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The potential fecundity of Sirex noctilio in China

LIU XiaoBo'?, REN Lidi"?, SHI Juan'*" , LUO You-Qing'*" (1. Beijing Key Laboratory for Forest
Pest Control, Beijing Forestry University, Beijing 100083, China; 2. IFOPE International Associated
Laboratory, INRA-Beijing Forestry University, Beijing 100083, China)

Abstract: Sirex noctilio is a seriously harmful invasive organism for Pinus with strong diffusive and
reproductive capacity. To determine the fecundity and its influencing factors, this study investigated the
number of eggs carried by S. noctilio females with different size, different nematode infection status and
different oviposition frequency. The results showed that egg content of S. notilio was correlated with the
width of prothorax, showing a positive exponential correlation. The number of eggs of parasitized females
was slightly less than that of non-parasitized females, but the difference between them was not significant.
Newly emerged females carry 147. 80 £ 10. 22 eggs and 50. 22 +5. 46 eggs remained after death. Estimates
show that S. notilio oviposited about 30 times before death, and one feamale oviposited 97.58 eggs
throughout its life. In observation time, that temperature range 17.49°C from 23. 15°C, the oviposition
frequency of S. notilio was strongly correlated with temperature. The oviposition frequency increased with
temperature, and oviposition frequency decreased with temperature. At the same time, the fertility formula

was improved, and fertility estimation of S. notilio in China is carried out, according to the survey data.
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This study defines the reproductive potential of S. notilio with the effect of individual size and nematode

infection and the effect of environmental temperature on its reproduction, and provides an important

reference for assessing the damage of S. notilio, predicting the spread of S. notilio and developing the

prevention and control measures for S. notilio.
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WA Sirex noctilio F. J@&F<3# H Hymenoptera
W ERL Siricidae A8 JE Sirex, J5U™ T BRUNANLIE,
TEAR 22 [ G F0 Ml X — Pl e 3 ™ B9 AR A9
F 1900 4E AfZHi V6 22 AR, FARH A 4 BRAN T A
R X I35 BB R Z TR, 1961 4F AR
KA 1980 4 Af= B HL 2. 1985 4E A fz [ A1
FE. 1988 AE AR ELPE 1994 4 AR EEIES 2001 A
B H]L 2004 4 AR E . 2005 H AR INE R
( Hurley et al. , 2012; Lantschner et al. , 2014) . 1E
1946 — 1951 4F[i], FAMIER N T H7 06 22 12 77 ha
AR 30% 5EETHFARISET. ( Rawlings, 1955) o 1E
PRHIE 78, 1987 — 1989 4E {4 J A FAR I 5 3
1A 500 JTHASET S, Ak T 1000 ~1 200 J5 o0
22Uk (Haugen, 1990) o fEELPY, FAR#E AR
T 3.5 77 ha #AMK, B ERAE TS K 660 T3 3 TTHY i
2% ( Bedding and Iede, 2005) . Fg3Ff{ Eastern Cape
1 KwaZulu-Natal i E3.5 77 ha IMRa2E, =
HER T 3 fFE TS (Hurley et al. , 2007) .
Yemshanov 55 A\ FH A= &S 28 05 2 119 5 Al B8 T A A%
BETTREGE UK, TR 20 4F, FARTEETE M
EERARFRH XA A BE 1 A 0. 86 ~ 2. 54 {2 N iy
2 ( Yemshanov et al. , 2009) o T 4E AN 1t A
REVKE, EARICHIX TR B FImIET, &
W T EREFEHA (Liet al. , 2015; Wang et al. ,
2017) o FARM SN bk T, AR A A
B Amylostereum areolatum FNFEZ , W 1E =GR ] Bt
DR —# AW T, FEEF EWARES M T
( Coutts, 1969; Madden, 1988) . ¥R MR F) 12,
FESGER R, 15 = MR 5 g F Rk
T e 3 R R AR A, R e e — ] DA e T A
BER K B Fh 28 ( Madden, 1975; Spradbery and
Kirk, 1981; Bordeaux and Dean, 2012) ,

