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Comparative ecology of some hymenopterous egg parasites
of the pine moth, Dendrolimus spectabilis Butler
(Lepidoptera : Lasiocampidae), with special
reference to the factors affecting their
efficiency as natural enemies

Yoshimi Hirose
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‘Table 1. A list of known hymenopterous
egg parasites of the pine moth in Japan.

Family Species
Scehomdae Telenomus dendrolmn
(Matsumura)
Trichogram- | Trichogramma dendrolimi
matidae Matsumura
Anastatus japonicus Ashmead
T Anastatus gastropachae
Eupelmidae Ashmead
Pseudanastatus albitarsis
(Ashmead)
Qoencyrtus kuvanae
lKneyrtidac (loward)
T'yndaricus navae llowardt
Pteromalidae | Pachyneuron sp.*

+t Secondary parasite

* (,ontnbutlon Se1 2, No 310, Lntomologlcal
Laboratory, Kyushu University.
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1 19204 B2 Y H LD yu#a-ﬂzﬁ@ﬂ@f
OUVTIIMI 7805 5 BB OB D b (AR, 1925 5
Ay, 19345 Kamiya, 1936), s123F4, < v hL
NDPIFE O 00> O/ EIBEIN 710 DU Tidid>
s D L L,WJP"'”MHHM L, 2K QML S T s
% (A - IppH, 19605 ANARLR, 19635 LU,
1964 ; Kim et al., 1935 ; Hirose er al,, 1968 a, b).
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mrwmquwiiamﬁK$0f,wéw6aﬂ
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W, 2NN ORIOMAIKIE U O gia il 1)<
B o0 C O M2 Ao DRT A ENTE, T
A5 OIIFLEINHT & %~ 95 L s OEIIN R 2 i
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CC, Prid 1960 470> 5 1967 41 THEAL & SN D
JiTC, Y A L OB RO BRI N, 20K
fE U Co (TN B! 59 20 & s O/ TR 3t
AW LT AL OB T XL, ZOUET, T
UIEAHE 1 & U CRiT O Ibbi s 7 v = v fii
WCriny, Ere, SNEERORPE b AN < Ok
o, COHMBTIZNR A v i2~v T3 F Tricho-
gramma dendrolimi Matsumura, ¥V A 22X
v 2N Telenomus dendrolimi (Matsumura), 7

2 AL R T )NF  Anastatus japonicus Ashmead
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Fig. 1. Map showing the location of four

study plots in the Japanese black
pine forest on the coast of Fukuoka
district. 1: Hanami A, 2: Hanami
B, 3: Kaminofu, 4: Hakozaki.
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T § ¥ d B UZsh IR >0 Ty U TEA D
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Fig. 2. Seasonal prevalence of eggs of the pine moth and the trend of parasitism
by three principal egg parasites, T'r. dendrolimi, Tel. dendrolimi, and A,
Jjaponicus, at study plots in the Japanese black pine forest near IFukuoka,
Ordinates on the left: (n--1) values of density of pine moth eggs per
tree and those of density of parasitized pine moth eggs per tree on the
logarithmic scale. A: Hanami A in 1960, B: Hanami B in 1961,
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TFig. 2 (cont.). C: Hanami B in 1962,
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‘Table 2. Parasite attack on the pine moth eggs placed artificially at Hanami B in
the Japanese black pine forest near Fukuoka during the period when the natural

