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b 2% WL | - b 1 S = S N 2% %
HFEE , BRAW , Bk, AFdk ., T E ., mEL
(1. BERETT MO FT BRI gE T, Hl AR 746000; 2. WA K=Y, K& 130118)

EE: WA K&, Caligula japonica (Moore) fERFEFEZHE. I WEFRLLRMWERELZ —, C45]
EENANTVZ U . WIRRAR A R A i O A A e AP S . A0 A A B AR A ARG, AT A AR K A i R B PR
FRAEFF2ARIE o AR SCT 2018 — 2019 7R H R4 Ble e 7R A R o AR AE T DX SR 48 12 ML 9 38 4% B A (] 512 4 2 4%
I, WP ar A eI IC S SR, R B T A A R e R R Fh . ABFoY IR AR AR AT K Ar i
GRER 1 114 29 8 TIRLEN, BARRAZHIA AR O HE 5 ORI B0 S T3k 7.5 o 533.5 ok LR RIBGHE 3 B 5 8
9 FhERAT R A DR aF A= e, b 6 Bl RIRE; BB NERE T B, WA TIE/NETE 4 B BREUE T IR/
W Anastatus fulloi~ HliEHE/NE A, gansuensis« H A /N A, japonicus FARFIS S JE /NWE A, meilingensis; 55 £
/NS 2 Fh: 1 M O IE /N 1% Mesocomys albitarsis FIAY. M08 45 £/ - 1 /N1 M. trabalae; Jig /N JE 1 Fh:
Eupelmus sp. ; ZRHREERIIRAREEE 1 Fp: 1885 JRAR Y Trichogramma chilonis; i /NERHS B WE/NETE 1 Fh: AR E
W /INEE Aprostocetus brevipedicellus. 455, Je/NERI R E M-I /NERUR IR S, i), RIS
ik 86 LAk, B E X A A AR AR A R AR O Y PR R, HL R AR A 3R Bk AF A 00 S 3R v T A 55. 91%
6. 7T7% o AFFFEERIGTE T A KA B IRREFNE, IFAA G RR 4 A4 e a1 & dup it T Be ikl -
KEIR: WA KA CENER; EMEENER; HAREG EYBIA

HESES: 968.1; S476 ERFRIZED: A NEHRS: 1674 —0858 (2020) 06 — 1464 —08

Investigation on parasitoid species of Caligula japonica Moore eggs in

Longnan area of Gansu Province
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Abstract: Caligula japonica ( Moore) , one of the most important pest of walnut, chestnut, ginkgo and
other nut fruit trees, has been attracted wide attention. The objective of this study was to screen out the
parasitic natural enemies, clarify their distribution and natural parasitism rate on C. japonica eggs, and
provide scientific basis for the protection and utilization of those natural enemies. The overwintering eggs of
the pest were collected and brought back to the laboratory during 2018 to 2019 from the area most seriously
damaged by C. japonica in Longnan, Gansu Province. The number of parasitoid females and males

emerged from each egg were collected and recorded. The parasitism rate of eggs and egg masses was
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calculated and the dominant natural enemy species were identified. In this study, a total of 1 114 egg
masses, and approximately 80 thousand eggs of C. japonica were collected. The average number of egg
masses and eggs per walnut tree were 7.5 and 533. 5, respectively. Total of nine egg parasitoid species of
C. japonica, belonging to five genera and three families of Hymenoptera, were found. Among them, six
species were firstly reported on C. japonica eggs, and seven species were belonged to Eupelmidae, in
which there were four Anastatus species (A. fulloi, A. gansuensis, A. japonicus and A. meilingensis) , two
Mesocomys species ( M. albitarsis and M. trabalae) , one Eupelmus species ( Eupelmus sp.) . In addtion,
Trichogramma chilonis and Aprostocetus brevipedicellus belonged to Trichogrammatidae and Eulophidae,
respectively, were identified. The species dominance index of M. albitarsis and M. trabalae was more than
86, and their average parasitism rate of egg masses and eggs were 55.91% and 6.77% , respectively.
These results indicated that M. albitarsis and M. itrabalae were the dominant natural enemies of wild C.
japonica in Longnan area. This study provided important information on naturally occurring parasitoids of

C. japonica and also provided a theoretical basis for the development and utilization of parasitoids to control

this pest in the future.

