAER EM R B IRA , B
PG RS, T 4. kA B e 1) —Fh R IR
B (XM A A A4, 19965 K igHE, 2006) , HA

RbAE B R AR 8 2 BB S I 5 THT 9 iR 55 20 (R 3k
&, 2005) , TXS A4 =6 H s AR U T BB F R FR AF 9 T
P B E A B RSB E R R AR E , N
B PR A5 ORI FH BB B A — s i 98 R . TIRBIR
N2 & AV EEAEEY E F TR AR,
SMRFFEE IR 2R, DIRE R NLE A] LA IR
B [F) RSB it 28 8] F) 22 53¢ (Farrokhi, 2010)

H, A 3CHFR T A RE IR T4 AR IR 9K
WEP= ME G &R R M A BB SR XK ], Coreyra
cephalonica YREFHINBE RN, B FEVFH 7 £ 9%
IRLBEFN Wolbachia %1% ¥ 75 A RE I 2R, AR
Wolbachia {238 JIME 7™ M A= 78 1) P B LR AR 4 7E
AWl 6 R BEEE AR .

1 #MR5ETE

1.1 k48
111 #fh. AW HE B P 6 H of R e It
FEMED FR L A B AR AR A T AR B T R UK R3S B
WRAAR L K2 A Y B iR R E iRt . Hor, 3
B HU R HR S pICHE ™ M o R PR TdW ™, MR B HLIR
IR e 9 A o R TR R T
1.1.2 HIERERINR . BUBERIRDE (<24 h) 35
FEIRAE A RABRE 48R Ll 2 oK ik P 42 04 =
MR FH 18 W 58 AMT 15 cm Ak FE S 403 30 min,
#Ho
1.2 RWHZE

B 5 ANRERIPF AR, BB HEE
(®1.0 cm x4.5 ecm) NAHEAKEE S, 10, 20, 40
160 RLEK IR TN R o B K i 5P 25 BE Ab 3 43 3 2
A1 Tdw* 5 1 SkEELALH Td M (P40
x), BFATLSMBEMNA, #£20, 25,30 f35+£1C
4 MRFERREE, MXTREE 75% +5% , St 16L:
8D, AL ESR 10 IR, FAHEBRFAE24 h 5B
e, I RIEE B T 25 £ 1°C (FHXHREE AL
JAHE L) 4hse3h 5%, it F AR LORRIIASRE
ZHERHE) o
1.3 HELHH

R FHE YR SAS V9. 0 G it 84 k47 41
Mo DHRER N EHR 7 BT B P22 08 . | el
IR EHE R A Logistic [5] 9 557 x& T BB J2 L Y 28 B
(Juliano, 2001), RPLATF ) 25X sR% (1) XF2F &
B A A R SR ) I R BE AT [0 43 #T
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Na _ _exp(Py + P\No + PN + PsN;) (1)

Ny 1 +exp(P, + PN, + P,N: + P,N;)

K Na HHFEFIRIBIDEG N, A E R
IRIREERIBILR L, P, Py, P, M1 P, HSH, R
B RR AL T 217 S 5 ff 1 (PROC Logistic, SAS
Institute, 1999) . HR4ESHE 51 HIK I HE B A :
P, =0 i 1 BUTIRE N ; P, <0 B2y 1T BLT)RE X
N; P, >0, P, <0 B I £ 2 58 < v (Juliano,
2001) ,

WETRE RN KA, EEEAIE KT RE RN
FEFI FH 9E £t & /N — 3 [ 5 77 ¥ ( PROC NLIN)
(SAS Institute, 1999) fti 113y 68 Je iz Z ¥k 8] B it
o' FALE R B] T), o A2 K 8 5025 B2 & A2 B
A5 (FF R A R AR , B 1 81T)
e/ ML R A R (2) Holling [B # 77 B # 17 M &
(Holling, 1959) , TIZIThEE S H (4 % (8] Bt 2R bl
KR BT AR AL, N (3) AR (2) BT
RIThEe R N A2 (4) (Hassell et al., 1977) :

Na = a'TN,/1 + a'T,N, (2)
a’ = bN,/1 + ¢cN, (3)
Na = bTN./1 + cN, + bT,N, (4)

K : Na g9k 3546 FIOR IR BUE ; N, oKk
SR BE; T AL aF A B iE) ( R kR L A 1], 1
d); o' JgBRE Bt 2R T, AL ERSE; b Flc
G