hosts > net available in the study plot.
- - !
Period of i No. of ilot'll o Percentage parasitism by
Year egg masses,egg masses of Le S'; i :
exposed i placed | g8 I T'r. dendrolimi i Tel. dendrolimi \ A. japonicus
e iR \ gg masses 0 45.5 0
Aug. 913 1 265 I ngs o o o
1061 :
. § Egg masses 0 38.5 23.1
o 2
Aug, 13—17 13 322 Eggs 0 ; 5 6 . 8 1
: [ o e L ] — S
- | Egg masses; 0 57.7 3.8
[ S B o] 1=
JAug. 5 9| 26 599 | Lggs 0 34.4 ! 1.7
: | . Egg masses 0 ] 84.6 | 0
1962 ° Aug. Q——-lo; 13 - 330 Eggs i 0 67.9 0
| :
_qal Egg masses 0 i 55.6 i @]
Aug.13—18/ 9 206 Eggs | 0 | e ‘, o
i | | i | | -
Table 3. Egg parasitism of the pine moth in the Japanese black pine forest near
Fukuoka.
i ] - |
. . ' I)ensny of | Percentdge parasumm by
ol
Siﬁilty i Year ly;gir’}:t(:f)l:‘ i the pine moth | - :
! i gener eggs per tree| Tr. dendrolzmz Tel. dendrolzmz] A. japonicus } Total
: . — L —_— DN .
i 3 P B
S 1 First \ 163.3 17.6 | Lo 0 18.6
Hanami AJ 19605 Gecona 3.2 0 12.8 0 12.8
\
| 1961 First ; 358.5 5.2 0.8 ! 0.2 6.2
’ : Second ! 2.1 0 9.3 0 9.3
. L First | 2270 2.6 ! 2.5 ’ 0.5 5.6
ans 3 5| Ll : . .
tanami B 1962 | Gecond 0.9 0 C se4 0 86. 4
Logg | Tirst | 228.4 | 7.9 | 13.0 0.7 21.6
71 Second 21. 4 i 0.3 } 65.5 8.8 74.6
; I '
rogy | First L aoon 14. 4 0.2 ; 0 14.6
Kaminofu | Second - 0 ! —_ —* — —_—
1962 | Second ! 3.0 | o 90. 1 f 0 90. 1
| ; 3 ! i
| 1960 First | 217.0 3.1 1 4.5 i 0.2 7.8
Hakozaki | 1 Second 29.6 | 0 I 28. 4 ‘ 1.8 30.2
i i Lirst : 357.3 | 6.8 9.7 | 0.04 16.5
1961 | . | :
| | Second i 3.8 ! 2.6 ; 7.7 : 10.3 20.6
| | | |

* A high level of parasitization occurred in egg masses obtained from trees other than sample
trees.
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I, COMMNE Tt bR 100 1 I S ok)E TOINHIEDHEFDHTNCENC S b 597,
BSOS, TORIEONETRIERIZ S COHULE T I{RDYIHD &K -~ FER 2 e h T
L OV VIR O R A AU S L i A D BT, HHE T B U A DORABEE RIZ &
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BUTUTIL D =Y BV ANOIITF IR D07 O A O
%»iﬁﬁﬂ;-bfng. CAUT LI 7200 WK CHh %
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B SR O G E R TN S, L L,
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@éﬁﬂ“?f*/ Y H LN R DR R B IS, A
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JMF% DEVFET, LT EREORT AR L
Ty (Kim et al., 1965).
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Fecundity of four principal egg parasites of the pine moth,

i
Parasite i ) .
species Mating

t

Tr. dendrolimi \ Not observed
Observed

Tel. dendrolimi Not observed

A. japonicus Obhserved

A. gastropachae | Observed

|

No. of No. of eggs
females laid per female
tested (Mean +959% C. L. )
15 185.6429.5
I
14 : 69.9+12.1
6 ; 54.84+34.8
7 | (153.0424.7)+ 7 %
8 (60.1+11. 0)+ ¢ +

* Experiment was discontinued 24 days after emergence.
1 Experiment was discontinued 18 days after emergence,
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Sex ratio of five principal egg parasites of the pine moth.

Parasite species

Source of materials S

1
No. of adulis ! Sex ratio

& | wiita
! Reared from 7 host egg masses collect- | " : v
Tr. dendrolimi i ed at HHakozaki on 4 July 1960 PO 159 0.877
. Produced by 15 females reared in the b, g o
‘i. laboratory ‘: 2307 354 0. 867
| Reared from § host egg masses collect- - o
ed at Hakozaki on 4 July 1960 970 9 0. 864
- L Reared from 19 host egg masses collect- \ s
Tel. dendrolimi ed at Hakozaki on 29 Sept. 1960 s$77 121 0-75
Produced by 14 mated females reared in 760 188 0. 80¢
the laboratory o R S
. |
! Reared from 29 host egg masses collect- J 42 17 [ 0. 044
ed at Hanami B in June-July 1966 l
P Ce Reared from 3 host egg masses collect- ) it
A. japonicus ' ed at Hanami B on 28 June 1967 ’ 93 18] 0. 1538
Produced by 7 mated females reared in \ L .
the labolatory 653 406 | 0.617
Reared fmm 6 host egg masses collect-
’ ed at Gyokuté6 near Kumamoto on 26 260 42 0. 861
" July 1966
) . - ! Reared from 9 host egg masses collect-
A gastropachae i ed at Ueki near Kumamoto on 25 July 154 25 0. 793
L1966 .
| L .
i Produced by 8 mated females reared in . P e
the laboratory : a7 209 ; 0. 565
) - B ! = —
. Reared from 6 host egg masses collect- | i
i ed at Mashiki near Kumamoto on 196 65 1 0.751
P. albitarsis ‘ 26 July 1966 i 1
Reared from 7 host egg masses collect- | i
ed at Ueki near Kumamoto on 25 July @ 121 32 0.791
Yo
|