Key words: Caligula japonica; Anastatus; Mesocomys; natural enemies; biological control

A KA Caligula japonica ( Moore, 1862)
YW A FR: The Japanese giant silkworm, {AFR [ 5
d(#&) . HEBR. RN, SR TEBEEH
Lepidoptera K 7% ik £} Saturniidae ¥ H K 4t i /&
Caligula [R]¥) 55 % 4 Dictyoploca japonica, Saturnia
japonica, Dictypoea japonica % ( Kawaguchi et al. ,
2003; Chen et al. , 2019) . %73 di R W45 A b,
—AER A DABREAS; FETR BB SR DU
Wl HIFE (AR &) AN 206 T
Ly A RN NS TS SN BRI AN 1= N A RN 1 /RN
B2 2404 (HERET. ARK) , HEZE
FHDONH R B g BRPGRER PUJIGA M HR
WAL A AL P L ES;  E A E S TR T AR
X, w9 . H A Hb ( Qiao er al., 2014;
Abarenkov, 2020) o A KA F LR, ¥ HL
R, CHRE R FA Y 20 B30 JE 1Y
38 Ff, FLIL B Juglans regia L. . HLEE Castanea
mollissima Bl. < 48 7 Ginkgo biloba 1. &
Toxicodendron vernicifluum ( Stokes) F. A. Barkley. .
SEWR Malus pumila Mill. 25 8 8 1 25 MER (R
/NEE, 2013; XUFALRILER, 2019) o 4RAF KAk AT
W B SRR A i R o) B AR AT IO,
R ALl A 1 I ORI 2R, 18 T35 S AR AR PR A g
PEATCE R I A A2 B, R 2 K+
RGFET:, SR SR B TR v, 2 AR T AR
BRI, R — TR A B A SRR SR 7
SIPEAERZ — HIK, WA KREKAEAGRE

P RAMMBEEMRES, — B R SXTR
W3 B 5 I ) 8 (XA AT X /NG, 2018)
HAT, X ER A K o i 1y B 36 A1 Ak S R 2508 &,
EEHNPE R PevE 28 B 1L X 5 2 A Ak = b 52
TAD o W xfE. JF B A 25 09 A & B8 H Bl
70% ~80% (4R 25 I A% 5 K BN AR AR A= 9. 1
BRI, CEE RS, RAMBHA
ORI R, 3 AR 75 K A8 i 45 5 d = A
PN, AR AR, AL
iR GRS, T AR R TR
a5 (Qiao et al. , 2014)

HoW A B TR AR LA JE e E T (M)
55, Bk AR AR X SEAT S R IR 2
WA EEINF 2 —, F2Ek 20 /470, B
KA H 2006 4F H BEPE 22 10 X A2 A5, FEiZH
X H AL, #8169 330 hm® 24 5 089 200 HLAZ Bk
pifeE, ERAFMAE 2 10T, AT (&)
WO R SR JUAF 2 30 4 1 B0 37 WL JEE 25 %) B 7 A%
MRERAY R A e By i TAE AT 8% - H iz & )
TERR O & B R K, T i — 2 i = HoAb 4%
BEFE XA KU ( Qiao et al. , 2014; Chen et al. ,
2019) o AT {i F A R L4 60 BR AR 19 07 v L B I AR
AR AN, S H AR T R 1Y [ R