FALAF A2 EL i B AR IR % 7d 1 TdW ™ 1
Ife % 7 ( Juliano, 2001 ; Farrokhi, 2010), =
(5) % M ZITyRE S L 24T LA, T RS T R e g A =X

(6) Hkk:
' +D,(j)]TN,
No = i Ta +[Da<j)][]T)h]+DTh<j)JNo (3)
(b + D,(j) ]IV,
N o+, + 001N,
Ko AR AR (R Td RN 0, TaW* &
RN 1), BHD,, DA D, FIRHEF SR
S, 0 Td B RMAE T,, T TAW AL B
Ty+Dy , % D,, D, M Dy, 5F 2 8274 B (B
H95% BEREIE0), WU R AR B
R R AR %A B 02 5
7 ANOVA 72240 H7.

2 #XR

2.1 A [EREE#A T M o AR e X ok ik D B0 B A Th gk
RRIZEE

FIFH Logistic £ 7Y X} 328 56 %048 #E 17 [ 5 49 47,
GERNE 1, MBRARRE TdW" § RAE 20C F
25C K MATRE W 2EH, A P, >0, P, <0; IR
FE T B 30°C 1 35°C Ty R f B 2R A1 AE O 11 AT
RN, B P, <0, Td 5 REEKIRY N AT 8
N, M4IEEE R 35°C IR A Th RE I B 28 B AR Sy T AT
RBIRNL (K 2) o K AR5 IS 5 SEMME HEAT
F*HKR, ¥ HEHNTHEAHEETH Y HE
(Xo.0s.4 =9-49) (F£2), ULHARTGEE M Th B8R 7
RUE SR BRI,

F1 REARREIE MR R (TIW" ) MAHEEER R (Td) 3REIPEF EXESYHEER Logistic {135 R

Table 1 Results of Logistic regression analyses indicating estimates and standard errors of linear and quadratic coefficients

for the proportion of Corcyra cephalonica eggs parasitized by thelytokous (7dW* ) and arrhenotokous (7d) strains

of Trichogramma dendrolimi

TdW* Td
BE(T) BB \ B ) ,
Temperature ~ Parameters i SE X2 fi it SE X2 fi
Estimate P value Estimate P value
P, 0.2895 0.2087 1.9249 0.1653 0. 1468 0.1794 0. 6699 0.4131
20
P, -0.0113 0.0069 2.6887 0.1011 -0.0037 0.0059 0.4077 0.5323
P, 0.0110 0.1792 0.0038 0.9510 0.0937 0.1768 0.2807 0.5963
25
P, -0.0118 0.0059 0.0398 0.8418 -0.0030 0.0058 0.2655 0. 6064
P, -0.0184 0.1874 0.0096 0.9218 0.2397 0.1836 1.7033 0.1919
30
P, 0.0008 0.0062 0.0188 0.8910 -0.0079 0. 0060 1.7696 0.1834
P, -0.6315 1.2523 0.2543 0.6141 -0.0315 0.2083 0.0299 0.8798
35
P, 0.0226 0.0442 0.2604 0.6099 0.0002 0.0070 0.0007 0.9782
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F2 FAREEBEETHREAFRRENE~IERR(TdW" ) MAEEERR (Td) W REPHOFTENER ML R SH
Table 2 Estimates of the functional response type and parameters for thelytokous (7dW* ) and arrhenotokous (7d) strains

of Trichogramma dendrolimi to Corcyra cephalonica at different constant temperatures

L SRR L RS H

AR WECC) Functional Functional response parameters a' (d71) T,(d) r Na . X
Strain  Temperature
response type b ¢

