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Parasitism of Sclerodermus pupariae ( Hymenoptera: Bethylidae) on the

young larvae of Massicus raddei ( Coleoptera. Cerambycidae)
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ZHANG Xian-Wen’ (1. Key Laboratory of Forest Protection, State Forestry Administration, Research
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China; 2. Forest Pest Control & Quarantine Station of Kuandian County, Kuandian, Liaoning 118200,
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Abstract: Massicus raddei (Blessig) (Coleoptera; Cerambycidae) is an important wood-boring insect pest
infested Quercus spp. in northeastern China. To explore the biological control approaches, parasitism of a
recent described species of parasitoid, Sclerodermus pupariae Yang et Yao, on the 1st —2nd instar larvae of
M. raddei was determined. The results showed that the number of killed young larvae of the longhorn beetle
significantly increased along with the increase of host densities during the parasitoid adults’ feeding on hosts
for supplementary nutrition. The functional response could be described by Holling type Il model, with the
average maximum Q. 53 host individuals killed per day. The functional response for parasitism fitted Holling
type [ equation, with the upper limit of host density of 4 larvae per tube during a searching time of 21 days.
When the parasitoid density was fixed as one wasp per test tube, the searching efficiencies for both killing
action and parasitism on young larvae of M. raddei decreased along with the increase of host densities. When
the host density was fixed, along with the increase of host densities the number of host individuals killed
increased linearly and the number of parasitized host individuals also increased, whereas the searching
efficiencies for both killing action and parasitism of the parasitoid on the young larvae of M. raddei decreased
significantly. These findings may serve as reference for rational evaluation on the ability of S. pupariae against
the pest in fields and establishment of technical criterions for natural enemy release in forests.
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T K4 Massicus raddei (Blessig) £ FEKHR
SHET A oA (BRIEESE, 1959), AR ALA
FEARIEARX BRI A Quercus spp. Fx Ry /™ B F) ik
THFR(FERES, 1995; EBAKA, 1999; A
&, 1999; WESE, 2001; FMREFSE, 2006), %
FHAEGEREK, 3FRE TR, FRKBIRRKE
TR TARBES, %R, 7EFRERBMOEY
TR W) R AU AR X & B T 3R R FE (9h K,
2001; K HKRAE, 2007) . HEiR i A 0 o HEREm
AR RITERE, PG RIxE, FERRBUEH
HEAR, ANTHEBE. BT AT SRR T
B, (B2 8% 1 O I (% CAF, 20005 Fh ik
-, 2001) , FEAYIPIE T E, HHRE ML TAES]
P G R e 7o N T8 T FARE RO, B
BT —L R, (A ARG IRAR S, 1999;
BRI R4, 2005), HizZRHRIREEREZR, B
ZFCT R, WA RRBA G HECE KR >
(BHRARSE, 2000),

E i3 T i BB & Sclerodermus pupariae Yang et
Yao( B H : hBRIEER]) (FF A RFTFP) B FL7ER A
RN FHE T H A H T Agrilus planipennis
Fairmaire ($§ @ H: & T HF) I L (£ /N Z,
2005) , JERAIEHRFM T WREFETE LK B
fEEHINHEE R 4= Xylotrechus grayii White 4 41 ( £
N, DARER) o YRR R G5 R R,
Bzl e . FAIMEFERIER ZERAEKAETR
FERAMAEEE T Agrilus aurivenris . SE/NE T
A. mali. HHWZETF T A. zanthoxylumi. Bk L
# T Nalanda sp.. B 20 %% K 4 Stenhomalus
complicatus . Y J§ B K 4 Anoplophora glabripennis .
A8 K 4~ Monochamus alternatus, BEK 4+ Thyestilla
gebleri 55 Z Fh 3 T H MK 4 0 4 (RO 5%,
2008) . HEETE T BRI R Bak, &
FEJ1. PHUD . FEERMBERNYEGR, 22—
PR 0 R T R R E (BROESE, 2008), %
PRI AN EE AR PR L L FE,
BA RAFEYBIANHRTR . BT % QAR ERF
TFAHEALHLIX., XF 4 Z=ARIR A 52 P 7T B2 LU EQ i
BRIETESR . SHERRFI B T IR R ILK
FMAEYBE, TEOE X IL R 44 R S ER
Fiv ERWER RN, A REBARE R R, A8
FMET HEEET I EREXTEILRA 1 ~2 B4R
MFEEM, UREEBEMTE % SEEXNT
RN, PR S RAGE AT .