N, LMEYIBIE b A B E AR
HO(IPM) E LY ENINE R NN ERGERZ
—, FIHR B 2B ia R A K e i — A FA Y
WA (SRR, 2001) o 7E HAS. P T SEK
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C & B n] A B 2 A AR A O A gk DR A A A 1 R
BB /N Kriechbaumerella hofferi Boutek , Bk/|Nig
Qoencyrtus dictyoplocae Sharkov, [ ¥%5 ff -5 /N
Mesocomys albitarsis Ashmead, Mesocomys kalinai
Ozidikmen, WE#FRARYE Trichogramma chilonis Ishii,
B W R AR % Trichogramma dendrolimi Matsumura
( Clausen, 1927; Noyes, 2020) . H gij & {5 T 4R
A IR A i B A A A M R FORY IS4 L R ARGE
RIWRGHW AT, R AE (2000, 2001)
TEHE PRI 1 B AZ Ak 3 7 DA i i 30 799 v O 48
LR, PO/ N Anastatus sp. S BRIIIG
PEREL, BT ARIB] B 16 H A X A i B A 4% 1
A A FATIR 69. 30% o S IALA Ml 5 AL T2 1)
e o i J R B PR B A A AL 2y, A0 A W B
BREAKY 12 %F &L, ARG T 2018 - 2019 4%
A Bl i e DR A R i A T IX AR G R A A< B
DUIER BH 12 5 O 3 00 27 A M R BOR 28 K B AR %7
AR, R AR A DR e M 4 A= 0 7 v AR A A e 1 R
PR SR AR

1 #MR5HE*

1.1 REREFNH S

RIS, T H A PEra i, ¥4k 600 ~1 100 m,
32°48752"N ~35°45°03"N, 104°54°18"E ~ 105°55
36"E, %G A R A s Bk, T 2018 -
2019 AEAEIZTE T 3 M E (X)) 19 5 DR AT
KA 7™ T A AR = B AT T R e R HE M
(LD
1.2 @AEHE

FR AR AT K 7 1 B9 7 A% BEAR B 2AREE FE . &
RERI e (26305, 2002) , TR AY
KA IXR AR 1 B — 1> O H ol ik o 1A
(HAA£2.5cem x K10 em) if5E BE O, [F
0 G 5 DA si B AR A b 1% B gk K IR B,
B AR A A5 B B A BCAT R A K A e BT A7 19 A% BE AR
=20 pRE T A . SRESEERE, HREA ISR
BhLmEE TATARMEE (RE25+1°C,
YUEJE T0% +5% , JEEMI LD =14 h:10 h)
TTRERFR, B H WG AT KA 9% 09 25 A= M Kk
PUEREDL, s & A N B9 B Pk 2 A8 7 Kk
BCRBOFR W, 8 A B 5 P KRR R
AHIC 14 43 25 SC R % kL 2E 47 90 25 %5 8 ( Gibson,

1989, 1995, 1997, 2011; Yao, 2005; Gibson and
Fusu, 2016; Noyes, 2020) , [&] BB dn A< HIE 27 25 %
SR G GG LA TG A0 LA 45 08 R R,
T 27 AR W S ML Ao DR BRI 8 A AR 1Y
PRIEST ) A 12 O B 28 /A — R B k5 A B B R B
A A 0 A Y SR R SR AL e B e T AR
ORI R T A2 b LR, B E 1A R A
R Mk BRI 32 A 0 o
L3 HiEsH

R BT B3R K Office Excel 2016 #1745 7
I3HTe S abR BT AT

P, = (A;/B;,) 100 (1)

(1) Kb PACR B OISR AR, A5 B2
FRARER « VA s Bl AT A 1 DR BRI R A2 B Bk
S

pP,= (C;/D,) 100 (2)

(2) b PRFEBIPRZFAR, €5 D45
AR ¢ VA Al R Rl A A IR S BSCRI SR B IR
SEG

Q= (E/XB) 100 (3)

(3) Arh QIRERF AN IR AR, EAR
R R AR AT A R SR X B AR (A
A 3l S B HBCE A

Q,= (F,/XD;) 100 (4)

(4) K QIR T A M ORI A7 2R 2, F AR
P R A A A A R B R X DARER i M
A Hb Y R EUE AT

MEPELL( %) = (TR TR S % 100

(5)

d= (N;/N) 100 (6)

(6) Kb d ARRWFICHEZFEE (DRI 5
54X Berger — Parker index) , Nj'ﬁ N BT R4
H SRS j o 2 A WA 1% R R R A b B AT A e K
Y d= 10 W EHEFR, S<d <10 HFEH,
1<d<5 EIWF, d<1 HFAF ( Berger and
Parker, 1970; Caruso and Migliorini, 2006) .