PARTIE Y B AR Y HERE Sy, H ARG THREAEA
Y B EE R 30 ~ 50 km ( Haugen et al. , 1990;
Tribe and Cillie, 2004) , Evans XfH T 7 # A=k
Eny R Y O B, A BRI Lymantria dispar
L. « Adelges piceae Ratz. < 4RI FERWF Adelges tsugae
Annand. WAJIRY/INEE Tomicus piniperda L. M5 78

T Agrilus planipennis Fairmaire. Pyrrhalta viburni
Paykull. ¥ARY & Sirex noctilio F. , F AWM ™
PR (30.3 km/year) B @ TBR G4 5 T 40
B HE At B e 9 B B (4.2 ~ 16.5 km/year)
(Evans, 2016) o fit &£ 5200 1 WA e e e 47 5CFN
B, 33X P T AR S I AL RS e ) AR I8 A R BR AR
&, B AR T REA Bl T B v AR i Y 4
FERIG I H Y 8P ( Lantschner et al. , 2014)
FAR R HCW AR BN R, AR i e
FOAA AR B A 5 7 5 ]l X35 i v 25 8
AR I B9 9 5% % ( Villacide and Corley, 2012;
Carnegie et al. , 2016) . HaiA MF 78/ i3 TR bR
ICSEINER R I I A s AR, (] Climax %X
PEHEAT T AA R 1 (Y 35 B3 A X ( Carnegie et al.
2006; Boissin et al. , 2012; Bittner er al. , 2017) o
AR e 1) 2 B TS g SR T e ) P B R, T PR B
HMARZE REUR, — BN g R AR B M H PR B
¥j7E 220 #7247 ( Ryan and Hurley, 2012) .
Madden DAy #1868 fE PR B B B TSR K,
SHREREA L, it AR DN AR 30 KE
2 450 RiASE, F4EH T Ay = 28.8 (52.5) 7,
Hry MR ROR & (kL) , x Sy e TR AR vE
(em) ( Madden, 1974) ., Zondag #l Nuttall Gt T
BIPG 2% B BB 4 PR B B AR S0 KL F 500 A A S5
( Zondag and Nuttall, 1977) , Neumann FI Minko 2
SR 1 IR 24 22 ) MV PH A B 6 18 P DB 2 7 21 Kz
B 458 KA, PRSI0 Y HAA R L, HE
S AN B ) RIS 0 R 1 SR RAR B 1 AR T L
ZHH N 53 MR, THRAFCE RP =F x SR, Hrh
RP 5y B%5E v 71 ( reproductive potential) , F & {45l
i, SR M HUFE BE K RS EE ) ( sex ratio)
( Neumann and Minko, 1981) . FAR W& (9 35 A= 1 2%
8 Deladenus siricidicola Bedding ELAG & Z& i) A= Ay &
W, TEZFAE R AT DU AR AN R e Al e, AR AR
RN RRE, H B AR I A i Bp 55 5F:
AN, WA AR O TC R R E A, AR
457 ( Bedding, 2009) . Kroll 45 A\ A A2k th 27k
R BRY 6 7 B B L it BRE AR e 7 B 51 £ 2029 Ok
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HY T2k He 2 A AR B S RN, LR B
oA MM PR DR 3 (Kroll er al. , 2013) o T
SRR G T AN W 1 A BV g b, HAE B
TR N E A JCE L ( Madden, 1974; Zondag
and Nuttall, 1977; Neumann and Minko, 1981;
Neumann et al. , 1987) . FAR 8 AE A [A] # X 15 3
Bf, ZFEGE SEAREE KRB KB,
HASH DCRPRE B9 AR /N AR5 1 RATRE
RN R WAF, PA e B 40T H E S
FEo WA Y R AR e A BT T, W E AL R
BT ST R RE R R 2R, EAT R P O S B
AR I T R o B . AR SR
TIRE R R s Y PR BN i S AR /N R ar AR Y
KER, RR 7MW 5HMAREE R C R, L
S R PP A A e ) B VS g AR T O )
PEARAE, XS PEAE A e f 3 A B

1 W57

L1 #HHRiE

G A TR T VLA B b T IR TR AR Y,
TEok A 32 F B 10K B 7 P b Wic g€ . 2015 4F
6 J e i T R FE AR, bR ) AR 4f A 1) 06 A
R bR AZE . W EAHEAR G AR
FEPMbFL ( Matthew et al. , 2009; Xu, 2018) , EFE
AN R A ( EAR 15 ~20 em) , ARfk
JERU T m KROREL, I Rl Ak i A3 05 4T 48T
DI /D K o375 K o

