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RN SR T R IEAH G, Y18 HUF AT B 12 38 d,10 d P38 L 9 A Al & 3 S 208 K/NE: i
23k 8 ko 7 NI R PIYI K FA W Clerus sp. X £LAR K /N &L 08 RN UK, 2018 K/ &R B R 2043 frontalin
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Biological study of the decapitator checkered beetle Clerus sp. ,
a natural enemy of the invasive bark beetle Dendroctonus valens
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Abstract The red turpentine beetle Dendroctonus valens LeConte, native to North America, is one of the most destructive
invasive forest pests in China, having killed more than 6 million pine trees since its first outbreak in 1999. Most research
has focused on the chemical communication of this species and relatively little is known about its natural enemies. In this
paper we investigate the potential of using the decapitator checkered beetle ( Clerus spp. ) to control the red turpentine
beetle. Field trapping showed that Clerus sp. is attracted to a lure (3-carene) extracted from D. wvalens and that some D.
valens bark beetles were decapitated. Moreover, decapitator beetles took flight out about one week after the flight of D.
valens and its numbers were correlated with those of D. walens. Laboratory experiments showed that decapitator beetles
weigh about 15.5 mg on average and that its predatory capability was significantly correlated with its body weight.
Decapitators survived, on average, 38 d and the longest-lived survived 53 d, and could prey on an average of three D.
valens adults per 10 days (range 1 to 8 individuals). Olfactory assays showed that decapitator beetles were attracted to a
lure for D. wvalens and that the D. wvalens aggregation pheromone frontalin did not increase the attractiveness of the lure.
These results show the potential of using Clerus sp. to biologically control the invasive bark beetle D. walens in China.
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Z1 g8 K /N Dendroctonus valens LeConte, ¥ 44
SRR/ TR E R — B C SR AR AR T (1 2
F},2005) . £0 5 K/ hvak e 36,20 4 80 4R AR
IS [ PG 7AF 5 8 oK Ak B DA A AR 1 PG ( Yan
et al. ,2005) ,7F 1998 4E7E IR [ 1L PG Ak X AR 22
KK BIHAT NI, LR RDNEEREC LY
ISR A BETE Tl AT N SR 4 A X AR TR
JEHRERB TR WA B T BB EEF (Sun e al.
2004 ; 7S 55, 20105 B 22 45, 2010) o £1 g K/
ak fEAUSEA 0 1Y A ALY Fh 280 R ik 40 24,
FEGEMBEY, A EFE SR
(Smith,1971) , 7E3R =, H #y & 50 3 2% E# Fh
AR B AR AR LIRS o IR 2004 4 HR A
B I 525 hm A 58 FA B 35 600 £ J7 bR (1 4R
45,2001 ) , 25 36 [ ARl 28 9% 1Y & e 3 mid ™ o 43
O WS (Pinus tabuliformis Carriere ) 42 3% [E b 5
F18) T B 3t BRI 2 Ak RS A T Il 21 i R /N B e
ARV AE XU o 5 1) 2 b 5 b X [ 2005 4 B IR AE
113k VA VG 0 < MR 3 K BIAT R R /N RE DOk A 4k
TEVE KM NI TT O 6 SF 20 40 B B, )
5 W) B A8 50 DOBRO A= 7= AR 25 2 4

R, XL /N & AR DG 5 A A
LLRRR/INEEA B B H 5 a7 AW 0 06 RIS E 57
G, o = IR PR HROR R B D (H AR IE
45,2001 5 47 5808, 2004 5 B A ¢ 55 ,2010) o bR} B
ES N CEPN S ONLAL A I N S =
R I HRS LG R /NG AT — 58 45 AR OB A %
45,2008) . H 2004 ALK, AT — HE) T AR
R/NGEIR BRRY R OCHT 5T, HEAT T R A B A4 .
T 2010 4FBF A U A 21 06 R/ &k B, 75 46 3] —
SESR N L, I e B0 K 21 R /N B 00 Sk B 3% 4 Ak
DI R . 76 2011 48 p B S 4l T AR, FeAT]
R B ANE 37 17O B, R b B R B sh W)
WFSE T 3 2t 3 S BF 50 20 A T e 1o i AT A 2R
YoE , LAY E IR , M Clerus dealbatus JEASHAL,
B LA Clerus sp. FRZ , M5 H Al & FriE——¥r 21 R
PNV - 45 SIS U %) I O g ¥) B /A
(decapitator checkered beetle) ,