Taw* 20 I 0.0119 £0.0133  0.1675 +0. 0582 - 0.0594 +0.7416 0.9799 1.68 4.1576

25 | 0.0488 £0.1453 0.0339 +0.6519 - 0.0829 £0.0560 0.9929 12.06 0.0466

30 I - - 0.3443 +0.1504 0.0207 £0.0155 0.9641 48.31 0.0061

35 I - - 0.0333 +0.3179 4.1443 +0.0303 0.4651 0.24 5.9774

Td 20 | 0.0170 +0.1186 0.0919 +0. 5305 - 0.1498 +0.0685 0.9974 6.68  0.0809

25 | 0.4765 £0.3825 1.3839 +0.5847 - 0.0188 +0.0213 0.9973 53.08 0.0069

30 I 14.259 £0.2194 43.797 +0.9814 - 0.0275 £0.0370 0.9944 36.36 0.0241

35 I - - 0.3021 £0.1923 0.0698 +0.0200 0.9950 14.33 0.0136

TR BAE A E + #3%EDR Data in the table are mean + SE. a': BE[E] 7 % Instantaneous attack rate; T, : &b ¥ i} /8] Handling time; r: &R %L
Coefficient; Na,,. : T K H 774 Maximum number of eggs laid per day.
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Fig. 1 Parasization of the thelytokous strain (T7dW™ ) of Trichogramma dendrolimi on Corcyra cephalonica eggs of

different densities at different constant temperatures
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Fig.2 Parasitization of the arrhenotokous strain (7d) of Trichogramma dendrolimi on different densities of

Corcyra cephalonica eggs at different constant temperatures

2.2 AAFTEERBRENBRERFRETED
#8 5 RE B B 0

AR ARIR ¥ TdW ™ 1 Td Wi~ & RAEA A 2F
F5% BE AR EE T X ORI A A AR E G R L 1 70
B2, NEHATAE S, EMIREMET, A
il Z N K AR I B 2 A= A 4 Bl A 32 2% BE 38 i 3
K5 AFENREESAE T B R X ORI B8 37 AE B 7
o WTEE R B INR X T AEBFEREL N (F oy
=5.932, P<0.01; F,, =4.235, P <0.05), R
TELBE T WA i R X K IR BB ) 7 AR T BB S S A 1
GERWNE2,

WEET T % o FIA BB E] T, 2P KB A
FRHERRRII FESE, BRI 3 o KL
EAFIE] T, 8 B A7 AR AR 84T (Juliano, 2001) o H
F2 A, TE 20 ~ 25°C {5 P9 B IR BE AR 3
TdW " fh R BB i 36 o/ G0, AL B B8] 7, 8
/N, 7E 30 ~35°C Tl N REIR EE s, HoBRe

R o' FEAR, TALERE T, K, TdW* G FRLL30C
HIAL B SR T, B8, 4 0.0207 d, S K HHFAERR
48.31 3k, RPbET & A MR &4, HIKE 25C,
35C iK% Td S R B Sk 3 o FILL B H T,
BEIR B R 2 M A AR AL, DL 25°C 4L B B[R]
T, 55, #0.0188 d, Ak H 24 &K 53.08 3%,
AAROREST, HIKZ 30C, 20C K%,

2.3 MEHFRREME~ERANTEEERR
Xof A ik B BT 4 Th B K RE EE 4%

HIZ 3 AIA, 20°C°F D, 1 Dy, 19 95% B A5 XA
BEO, UM R RNAENEE T TREEER,
25 FM135°CF TdW* G R BEET Wil R B/ T Td
mAz, HACBENEBERK T Td iR, #£30CTH
i R T RE R B R BRG], TdW ™ 5 RIIBE R
A, Td SRR MAE, Tyge S ZE A RN S 4pk
BT F g SORIR], B ATCIE T AL, (HULE Td
iR EREBERT TdW' HR,
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R3 TRAEETRERRREIME MR R (TdW" ) W EEER R (Td) HEERESH LR

Table 3 Comparison on functional response parameters of thelytokous (7dW* ) and arrhenotokous ( 7d) strains of

Trichogramma dendrolimi at different constant temperatures

e A R 5 B K

() Difference from the control and the confidence interval

Temperature

D, (95%CI) D, (95% CI) Dy, (95% CI)

20 - 0.0051 ( =0.0175 -0.0042) 0.0904 ( -0.1568 —0.0238)
25 - 0.4277 ( -0.0083 -0.7013) -0.0641 (0.0531 -0.1043)
30 - - 0.0068 (0.0006 —0.0047)
35 0.2688 (0.0053 -0.0723) - -4.0745 (0.1268 -0.4126)

D, #01 Dy, 5350 FAR A ik T 24N T4 D R SE T 4 it 2R (DGR AL 3R 22 55 Do, PSR 5L 199 ot 2R DAk 8 P [R) 2 53 5 95% A% IXC 1025 O JU
W ARMBZERABE, D, and D, denote the difference in the instantaneous attack rate between two strains in Type II and Type I functional response,

respectively, and Dy, denotes the difference in the handling time between two strains. If zero is included in 95% CI, it indicates no significant difference

between two strains.