TEVRTEARI ST 3 A AR I/ (A, B,
C) o HAPPAFRMEMIA (K x 58 x H = 6 mx6 m x
2 m) HITARIGIE, TR/ AR Ul A NI Z AR
o fe R B, fFH AR, HHE L
6:30 WAER L i dL. P APFRIM B (K x B x
=6 mx6mx2m) TGN IR,
TEMIR A 10 Befgt Bt s R Be ( AR 15 ~
20 cm, K1 m) fEFAMREE™ B0, (A TP2200
MRS (Jeat R FHOARG R AR, HE;
D9 LR BE: - 40 ~ 123.8°C, FHXFBE: 0 ~
100%) sk AEEIRIBE. FAbFR iU C (K x
e xfm=1mx1mx1.5m) FTREWEARE
GRUCKLH P e, TEJE h A 1 B 5 A K
Be (HAZ15~20 em, K1 m) AR B/
e, AR e 7 B AR R, -

L2 AREAMERNABEER RIS

PAR I P BRAT Ry — M & B 7R 8100 Z J5, ACTiE
TR —MRATE 10:00 Z f5 (KRR, KA FREL
#5) o BEHFE7:00 IFRHH A Pl 8RR 08 HL
RACHEC R AP e e e, BEALZEHR 35 Sk &5 K/
fRFRME, A - 20°C VKA 2 VR 10 min 3558, 4K
[ AR B2 7 S ANRIU B 1 1 O N 1152 SN NS
TRLLE £ NS 6 2 R R N R N SN S X DR R A
BE (Leica EZAW) fi ], WLEAG I 2 5 A 2k
Deladenus siricidicola 274, IR MR EBEL L, %
BRI E AL
1.3 AREFIRERBER RIS

BEH L ET7:00 IFRHM A PR B0 HR
SETC A A0 e M T, A AR TR /)N v 4 R A AR
WEHR (AT AR T 2. 80 ~4. 00 mm) , RIS
TrRAMRIE C o K 730 - 17230 BER UL
IO SRFARE B8 0 7 DR OB, v A8 B e B A A e i
AZE SRR, B DRAN R B R A Al 0% B[] P
e, LML 3 do Bk E Bt S k. 7
BI 10 YR~ 77OF 15 IR 7751 20 YRAHE 25 IR A
P i s RO, A - 20°C VKA V25 10 min E4E
JEfRE, geit MO aE; Oy — i, ARl
LI & SN R /A Nl s SV A R N
MR (A LA B AE P P R AR AR T, R AR
RER T b, B DL 2 - IR 25, H
PRERRER A R BRSO A P AR R
DA e i i 4755 A - 20°C PKAR Y25 10 min Z4E
JEffE, S AR
1.4 IRIEIR FE X R 7= B AR B0 22 M

TEF AR A B TR ] TP-2200 i % B2 10 54X
TC SO EE IR 1] B PN (%) R 558 1 3 o 0 o il A A A
WA 20 Sk MEH 70 L, HM 6:30 -17:30
53 BOWLEE 8 11 R 4 0 M Hbe 70 R - A A W] AR Bt I
77 B0 B, T3 ¥R S TR B BT e 5 el
FEPR 3 min KA R A MM AR BE, IC AR
ENEAR G TR IR ERE T ¢ ¢
LS HESH

fdiFi] SPSS 24 B fF (IBM Aw], SE[E) #7580
P, R LSD Z 5 xS 22 51k i 2 Ptk ik Ay
G3HIT o TP T Al S5 7 B M O S RS R /NS 8K
Gl EE ML, I T A S dr 38 i kST R
AR o KG9 X AT To 2 AR G 1) R R e P O 11 22
S5 It Pearson AHIC I3 AT I 5 15 Tk B2 IR B e
FEER AL FR
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2 #ER5HH