Oy W checkered beetle, J& #§ @ H
(Coleoptera) B /v 1 B} ( Cleridae ) B 11, £ 3 000
Fifr, o2 T B A B M K R (IR AR, 1973) o [ A4
OB R A A S A A R OB A
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NG R BN K NGE ) B R A (S 8 K A ALK A2
KA ) 45 (R4S, 1999 ;5 4% e e 45, 2004 5 P 4% 300
25,2008) X /N GE R K 4 F A B — g 1 1 AE
FH . 2010 12011 4 FRATTRF L1 R K /N EE A bk 55
O BUEAT T BT A S A R B SR A O A W 2E R Y
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N TR eI NN RIS /A SR S i = VNI
(BT R K 1/10 000 g) , FH/NEE 3R 1L ( B AR
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BR/NEE 0 sk B A0 S 3 A A AE TG I A, g
HPBEPLEEER 20 YISk 3820 o R JS T /b B 3R 1L
HOEEHAE 10 d YA & 2008 K/ EE iR i B,
VEAR A& Be 01, 43 B U 3k 58 28 s AR R /N 5 il
BRI R,

1.2 1L A W Clerus sp. BF5MFER &

2010 F1 2011 4E 5 H %] 6 H W8] F 21 g K/
a4 QB TR LR R /N & A b P O A8 22
JI AR (N 37°48" ,E 111°57" 14k 1 400 m) , % &
WA, R Z0IE /NG bR i 008 3-8 4 (AL s
SR AE YRR A BR 2 w) W 3K ) 5 4 21 B K /N & Fn
ISk 3822 W HL Clerus sp. (30 DNEA ), Mgl — 3% Fib
Hahd . EMEFIC RN K/NEE X HY) LA
o) 5 A A
1.3 113328 /A H Clerus sp. #J Y-tube IR 51T 4
N zE

FIF Y -tube RRGEASCHEUE 2623 B 45 1) 7 167 g
1o Y-tube BUBEAL R T K 20 em, W 45 K&
10 em, P42 16 mm, SZE84% 3 41:1) CK(IF & %%,
HPLC %%, Sigma 2\ ) ) x SB ( #r #1175 s 3-carene,
MLV S 7 A D H R A PR A R SK) 52) CK x SB
+ PO LR R /NEE R B AR B R frontalin (1 45 1E 5
W MREE 0.05 ng/pl) ;3)SB x SB +F, H Tififli
BN H B A R, S U 5 1 d 4882 H]
T B H R S g, SCE ), R A 10 pl %
NIRRT (K 2 em, 98 1 em) ,20 s J5 , RF¥H A
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R B E S B A& W R g4t v 3 i A Y-
tube P8 R 2R S 7 1 19 B3 3K N, 32 OR i e it
Tl R4 1 42 R AUR AR (QC-1 Y, b 5w 55 5l
PRFEOFEIT) S 150 mL/min, 5 20 355 5
TeK B e Y-tube £ .

2 HR5SM

2.1 PILSE/NH Clerus sp. B E AR 4F4FE K & 8k
)|
PISL B KK 2 1 em, I EBHE A 16 B A

() 2520 JE BB LT 8 IR E 12 15,5 mg, HIER
FARBEARRR/NEAT K 1, 288 K/NEE L
T 42 b R O G 55 ) R A 8 4 SR RE ) B Sk R
SRIGHUE L0 K/INVEE i, S = 21 BE K/INE:
T U MRS N H D IRHC ST B4 A7 3% I R) A 38 L B
Kk 53 d(FR 1), MiELERIY LA BT
10 d & 3 LR R/DNaEL, 253 8 3k (3%
1) o [BHE S BT s #8A H BASR KN 532 i
EREMEMELER(y=0.0907x + 1.2667,R’
=0.6046,P =0.001) (A 2).,

F1 YIKIWRHR Clerus sp. £ FHH1E

Table 1 Biological characteristics of the decapitator checkered beetle Clerus sp.