1 #M#REFE
1.1 K&

TR 4 Massicus raddei (Blessig) 1 ~2 {34}
H, 2008 4E8 AR HILTHREBERTUZEANR
HIAHR I AR X (44°44. 78" N, 125°11.63' E, ik
486.6 m), FEWFP HIL KB Quercus liaotungensis
Koidz., WHERZHIE 40 L L,

B2 T i BB & Sclerodermus pupariae Yang et
Yao, 2008 4F 4 H R H RETH KU X B ¥R
M (38°56’" N, 117°29' E, %1k 4.0 m) 4% F [ I
Fraxinus velutina Torr. MKZEM FHHEEF T
Agrilus planipennis Fairmaire 38 N, R B & 4
mIsEg 2= 2 N TH5R 2 AL ERR
1.2 IheERRIEI Tk
121 EBET T i e Xof B 1) R A 4 He B4 2
BERIMGE : WEZEK1.0~1.5 cm iT RAFR AL 5Y
BLS ~8 em WI/NEL, PN FIAEEEMELIB R K. H
REZ) TR RR R — “U” FRH N, HEARER
W, KrREIBIFHEAREINWT, 7ERE THARREZ—
A5 1.0 em x2.0 em FR/NUIAE, HLR A4 BRI
T PRE B2 MR A RO o B SR LU R 4 4 HUBCA M4
H, BAFWE, FEA Parafilm EAEGFUIO, 4K4
AR N BT,

BRILRAE 1 ~2 @4 M ABRR AR, #%

BARABS AL, 2, 4, 6, 8 KIEILR4 4 Hik
Fr5reH . B BRI ER 2.8 em, K 11.5 em
REHEAEN, BERACKEAHE 1L, 1
WE(AFRARFE) TR 4 K, 21 d J5#EH
AREH A IR A4 REFFIE IR, 10RKF4H
MBI A AR ARG, XA
A, DIEERAS)RE) B AL,
1.2.2 WS T IR B B 5% B X S0 R A4
SR TRR NI I . BRI R 1 ~2 %)
HIBLABRARBN, BRABRE6 LRFLH, K
JEMAER 2.8 em, K 11.5 em M RIFHHAE N,
BEDANEACEAE S T IR 1, 2,
4,6, 8%, BMEE(AFFEEHE)HSL 4
Ko 16 d J5fEHIAR Bk & S 1L R4 4 BTG 1R
L, ICRERFGRPFCTF, FA R4 =
Gpt, XTHRAAEE AMpRRIE, DIOREERA4REH
RIET-R, RITEE N BARIRFA T #4T, Ab3E
WiE = N IRE R 25.4°C (20.6 ~31.9°C), #H
XHEE R 57. 8% (33% ~70% )
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1.3 RSt 54bE

1.3.1 ZHAERDL: P T T b R e e R 7R
FEONHTR BRI A B4 AN E SR, MRF LS
AR, FERd B R 2RI —E R T
HI, ARBFFEXX 2 PO TFHIE, #5954 et
2 E 4 B BOUVE R A A R BT 20 b
B, BN SLRARETHR RN EE, W
B KRBT M — KRB IhEE R B AL, 3
Holling I ZY77 #EM~ X (1) #HAT A, ik
Holling II B75 72 i A (2) #HATHUE

a' +T,-N (0<N<N,)
Na{ (1)
a'+T,+N (N=N,)
T-a'-N (2)