2.1 MPHERMESNMERNMIXR

LA DR AN B e o ot 35 S, i M 75 Al B
JEHEH 2,41 ~4.51 mmo G5 EIR, K77ONAIAR
Sl s MR BN EEAE 94 ~ 252 kL, ~F-I{EN 150. 86 K.
S HOS BRI 20 B, FAAR i R B i 5 0 AR i
RRNE IR BOCH R, HE— 25 73 JIXT P AR e 1Y
AR AR 5 AR (R, RIS K AT 5
MO AT A B, XF H A AR ] 9 R A, H
HHTH S AR TE 5 MO P R AR K, LA
Rt 1 i, HEIE DRy =29.42 x
1.57%, R*=0.85, Hrfiy R iR () ,
X AR R M AR 58 (1 mm) o

270 ¢

¥y=29.42 x1.57x .
R’=0.85 e
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Fig. 1 Relation between the egg content of Sirex notilio

and the width of prothorax

2.2 MPERIIESLHRELNXER

A BIRACBO AR 77 B B FA B B e 35 3k, A
A 22 3k, A 13 3k, AR TN
P B PRI R 161. 46 £12. 69 K, A2k HUAFAE IO
WU PR B R 144,59 £8.91 ki. WK 2 PR, A
2 HUZFAE A A A 1 RS O S S /N T TG 2k R B AR RO AR
PN E, HMEERARE (1=1.115, df =
33, P=0.550) .
2.3 AEFIREBARERIDE R EEE
=)

A FAS R 7 B U BN B e il o 54 S, Horp
T BR R PACHE R 10 Sk, F7ER 5 YRAGMEHL 9 Sk,
FEEE 10 YRAGMERL 7 Sk, ROR 1S IREYMER T Sk,

200

180 | a

=
3

140 T
120 F
100 -
80 |
60 |
a0}

FRENTE (45 ) Tolal number of eggs

HE M E

Parasilized

p sl (G
Non—parasitized
K2 AL AREFITCE AT AL R VR B L 4R
Fig. 2 Total number of eggs in parasitized and non-parasitized

Sirex noctilio females

P20 YRAMERL 7 Sk, FEOP 25 RAGMERL S Sk, FEER
IO 9 ko W3 Fias, 7= 00 A0) P LLHE PR
G 147,80 +10. 22 K7, j7B8 5 IR AFART I 51
T4 130. 89 +6. 86 K, 7B 10 YR AGFAR MBI
112,57 +£5.05 ki, 7750 15 PRAGFARTE PR O & oy
88.57 = 7.32 K, j=BI 20 YR W HA B B8 1 BRI K
68.86 +5.59 A, 77BN 25 VR Y B B 0 PR O B R
59.40 + 4.43 H7, 7= UP G A B R BR R
50.22 +5.46 Fi. ZeHE5E, FARIEE 7 O 2 SRS ] GE
700 30 WZE AT, YRR 3. 25 KBl , FAR
W B ST fE ot — AR P27 0 97. 58 KB -

d

—
=3
=

5
wn

100

-1
un

h
(=1
T

I
L
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3
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Fig. 3 Fecundity of Sirex notilio in different

oviposition frequency
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2.4 INMERIEESHMRREFIPFXR

Fie H AP Bege it 17 AW i 70 A - P A R R Bt
LR E, WE 4 FroR, FTLUE H A AR b
A EIERY, A R)E9:30 —10:30 F113:30 -
14:30, T 10:30 =13 :30 F=OPREC T FE, HJRH
JE K S ST 1] Ay A AR 0 A2 TEC 1) v DA BB 7 B A A
R/ Do FEMERIT RN, SR AR ARTE Ry 17. 49 ~
23.15°C, JRJETEHE N 85.42% ~64.17% , FAkfig
TE— R A [R] B B 1 7 B R ORI Pearson £H
KRECHr=0.751, P=0.008, UiPHTEIRE 17.49 ~
23, ISCIL A, A5 A AR 08 7™ B R B2 TE A
Koy B b AE — K AS [R] B B 04 7 B OB RN i
) Pearson FH G RE N r= -0.739, P =0.009, i
ITEIR L 85.42% ~64. 17% JuElN, HERE S
o e 7 B9 B R SAAH DG

Zn

3oz o=

th

IR % RH) Humidity

£

= B B

SR Temperature

ed | t.‘_d
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e
i h T ab
4 h
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Fig. 4  Oviposition frequency of Sirex notilio with respect to