2 #RE5HH

2.1 REXFHINREFEEFTERR
AR R ERE TR, KL (26

BlOKRMIRED « SCR (mfeBL B e ot

SAMIKHE T R AP A, RS 1 114 DR,



6 11

FEREBEAF: H Bl T DR A R o 9 7 A e o S ) A

1467

2018 F1 2019 44351k 558 A~ Fl 556 4~ Bl ki %K
79 942 i, 2018 4F Fl 2019 4F 43 % & 40 081 A
39 861 ki, P4k A 5 302 3k, 2018 Al
2019 4E43 50 2 634 Fi12 668 k. W 1 A[%l, A
% 2018 4FEIA /2 2019 4F, SCH R DB A R A ik
R SRR G 85 7™ B AR O RS O R B R A )

AIIK 7.5 Pek5 5335 iy i € EL KR I BELARL PR B
BOS IRER D o000 4. 4 B 5284, 5 . 2018 A
2019 4F 5 Al £ b DXAR A K 7 8 O Bk A B A B T
PSRRI B AR AT R AR5 43.65% 6. 47% Fl
43.98% . 6.51%

®1 REXBRBIREFEEFTERRFE (2018 -2019 F)

Table 1 Details of parasitism of Caligula japonica eggs and its parasitic natural enemies

UIRES SRS

SR AEHb A5 Location Number of egg

DRI/ B

Number of eggs

SIEREAR(P,, %)
Total parasitism rate of

egg masses

SIPRIAFER( Py, %)
Total parasitism

rate of eggs

2018 2019 2018 2019 2018 2019 2018 2019
PRSI
4. 65 4.55 338.70 348. 50 44. 09 50.75 7.01 6.94
L Yuntai town
Kang County W
KR 5.70 4.40 374. 55 285. 40 35.21 31.96 6.27 6.98
Dananyu town
AR X Wudu District 5.05 6.35 413.40  501.15  52.82 58. 41 6. 88 6. 54
v fAE
5.40 5.00 353.95 324. 50 44. 16 41. 41 6.18 6. 36
S H Shangde town
Wen County el
7.10 7.50 523.45 533.50 41.97 37.37 5.99 5.72
Bikou town
S Average 5.58 5.56 400. 81 398. 61 43. 65 43.98 6. 47 6. 51
2.2 SRERF|IBIPT LR B LE = 0. 48% F15.98% (££2) »

HA A Bl P DX R AR A i g O 9 AR e O
w L SR A PR A R A A A O B (£ 2)
Forbie/NgERE 3 8 7 Bh: HOR-P I /N RSB
HE /N AR S I/ AP /NS
PR /NS A I SR A - R /DN R /N s
HRIERL AR M JR 1 b W BN IR B /DR
FEmi/ N R 1 b AR WG /NI o AN [ Bl 2K 1
AR A R M X o A SRR A A 22 57, A
v RN NS N TR R RN NS N
/N K S R R /NS o A fie )™ AR A% I A Ml
XIJRER RS, H PP e R b 2% R 48 1l IX 27 A= 0%
PRI 1) LI B, fies v] 0 34 80. 98%
56.59% « 13.43% J; 12.38% ; LR & RS0t I1E
N H P N B L A I T IR/ L B ]
0l o SR B M DX A A R KR 1) 4. 76% 2. 86%
J22.26% 5 Jire/ )N 5 0B A HR e DU S A S B3 1
BURBL, R o 2% R 52 3 X A7 A= 36 Fof A 5 A