Ne=1%a -7, -N

Heb, N, WA ERFERE L), N A
BEEHE (X)), N, BEEEFERAN LR
(k) , o ABRHGEER, T, HFEEREI(d), TH
SERALFERIE] (21 d), T, 2 EALBRAT ] (d) o
1.3.2 RS EHET 40T RN 4
W 2 T BOEE P AR S B A P KB 5
AR, BFEAR(3) HE, FAER
SRR AR (4) HE

N,

E=x5 (3)
1 N

E=F-ln(N_Na) (4)

Her, ENFHHBBL, N, APEFER T ERK
H, N&HEHEE, PARBEE.
1.3.3  FrAi g B X SE 1L R A 4h L RE
SBLE R - B SoR SRR AT RS 2 4

B, MEERKESFEM—RBWBAER, K5
FIF SAS BT S B E-E MO R BEHERE
1.3.4 AFRFABEZETHTRUN: FEEH
B BEXT T HRAL N Y 5 i #% Hassell (1969 ) 151 U )
B(THK, 1994),
E=Q-P" (5)
Hrp, ERFHRBL, Q BIFHSH, m AM
HTRSE, PRFEBENEE,
1L.3.5 Sutatrhss: KRR BIENSIT4
Bk Al SAS (Version 9. 1. 3) - 47 (R + &
A K, 1997; SAS Institute Inc., 2006), [H1]5
53¥i kA PROC REG fip4-, £ AR A PROC

GLM 54,
2 HRE5LW

2.1 BHEET B AR XY R L R AR &4 RAYTh&E
R R

2.1.1 BIUERZRER N HEH T MR T
kAT, HMEEERBIF 2L R)E, B A
R IR g R 3 E I MR AT RN, 9
ELHUKAVERRE, RIGA ARSI HF AL
FEEN o FEFSORAFARY, MEMERR ot AT 4 AR
LIANSEE TR, SERINEMINEK AT . WRFEME
BUN, DMESETE = DR 75 RS L Sk A 4 A R
FTRANEEFF LR FERBEEA 1 LHIELT,
S T IPBREEXT S IR A4 1 ~2 B/ R BT
VERIREE 7 3% BE B39 i (2 3 4R 1 (df =4, 15,
F=4.07, P=0.0199) (% 1),

®1 BEETHARERLURHERDRPFEER (LEF214d)

Table 1 Parasitism of Sclerodermus pupariae on the young larvae of Massicus raddei (21 d after treatment)

HEWE /) THBIER K/ TAHAER(L/ ) TP OB/ )
Host density Mean killed hosts Mean parasitized hosts Mean oviposition
(individuals/tube ) (individuals/tube) (individuals/tube ) (eggs/tube)
1 1.00 +0.00 ¢ 0.25+0.25 a 0.75+0.75 ¢
2 2.00 +0. 00 be 0.50 +0.29 a 0.75+0.75 ¢
4 3.00 +0. 41 abe 1.00 +£0.00 a 10.50 +2.33 a
6 4.75£0.75 a 1.00 £0.41 a 4.75 +1. 60 be
8 4.25+1.49 ab 1.00 +£0.00 a 6.00 +0.91 b

Rl 58 (P + SE) JE AR -8k FRm & AL 10 8] 42 2 B Lo 45 (Tukey K23) 75 P < 0.05 K F E2F B E; K2 A, Mean (+SE) values
within each column followed by different letters are significantly different at P < 0.05 based on analysis of variance (TSRT). The same for Table 2.