—_ [S] w R L (=2 -1
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2.5 MAREEEIE T

PR e ] o8 ICOE A 58, P A 7 o e, 9K
MEAFE P EH . L Neumann and Minko 32 HS B A
MBI 1A (1987) g, 4 fn gk t iz
JuR, g A s RGN R, BUH IR B R i B
VLA Wk

RP= (F-FD) x (1-IR) xLRxSR

Hdr RP 5% /1 ( reproductive potential) ,
F R ERE ( fecundity) , FD S ZE AL 151
£ ( fecundity until death) , IR £k fi {3 4y &K
LR M4 ARG 2 ( larvae survival
rate) , SR Ayl B AEREA A 5 G ((sex ratio) o

AR A O ER A A 53708 B A AR SR 1F T PR
FIZEFE J1o B A B8 0 SF 249 06 O B O 147.80 =
10. 22 ki, ZRIEMERE 50.22 +£5.45 ki, flhiitAamt
A2 B0 97. 58 Ky I TIAE T b TH MR e
PE 12,4, MERTEREAR T 5 HE 29. 4% (X IGg
T, RSB 5 185 B T AL AR i Pl 2k e R Y R8T
40% ~70% , Tk He 42 4% OP i L B 7 20% Ao 4,
LA ARG 52 B A e B L SRR YA K. AR
TEARB AT et B 4l AE TR R, A4 dUAE T
HRIE90% Fetvo MG EHH S A BEATIHHR, A
W (R BEHH 774 20. 66, B 1 S MAa bR e e 1 AR %€
FErF=A: 20. 66 Sk .

(infection rate) ,

3 GgSitie

PR B 1) PR BN i e T OB ), AN EA
PRI PREN f AN TR, — FBIA Ry A B i 4> 1A A B
B2 . Madden 4/ Hi 1 FAR 1 I H M 75 A 5 1 M
RO A A y =28.8 (52.5) *, My
JEMERRORE (HE) . x SEMERATE R TE (cm)
( Madden, 1974) o 5 AR 5 [W] & 19 35 I P A 0
Sirex nitobei WA LAUWFFY, Fukuda 25 A4 T H5r
T P A e A o S AN ME IR R BR R Y mLH A, N, =
1.86W™™, R* =0.94, H e N oy M i1 B9 &
(kD) , W N fm{KE ( Fukuda et al. , 2008) .
Haavik 55 NEF X 52 2k Hu A= e F o 2 i 4= s 1) F A
B ST T AR O A0 G R A B R T AT AR, W
MR SHER L T IRIH 7 F2, eggs =69 (£ 3)
size =96 ( £10), R* =0.75, eggs AP & 4GP
i, size HET M E R %% ( mm) ( Haavik et al. ,
2016) o Bittner IA A B EAS [R] H X A T IS, 9
TR RN AR EI Z R FFE R R
X FAR 84 (14 52 Wi R v] BEAF A 22 5 ( Bittner et al.
2017) o AN[H) Hly DX P AR e 11 BB ) 0 23 A7 TR 25 5
AT XS e [ A AN I R AT T B I E . AR
AT T N Nl SR VA =8 i R 7 N B
94 ~252 ki, “F-H{H Ny 150. 86 ki, X — UMK T
[E #p #t 1 ( Madden, 1974; Zondag and Nuttall,
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1977; Neumann et al. , 1987) o FF#2&H T PB4 s
AR R L 7 N S T /A W
Madden $2 H (20 AT, LA T R RIS 1R R
ANDE T AR, AT DA AR SR B A 5K
PEATRARRE B PR R B ik B, 0 0T FO0I0 A AR e A
KA EEE L.