2.3 REXRBHIVRBFEEMHENHE

B A i DA kB A M DR R R 2 Y A
SR UAS IS8 55, I 25 6 g Fh e O He K R s 27
A SORE (R 3) o B DUAR AT AR BRI 1, At
U S 11 SR/ NI 5 P B e A S R /N R K0 > 10,
hy Bl Fi 22 1 B A1 A A AR A KA ik DB ) 4 XA )
Tty HASPIE N J0 AT K R /N i I R IR
W R RBUUE - R /N8 g = g Rl DU, H R T
/NI AR A ST /DN T e /N W Ry B A AR A K A
R P AR A PR . R A R /N e 5 0 R R
AR BT 2 A8 SR AT R B A1, Rl 0 B B B AR R R
GRRLZF AR ST E B 5 DL A i v 4R SO S AR —
o FEVELCITTE . 46 IR 43 W T 3 40 s fE (M
PELE > 0.6) , b H R B /N e 34 00 A AR
IR Y- i /N W L R IR e 5 6 AR R /) e
WEVE L8 > 0.8, TR £ S JE /)N e AR UG ST B /1N
B fE 1 HE 34 < 0.7
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x3 BRAFOGTEFEBRERDTAFEIN LHEWFIER (2018 -2019 £F)

Table 3 Biological indexes of various egg parasitoids of Caligula japonica under natural conditions

4 4 gt
(SZULETIRCR B GURL .
N N \ DA A AR 2L (d)
AR (0, %) WER (Q,, %) e L
Legil . Berger-Parker
Parasitism rate of Parasitism rate of Sex ratio of female )
Species . . index
egg masses for each species  eggs for each species
2018 2019 2018 2019 2018 2019 2018 2019
il U 1 N
¥ " 30.41 25.93 3.59 2.93 0. 64 0.57 57.98 41.48
Mesocomys irabalae
P 2 A P/
et 25.50 27.91 2.39 3.01 0. 63 0. 64 32.97 45.30
Mesocomys albitarsis
E[ M7 7N
YR 6.59 7.70 0.32 0.24 0. 86 0.76 5.54 2.46
Anastatus japonicus
’—“‘( v 7. 7N
ARSI 2.09 1.35 0. 06 0.11 0. 86 0. 86 1.15 0.45
Anastatus fulloi
N 1 7N B
HATR 1.41 1.21 0.03 0. 06 1. 00 1. 00 0. 66 0.39
Anastatus gansuensis
REI ST i /N I
s 0.55 0.89 0.01 0.04 0.67 0. 67 0.16 0.19
Anastatus meilingensts
BiE /)N
e 0.37 0. 80 0.01 0.01 1. 00 0.50 0.05 0.13
Eupelmus sp.
JEAE FE /N
' b 1. 65 3.62 0. 06 0.10 0. 81 0. 86 1.49 7.01
Aprostocetus brevipedicellus
W R R e
- 0.40 - 0.01 - 0. 80 - 2.59
Trichogramma chilonis
w7 BRZYMEIZI X B A KR ES. Note  “— 7 indicates that the species has not been collected in the area.

3 @St

R B T s DX A DA A g B 2 A= 1 R R 2
Fur, SR PR A KA M op a7 £ 9 b, Horp
Aty P T ST T /)N 0 R A R A S DN B Dy B
A AR R A M OROC Hear AR i IR o R g S
P 2 M /)N W S — B Z B W) Fh - ( Polyembryonic
species, HI—RiONPIMLIH £ 0%) , HAR 7 Mk
W ok B BR BA M Rl ( Monoembryonic species, HJ
— RIS — Sk 88) o HOR TR/ R
RN <N R AN NI E I NS AN <N Y
AR I M L £ 1 I /) W R 8 YR AR T AT AR R A R A
kB, 9 MpapAz i, BRI Z 0 MR T PR