SRRE, T bR e X S L R A
4 K BOSEAE FH 2 BB R DL AT & Holling 1T 84 757 72

(r=0.9953, df=1, 3, F=317.33, P =0.0004)
(K1),
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__LIIT8N
- < 140.1012N

r=0.9953, P=0.0004

(individuals/tube)

FEFETHN, L)
Number of killed hosts
S = N W A U oA N
T

FEBEEN CK/E)
Host density (individuals/tube)

BL T T bR e X SR R AR 4 BT
YE PRI S BE SR
Functional response for killing action of Sclerodermus

Fig. 1

pupariae on the young larvae of Massicus raddei

NL 0. 8946 — % +0.09054, %4 % [ 45 )7 2
1. 1178N
AN =170 10028

Hep, BEBHE® o' K 0.05323, 3 F AL
] T, 4 1.9013 X/3k, #ig 21 dH1LHEER
TR X BRI R A 1~ 2 /NG U R OR B
Feithy 11.04 3%, V4 HBERBIEREN 0.53 3k,
2.1.2 FAEERYIGERN : HAFEBHEN 1k
FITEOLT, EEH T AR IL R A 1 ~2 #B/)
o4 ) B AR B R W) B AT S B R T
EYRBE KB EE, MARFELRAH LA
(K2), BAFENTFEREARTFHRETLRE
% (df=4, 15, F=2.00, P=0.1462) (£ 1),
H= R EAR(df =4, 15, F=8.36, P=
0.0009) (£ 1), KRG, HEEE T b bR Xy
SRR A A S 4 R A A VR R T BB LAY &
Holling [ Y77 #2, X2 T i b8 e R ik i 6 40 >
1 (brood guarding behavior) FF & B, 20 <N <4
B, N,=0.25N(r =1.0000, df =1, 1, F =
P<0.0001); %4 N=4Bf, N, =1, ABF5EH, 4
SRR T, S 21 d B, HESE T MR A %
FEBRR N, R4 %, BEBEE o' 0.0119 3L/K,
2.2 FEXEEWNFEESRIEAZME
2.2.1 BOEERISIRBL: FFAEEEXT T EBOUIE
FAM SRR 275 1 B M R FOW I 4R8O 158 07
2, HEGEAE TR AR(3) #TIHE, SR
R, BEEFEBERNIGEM, FEBENIRICER
BHLTE(y=-0.06421x +1.0843, r= -0.9380,
df=1, 3, F=21.95, P=0.0184)(# 3),

I 025N (0<N<4)
N=
1 (N=4)

r=1.0000, P<0.0001

e
=)
T

o
=2
T

(individuals/tube)

AR N, L)
Number of parasitized hosts

o
w
T

A ETEN CL/IE)
Host density (individuals/tube)

B2 R TR e o SR L K A 4 o 1) A A Zh BB SR
Fig. 2 Functional response for parasitism of Sclerodermus

pupariae on Massicus raddei young larvae

1.1
1+

e
o
T

FHEE
Searching efficiency
o
3
T

0.6 - y=-0.06421x+1.0843
05l r=-0.9380, P=0.0184 b
04 1 1 1 I
0 2 4 6 8
FEEEN Ck/E)

Host density (individuals/tube)
B3 AT T I B L R A i 4l R )
B FHRAUL

Fig. 3 Searching efficiency in killing action of Sclerodermus

pupariae on Massicus raddei young larvae

2.2.2 FHAARR TR FFAEME [ HAL
LB BT LR AR (4) . FRACRHEE
HEBE LI (y = - 0.02365x +0.3351,
r=-0.9257, df=1, 3, F=17.96, P =0.0241)

(E4),
035 y=-0.02365x+0.3351
r=-0.9257, P=0.0241
03F o o
-
Q
E £
> S 025
%8
=2
T 2 02}
2 o
0.15 |
[
0.1 ] 1 ] 1 ] 1 1 ] ]
o 1 2 3 4 5 6 71 8 9
HEBEN CL/E)

Host density (individuals/tube)
B4 EEETE T I BR T L R A 4 He i)
A A A F RO
Fig. 4 Searching efficiency in parasitism of Sclerodermus

pupariae on Massicus raddei young larvae
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2.3 AEFTHRERSZENELRFREL

HREFEIEAIEEERPMm
2.3.1 BOUEM: S EEEREN 6 kAL,

B A7 A M 9 R A3 B A E R BUE R B 3 BT

(df=4, 14, F=3.53, P=0.0341) (%£2), =%
BB E % R (y =0.3005x +3.7220, r =
0.9919, df=1, 3, F=183.15, P =0.0009) ( [&
5).