ARWFFEXS T A 2k LA Az Tl TC 2 A A v
BERPROR AL, R AT 2k H AT AR A AL R B PR BN
INTICER HUA A AR B I PR B B, (EL A 22 A
B, 2R AT AR R AR e DA D S ) S e R A B
FIKV. Haavik 5 A BS80S REAH )00 8, 3
WFFE RS2 2k 27 AL MM B8 FN Sirex nigricornis P
O LG A5 RS A PR R B S A, (H 2% 5
REE (Haavik et al. , 2016) o 2R 27 X HARY 8
P BR 2 1Y 52 e AT E S H T R 2 5 aF 32 AR,
X RARF eI IN 2 AL SR, i — 2D 5 e PR B i
ER X — RO B AL 5E . SR, AN B A
Ldvar e, AMERIRNER 2 BRI P e A5 i AR R
My fe ( Madden, 1974; Villacide and
Corley, 2008; Bruzzone et al. , 2009) . 2k 124 %
FAR B PR B 6 52 e S S 2, HJ 2 3y A 25 B2 )
FAR B (4 A BE TS AN BRE 7, R Bl 2 A
AHOER, N RS A A R B 2 B OR, JCEE AL
IR L, TR I A L HAE A A R e 7 B AT
JFS IR B AT T AL RN R

ARG 1 AR e P S e — 2 7 B 4R
IR IKE . Haavik 58 NP A WoR, 75% RIAL
) e I T BE T A B AT B R VR B R Y 25%
FEE— PR RIE T HIPRBR 5 O ( Haavik e al. ,
2016) o HHTMAER/NFIMER A OG, ARBFFEIEHK
AR/ IN T S5 I AR I AT S0, X AN (] 7 B
B B 1) PR B o &5 2R 7 R DL PR B &0 O
BN, AR T Hi e /N IR 5 19 kL, -1y
PR R 50. 22 A, [R]IHESE L AL B 7 B 2R BRI
B 7= DR UEICTE 30 WKAE A, R e B S o el — 2
KO0 97. 58 Ko FARIIETESLT-HIIE A2 BT A B
FEE, IX A RE AR SZ B A7 i s A i 5 A R
PR B 7 BR Al i 2 AR FERE UL 72, THAE A B i
e eI IREW B A, JF H P E A
whEE SR, WILh T2, SEE MR,
TR A AR B BR 7 5¢ -

T R AR KA F MBI H BN R,
T FE Joip %o B o B ) 5 e — B B BRI PR B OC
RIIWETEI AL (Jiang et al. , 2015) o MG 2>

FEER AR AR AR 00 I
BB PR R S IR RS e B Y e AR
—EWEN, B TR, AR TR, IR
NRE4 £ ( Ziegler and Antwerpen, 2006) ; {H3Y4
TR S — e RE I, B8 & AU Y i T RE A2 240
il R OHXS 7 B A R B AR 7 A 2 ( Krebs
and Holbrook, 2001) , 33 7] & ik AN B e 7 7 8]
(10:30 —12:30) J7BRRECT BRI Z—o HAH
B A 1Y ey 0 ) 32 EEAE 11 2 00 - 13 2 00 Z [H],
10:30 —12: 30 M[a] BeAT — 5 Briek A By e e ol 3o
FTACBOMI oA HEAT 7 B, 32U 3 0P 8 06 7 ZF (]
FEIREC PRI R R Z —o BRT 10:30 —12:30 i
B, MR e 7 B KAk it 32 T e~ B R AEG
M2, BT BE W R b 78 W28
A IR BV A, AR e 7 B KR P 35 Tl
JE R E A AE TR A DG -

ARG T A TS [ B AN AR B B 1Y
FRERUHEL, R B S WA B R AR TE — K rh L B I
BN, IR ER . Bk B, fE—RZIA,
FABY B Bt 2 U J3E %) g T 7™ BR B £, BEE TR
JEET R 7 OB R B0 /L TR E 5 R AR 0 7 B TR L
PIAHOGHE, TR T R AUA N By g AR
KRB ZE K (Jiang et al. , 2015) .

Neumann 1 Minko $& H} () 858 ) 22 A3 TR
g O B TEAE TR HiT B, T A SRR, A
WU B ) 52 B OF IS A8 g HOBE R il e
SRR A OSN3 RS AR
HASEAE ( Ryan and Hurley, 2012) . ASHF5THR
i Neumann 71 Minko 4 Hi F) FA B8 16 58 g 20 itk
178G, 25 08 T AR I8 O R 8 Bir A7 /g B0 7 1
]I AP 58 T £ HUAR Gl 1 gl HUAF 3% R0 BE5E ) 1Y 52
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