() FH ‘ EE%/'J\{E EE'ijC{E
Average (mean + SE) Minimum Maximum
K& Body weight(mg) 2 15.5 = 1.25 7.1 27.7
1715 Bf [A] Survival time(d) 22 38.1 = 2.76 14 53
f# & i Preys consumed ( individual/10 d) 14 3.1 + 0.51 1 8

1 YIKEWRHR Clerus sp. HREREHRRK
Fig.1 The decapitator checkered beetle Clerus sp. and its preying on the bark beetle

2.2 YI3L2R/NH Clerus sp. #1041 BE K /N 5 19 BF 4p
BT

TE 2010 F1 2011 45 HA0% 6 A0, Wil 120
IR /N 8k FNFR A W Clerus sp. F i & A4 3 25 (&
3) , RIELLNE R /INak 1947 R E] He gk 2y B —
B YISk 82 RN AL AR /N R 1 K A I
] HA—E IR OC R, I B, 3 AR R R A
i DWW EAA MY, R VAR R NE R RS E,
VA 2] i ) Sk 56 20 A B B £ (2010 y =
0.1438x + 3.1144 ,R* =0.394,P =0.257;2011:y

=0.0344x - 0.6591, R* =0.9914, P < 0.001),
2011 g SRR B E W (K 4) . A, 78 B
ANFE R 0 o B b, FE 5 4R B 2108 /N A R SR
Ha A A7 AR UL 2 B S8 2 U TE A 2T AR KN Y
T EAT A LR KNGS L R U 45 J5 1) 5% 4 o

2.3 ILsR/NHEY Clerus sp. B 51T A E

Y AU E A AT A ik 5 R BT, 5 O BROE O b AR
RSN SN X7 A7 R SRAN NN
TR R B PR ES X E A B B 51 /EH (CK x
SB:X* =12.7,P < 0.0001;CK x SB + F; X’ =
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9.1,P < 0.01);HREAOBERNEREHFER P < 0.0001) (%% 2),
frontalin /N BE4 AR #7565 10 W 518U (X2 =0. 2,

x2 YIFWAH Clerus sp. W5 [ B & 41 il =
Table 2 Olfactory response of the decapitator checkered beetle Clerus sp.

XFRE x 3-EE XFRR x 3-8 frontalin 3B x 3-8 45 frontalin
(CK x SB) BAY(CK x SB+F) VAW (SB x SB + F)
(k)
Number 3-8 i 3- 5 A
(individual) X i 3-E5 4 il Xt HE frontalin R il 3 frontalin il
(CK) (SB) X (CK) BEY X (SB) BEY X
(SB+F) (SB+F)
FA M .
8 30 12.7 6 22 9.1 22 25 0.2
Clerus sp.

LA AR 0.0 A10.000 KCF F 25 8 3. CK SBAF R30I CIE © %) R 198 45 (3- 8648 ) A2 I
INGEAT B & frontalin,
"and " indicate significant difference at 0. 01 and 0. 001 level, respectively. CK,SB and F are hexane,3-carene, and frontalin,

respectively.

»=0.0907x+1.2667
R?=0.6046
P=0.001

# & & (L)Number of preys eaten (individual)
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{AEBody weight(mg)

2 PISLEBAH Clerus sp. FESHAEMN KR
Fig.2 Relationship between body weight and predation of the decapitator checkered beetle Clerus sp.