BOER MRSV /N (20— B H0A R 2 H
ARSEHE/NEE)  (Li et al. , 2014; Peng et al. , 2017) ,
HR g 1 B AR F /i, Clausen (1927) 1 7E
HATEADE ST 7% 3 Az 1 0 & F0 A= 5 55 A=
Y2240, JF o B AR A HOR R A K A ik
GROLH AT A 0, X AR SCHY 458 — 3. IR
NI MEPERDH (ARETR) MEMERH (RETR) W
i, IXATRE S B 2 A T B T A A AR Y A
Z— (Gibson, 1995) o H7#i ¥ I /N 86 Oy 8] 5 4 B
HSERE /N JE — i Fh ( Chen et al. , 2019) .
AWFFEE BT Bl R DX A R A 0 A T 4
FEERS AT A, SRR, ANRIHIX
RECFPIEWEA 2257, HAS R RS 09 RSO 4R A R
Fre e B A7 A AR TR], (H 2% SR 4R 5 P R A T IR
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INIEYSAT G A HOR AR RO RE, R A A S
B 80% LA o R AT K A i B P 5 A 3 BB
(> 40%) , MIBPRLAEFRIRIE ( < 7%) , HIR
PRIAT i 55 A R 4 g O B 2 o B R AR A G
(fAp263C4, 2002) , 2 Az e — i U RE 97 AR R T —
2, MIABETRA LN ER. DN 25 A 3 22 55 J A 7] g
5[] g T %o 3 e O Y 3 B MRS [ A5G, H R
TR A VRN A A A 5 R RO (A R
RAERLAE) 0 /) 88 W) 38 A 27 A= 2 38 H i
K. M E R E R ROE; RN — i 4
i A A W, PRI E /)N B AT TT RE Ol AR AF AR
( Gibson, 1995; Wkt g %%, 2009) . [RIEf, fEJH4F
GRELPIAL i 2 R B,k B — S DR Bk
PR K Ao L b 2 A e [ I 2F AR R . A I g
S A T /)N B R 1 B RS - T /) e ey A B e
HiRZ, M EHE 40% . T, [§]—BP
Htpe 22 A [m] I Bl Ak et gl Jor £ 1 I /N e B A
SRR H ARSI /N RRSCIE P IR /N B R H
AR /NI AF AR, X S fE B s R DS A AR
WH - BIEA NS ENE .

B 5 R — o BAh A% R AR A 5 5
( Haploid — male systems) , HJARSZAEON ( BAAEA)
KE N, MG (AR K E M
( Heimpel and Boer, 2008) , AW %Y A& P IE 2 7% AR
B AT R A /N e A 22 B Ao e ROk E M s 22
( Female — biased sex ratio) , A F| TR E TS
A7 HOR IR S A O MV, S &% BT
GE I IAZ W) T Ry 7 W A IME A2 6 ( Deuterotoky)
TENERR Antheraea pernyi Guérin — Méneville P _F J51¢
WERELL D 11321 (R A REAE) 5 B/t L sh
R, FEFRZ LY R R KD (2018 48
1M, 2019 4% 1 0 1 M) o [AIBFFST & BRI 2 7
W (BRBE/NIE) FESE E A AR RIP AT F,
JEHCPIR A 3 TR T A - T /)N B ) e B B AT 5
R EEBRE ST, ARk LI & A S
AEF AT R 508 T — & &4l ( Chen
et al. , 2019) o FRIT A H N A RO il B A R 2
WA AE B R BN, IR B HAE ) . AR AR
PE R B FHORLEA: ™ 0 551 e itk — 220 5¢
SO ZF AR e AR RIS A AR IR R S N R A
ARZ, WE. BE (TH) RITRASE,
WG T i 3SR ik S A e AR AR AR O, IR )
A G PR A AR A AR B FIRE 3 28T e T
fli ( Sithole et al. , 2019) .

TESHEAC 2GR IE I B TT M & kIR
DL, PRAB RSSO B R K R
40, ] 7 AR AR S 22 4 vy A0 $1 il 25
B 16 B AT 3 O B TR, HLBEE AR
AP AWTER T, SR NS ZE S IRAN L,
XEAHLE A oK H g g, DX 35 IR S 4%
Bif, £Fa IPM Sl 5= A R B R gt Ay
FEWIB G e SR A B e B P R BT, R R
FEHFw, A Y B IR BOR SR B 4% 3 2 F
S SR T AR Ml e R T % 1) g o ek A T A AR 1B
WA A 2 IE VI F 2, R A BUAYER A R
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