®2 ARFEEHBEET MERENELXFERG RBGFTEMER(LEF 16 d)

Table 2 Parasitism of Sclerodermus pupariae at different densities on Massicus raddei young larvae (16 d after treatment)

FFEMEE(CL/E) FBIEE (/B FEFERCL/E) 7= g CR/ )
Parasitoid density Mean killed hosts Mean parasitized hosts Mean oviposition
(wasp/tube) (individuals/tube) (individuals/tube) (eggs/tube)

1 4.00+0.71 ¢ 0.75+0.25 a 4.00+1.58 a
2 4.25 +0.63 be 1.25+0.25 a 10.25 +4.27 a
4 5.00 £0. 00 abe 1.75+0.48 a 10.75+4.87 a
6 5.67 £0.33 ab 2.00 +0.58 a 15.33+7.22 a
8 6.00 +0.00 a 2.00 +0.41 a 11.25+4.97 a

FEBERENG6 K/%; B S5 ~8F, Host density is 6 individuals/tube, and the same for Figs. 5 -8.

(individuals/tube)
w
T

y=0.3005x+3.7220
r=0.9919, P=0.0009

A EFCTEN, /)
Number of killed hosts

g 2 4 6 "
AR BEP (L)
Parasitoid density (individuals/tube)
5 ORTFIEEBER) TS T b R X SR AL K A
RSl &l L B9 B

Fig. 5 Killing action of Sclerodermus pupariae at different

densities on the young larvae of Massicus raddei

2.3.2 THAEH: YFEFEREALE, HE
AAMEF RN, BHFENTFERE LA, B
IIRE AR TR EER (df =4, 14, F=1.90,
P=0.1658) (£2), —XE2WRBWIMMWL LR
(y = -0.03807x" +0.5136x +0.3141, r =0.9182,
df=2,2, F=188.65, P=0.0053) (& 6), &4
YRR E T =Rt T B 2R (df =4, 14,
F=0.73, P=0.5869) (%£2),

2.3.3 FA¥E GEEXNIFRYNAFEmM: KFE
BT W7 AR X B L R A IR 4y SR BB E AR 37
HEVER B T 3R AN ¥ # Hassell (1969 ) BRI A,
GRRY, WEFEBREENISM, S T MR
BT BRI R A RIS S R BFEAEH (E =0.643 2P 7074
r=-0.9988, df=1,3, F=1195.50, P <0.000 1)1
FAEVER(E =0.136 9P~ > | r= -0.9769, df =1,

3, F=62.60, P=0.0042)KIHHBNIEETFHFE(E
7, 8),

s 25F
&=
N~ T @© -
X EE 7
= %% s
H
w2 E 1F
£
2 osk y=-0.03807x+0.5136x+0.3141
7=0.9974, P=0.0053
0 1 1 1 ]
0 2 4 6 8

FLEMEEBEP (/)

Parasitoid density (individuals/tube)
K6 AR AT T I B L R 4
Rl &y v 9 25 A 1
Fig. 6 Parasitism of Sclerodermus pupariae at different

densities on the young larvae of Massicus raddei

0.8 3=0.6432x-07954
r=-0.9988, P<0.0001

eSeLeL e
PSRV - N
T

FRHNLE
Searching efficiency
o
w
T

S
)
T

e
-
T

=]

AHBEELP (L/E)
Parasitoid density (individuals/tube)

7 AN A B BRI R AR 4 B
A B R
Fig. 7 Effect of parasitoid densities on their searching

efficiency for the killing action on Massicus raddei young larvae
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=0.1369x-05195
#=-0.9769, P=0.0042

iency
o
=
)

FHRNE

arching effic
o
o
oo

TR BEP (L)

Parasitoid density (individuals/tube)