3 g

RELHI T BE L A P RO 3 H A3 11 35 R
H—IERE Y, BT M RXEB-E MR ES
B EZENE (Farrokhi, 2010) , ABFFREEREY,
HEBEE . JELE M Wolbachia it T Ht 77 IR 8 (1 T
RES N 345 B B AR . A i 3R 389 B 2 K Ik O 2%
FERIBEIN, FFA B K, BT DATER K SR 278 v
FRB I TE R A S A O EL, KR B 4 B 5 K 2 I
FHME,

HERERUGERMBERAEKE T MEE, F
iR I e A N s e (W N A A
(Mohaghegh et al., 2001) , <3R5 H #A & Ht 7% R 4
P ZR X KR B f) 2 A T R S L 247 BB R B T 5 P
MR A g TR R . RELITIRER B2 T &Y,
MRS W 4RGE 30, TS R b 22 B HESh ),
RE R, bEE 7 E5E RN, B R
HEhnak B 458 (T B4R, 1994) , HAr A%k
B EIE RN, EIeME, FOE, &
55 1154 J o — 2 B 3 K ke 4, A i 22
JIT LA HE B 3 4K T R E T — R A O 2 RN
W, lEEFEWEEN M, BREHH K
(Hassell et al., 1977) o XF R [RIFR5E 54 (o1 07 P A7
HEZR SR MEF ARSI RIT N (K
5, 1983) , BT ABREE AR 28 b 0 H IR B f9 A fb X
BWRITHFEBEE W (RS, 1986), IAEHR
AR B 5 RSB I PR B B AR 2R LGB AR
IFi] L E 2% 14 T B A2 5 3K ) B I 25 R A A 11 R

A o 7351 Moezipour 45 (2008 ) 3 izt A 53 A~ [ I BE 5%
BFHBERIKIFIRE T. brassicae X} 2 . Sitotroga
cerealella WZF A TNRER BRI, 25°C 7 T BT REI
i, 20°C F1 30°C T T A B GBS L o TA K Y B Ff
G R M B B8 TT, BB IR A AR FIR
AFLEDR, FEEREERT RS SRR T, SEFA
FHR TR M BN, WFRE K IR E IR B ) F
55, 3% Wolbachia 1734 i ¥ & HU iR HR 84 LU G 14 A2 7H
AR PE R —MREERSE (30°C) B A 1L B4 BB B,
It H s ab & e e 4, B R MK H FAR,
T B2 B T 52 Wolbachia 12 3% HHA TR HUIRHR #
X VRBE AR AL S N R A, R B B AR FEAT O
& MR

W B T8 i 2R fe KAk B ] 5 6 B oAy o 3 TR B
(Moezipour et al., 2008 ), TdW* W) & & & JE N
30°C, MmFFAERRK, HIKE 25C, 1M 35CHJL
FRAFEINS, XA RERH T 35C R IEH MmN E R
FRAR ¥ Wolbachia 5 Y5 Ho3t 2% PIVHE ™ E BE ) T
ToEA A (IR AN, 2006) . Td & R
B R EER 20°C o 7EAI FIOK IR EFE 9 i R, Wik
B& BEEMIREHITET, UREEFRER,

T 3 AR A T H 0 R e T = e ot R A M A
BEL i 28 Xof KM% B A A= T B S L 3R B Wolbachia 3
WA HRIRIREE DI RE R o A [R) IR BE 2R A T AR IR
7 IR A O 7= I o % ARV P 2 T R X6 K M B Py A
BRI EER . BR20CHLRLEEEER
Hb, TE25CH3SCTAW " i R LB A B ER T Td
mnE, BRI TdW™ i 28 35 A2 K M5k D B 46 3% 1) B E) K T
Td {h &, 30C|RZ, Al BUG BIFHBIERCR AT
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AR IE M5 R Farrokhi (2010) #F 5%
R, BYe Wolbachia 1) H 1A 7 15k 71 HR 96 Xof 22 15 1)
Ak B B[R] AR X TR Y Wolbachia F & 3R, T
e R AR &G Wolbachia W i R YRR K /N TR, A
3% Wolbachia JE&IG% B & Z8 TR /N (4] 4n bl
F R I/ N I P 2 B BEAR ) T A A BT Ak
et K,
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