3 W YISk 288 B Clerus sp. JZ 41 5 K /NEE R B 2R B

HOOERD 7 HAR B R ) VS 2D RN a1 BB G

ZIME K/ ek B 7 3R LS A R R DR A R M REMEY M ER MR R

KW 5T 32 A P e JE T DLAT IR K/ R G HE ok B YISk 30 BB A AR K 8K 5 B 6 2088 K /N 1
WAL A WESE (Sun et al. ,2004 5 Zhang and IV R

Sun,2006 ;Shi and Sun,2010; Liu et al. ,2011) , %} EEIN 7L MR AU 23| B7) AT /NI F 0]

ZLHR R /NEREAR G R B  A o FRATI 58 & B LR K/INEE F S WAl & A7 o, OF R B 2008 K/
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Fig.3 The trapping dynamics of the bark beetle Dendroctonus valens and its natural enemy Clerus sp.
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YNL PN S L A O B2 & 7 B B/ N P
10 151 I % N NP N o TR ) IS B/ S O = =

KIY) kBN HOE 44 10 d fi 3 Sk2n g K/
B, AR EOE K Ik 38 do HE L, AR SEAG T,
(S /NI R s R S D (U AW = NANY - '
o HE R REE R — 40 R K/NEL M R
SR 100 ki ZE 45 (Liu er al. | 2011) , Bdf & —
KA AR K/INVEE B AL, 3 R R R AR R /N 1 fa 3 o
VIS F A e Clerus sp. i1 T H SR AFH P &

RE JJ 5 KA T BE A £ 1R /N B R Y — b 32
FRACKHE . TRy B, g w U0 3k 2648 Ry AR i
AT RGRARIWTTE , 5030 H AR W 27 e ik ok
N TR A 37 A X AL, 4 X 21 i DR /N 42 B9 A W By
TR B A IER

FW, £L IR R/ & B 175 005 3-8 0 B 17 4l 31
KT M Clerus sp. , Mo 47 R AR R[] b2 b 21 i
KNG —A B, IF HAELL R K/ a8 G g
LUNOD Rl I G N R R P T /N T R 7) R /N
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- 996 - W B B 223 Chinese Journal of Applied Entomology 50 &

12
A2010
= 10F o
<
S
z
o
E  8F 3=0.1438x+3.1144
= Z R=0.394
ﬁ £ P=0.257
&5 6
RS
HI
4
BS 4T
A 2
BE
A °
O L L L L 1 ]
0 10 20 30 40 50 60
LR RN EF R ECL) Number of D.valens trpped(individual)
45r B:2011
g a0}
=
2 35F
-
KE 30p
I 5
2o st =0.0344x-0.6391
"§ 2 R=0.9914
4SO 20} P<0.001
R
A& 5|
RE
r
1o}
05}
0 A L L ] ] L J
0 20 40 60 80 100 120 140 160

g K/ EFEHECL) Number of D.valens trpped(individual)

4 PNk AH Clerus sp. SABEX/NEFHENBERX M

Fig.4 Regression between the decapitator checkered beetle Clerus sp. and Dendroctonus valens captures
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o4k 2 38 TR BF 58 F0AE B R R dUAR e D TR
% o MLYIAE Y 32 B 05 R SR iR 1 Ak
FAEWR XS R RS 15 KR EL R ( Dannon et al.
2010 ;Dicke and Baldwin,2010) , I AME £ E &
(0 B8 26 5 B 2R 0 BE i R B R A Ok E A A
(Huigens et al. ,2009 ; Uma and Weiss,2010) , 7%
WEFE R, B A0 5 4l A2 A IR 58 AT O ) 5 &5 2R 3R W
SELLNRR/N R IR 8 3-85 0, AN 2 5 4 5
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TR 51 RE J1 o frontalin S £ g IR /) 4 Mk He
FPHENGER, EREREFLRXMEGFER
(9 XEAEHT, ARSI 1 frontalin R EERLH] 748
RENIEY . MR, LI K/AN G AE fa F iy /2 b
I 7 A D A T O T < 0 TR R B
G R 0% B 25 I 19 Ak 24 {5 2 ¥ 5 (Shi and Sun,
2010) o I3k 5828 M 75 F] 1T 28 ) o ok 48 & E
PLEL R R /N W A5, 5 ik — 2B R A ST
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