B8 Ariiep B BN IR Ak 4h A A
Y FAFHRBAL Y W)
Fig. 8 Effect of parasitoid densities on their searching

efficiency for the parasitism on Massicus raddei young larvae
) ‘
3 it

T RE SR AR 5T 3 HUA W B A P R B AU
BEAFERIWEMITE, R THREIEYR
RSN EENE, BRI KEHE R
MBI RES . BB ERHEWMEAR, HIFH KT
Xof g P 428 1 R0 e AR A4 EE AR (#R kg, 1987;
RRRAAAE, 1998) . AE7= b 354 i R B 0 B 4%
AW BHTA B SERRRCR,, RA ERA ERR
Fefl, AREFEST RIERBMER, A RdEHE R
A [ B 3548 REOR IR (RE 5 %5, 2008) .

AP ST b e ) B FHF R 24945 2 ( Abbas et
al., 2008; Hong et al., 2008; Jaramillo and Vega,
2009), 4 B B & K b BB % Sclerodermus
harmandi. Cephalonomia  stephanoderis. Goniozus
legneri, Prorops nasuta. Aphanogmus sp. HJ5| 3 F|
FH(Berry, 1998 ; Infante et al., 2003) ., A TEF+H
/R ( Abbas, 1999; Portilla, 1999; Irulandi et al.,
2009) LA B B35 B 16 2 R ( Damon and Valle, 2002;
Irulandi et al., 2008 ; WkJ7 ZE 4% sk, 2008) &%
TH IR SE . BT T bR R 4R e T B R & B
R AR AR BT AR (£ /N2, 2005) , 2008 4F
TEIL T4 96 f) B AR R R BOAER 45 R B, e 7E
HARAAM T BB AR B 0T BLTh B AE BE 1L R 4R I KR 4
o, WRBIETN 52 R E AR I X A Z8 | AR AR T BR
RIMZ28, Bt T REFHAEYIB TGN ATH &
(ENZEE, RERFER) ., RILKR4FBARZH
A ] IR RS E, EXRESFFRNTE
M2 S BB — MR R, B AT AT YIME
VE R4 v a7 AR e X B A 3 2R B HC AR 3% A 35 A 3
P, TR A VI BTIR SO & — R EARR &

Feo UNJNIAE B i B 5 1) 1k 393 A0 RS A0 3 48 P P A
B ANER AT, IBURSEIERYIG, MEEEXTX
LU ) B4R 0 0 AR (B AR A, 2005),
T AT DI I B )18 B o i e B i A R A B AR
THIEE, XM BB R R4 R B3
R CRRAEEE, 2007) , FAMNEE RS
17 R X AR 6 B R o 0 b skt 2 L Y 2F 3 A 3K
ENL, FAIT AR AR R R I
2F F AR F R R A B B 20 ( Dutton et al.,
2000) , HLFAEEBAXN 5FEZLRANSR
PRF=AE2EIRE ST, MEMEZR )5 R I B AP A
(Lewis and Tumlinson, 1988; Lewis and Takasu,
1990) .,

XFFAMERBN (R ANT 1 em) R4 4,
F A T b e 7 7 DR R 2 R AN SE 8 SR IR T 3
ZhF T, EXNTMEBERREG SR, WA
S PR, e RRTE R —3F 3 52 Bush
FEFMPIRR LR, X FHFEBENT FERE
HMIEHER, LR E BRI FIARERRE
DRFTE—EWZER, ENNER B TREB/N. =
/N, FEERDRITRE BARER, FEER
MET RS E M R, m7EAKE B 48 &0
T, HTRTHER, RABERK, FARBFEL
P K] A BB BN HF EF R, Bk, LREAM
e 455 RN A= L AR S 8. BT
i e B — BRI AT A e, M B T4 >
P, FRINEIFAD EEFFE, MEBEFER
AFEEK G IRBENA, EBT UL A
1B, B, @WBiva EEARLL 11 1553
(b e B i KA ) BETBOR Lo

Bl BRI K FARE A A E R
FiEFaAANRG LR LA T T w6 FmiER
R, EES)
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