]‘ 1966
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NOXENFEESHEOWLZRUIZ. TOERPS,
WINOEEEN, BAR HbT, HEOHEN H
P, B O THEREBENT, H30RFACHNT
LENONIERBIC L HhBLU L BEYWEBH LTS
LEDbhD. —BIT, FEROHILIEZIOTH
AFRE—FEOHEZRT DO, W, I ELER
WX THERRT, BEULEHTA LD
WDT, COL I RFEEVELINEDIIUROCET
HHH. LIchoT, ZNZFNOROERENBEDL S
BBERICE D THERZT 2052005 T 5 588
H5H. TR EESEICOWT, ZO0HHOEREITE
#4252, 3OFERICOVTHRELTAIL.
AR BUBERM R 729 L&k HoNTw
b ZO%E, KEIOKRULNWEY #OA%
9 A EEMEYE (arthenotoky) TH B, FCL>T
12, RZREMEDMED A %2 iEH 3 % ElfE: (thelyotoky)
RRZRMEDS I MR PR T 505, R 28
D% FEHT % BN (deuterotoky) D D
Aoh, %2FTIF MABEEY BE 8L TH S
(Doutt, 1859). U7zp527T, HAEBOM:HOESIZ
Z DD B8 3 DORAATRIDWTIUTIB T % i
EOTELVBNZETLCLEBWHLNLTHS.
ZTT, vYALNORBEIRFEBSEICONTZ
OBBERERZR/IZE LA, FA 02T RF R
WAL T R A2 17/8 5 T & TR
LIt. ¥4 v 2w I FIBNTEERTLFIKED
HEDENCEDBIEIN DT, B
FEMEHE: HA/ETE21T/0 5 BEADSH DT, BRI BFH
(1961) 13, REXREOF FAFOMH EINT 5 & D
FREPET D EMRTNADTH AL, CORPTHE
WET 2w, UTOL > LEBRZIIRON.
HEBLLPLLIZIEN Y ORKEDFf v a2 T
NF O 1S OBBEICEL, ZhZndEm
10 e RIEE LTHERLS X THIIX R KEBOH
ATHEIFYHIBIS AU R0T, BT
UTCEESRRB OB R R EFRT, 2, 240
IR%EE S Il oIchs, EBROEMIEERIT S h o0
ETh%. RPOFRE, JREVERLIZBOWNLE
PUELIz8IZT T, FEPREHLU T 2T
WHBELEDTREHL, F6RTRLIL. CORTH
L& ST, EDRELZBOMLE & HITEITDE
OEERFEH LIz, U237, ARG HAE
FERITI S LU TL VW EiIKish. L L, TT
TEDEEIND &3, ERCHC I BERERL
VHUNIIARICE, SO THETIRS 58I

Table 6, Sex ratio of the progeny produced
by unmated females of T'r. dendrolimi.

: [ ' No. of
Series | Female © progeny Sex ratio
of ex- | parasite — 2278=" | ° o
periments*% no. S a |7 2+3>
i ]
1 113 7 0.942
2 36 1 | 0973
A 3 87 3 H 0.967
4 165 19 ¢ 0.897
5 1 10 | 0.917
1 112 6 0. 949
B 2 109 11 0.908
3 77 6 0.928
L4 86 3 0.966
% 1 44 2 0. 957
o2 1 29 4 0.879
c I 3 | 8 6 0.930
4 L9 10 0.916
5 | 73 6 0.924

i

* FEach series of experiments was carried
out by using unmated females produced
from the same host egg.

PN EWVSEETHS. NS ORMENFTIIN
KBHUT OB KBLUTWEWN CEIIHBHTH S
»5, BEHHATICEIRTHEE R U TWgn &0 SRR
/o, TR GO RO U
BEBR b2 L5 XD, ZOBMETRRET 5
EAIE BTV A, LIzdioT, fo& A TN
TOXEWAFEIZE LTS, TOERIT HLi B
BINRTHZETHOICEIE F ATV, Quednau
(19680) itk A &, Trichogramma |8 C|3FEMYEBY
HFER 772 SFT 4 Dendrolimus BOFFITHEL
72 T. embryophagum D X 5 iz, KBOIMCHHEL T
IFES RBERMCEIN 3 S HORERO H50 80~
OBITET ALV, LT T, LiRO L 5o
ERICHW I BBOREOEEC OV T 3 SN
b L3, KBS EMR1T2 5 ek
LRSI BE TEBN. Lb LS, AEOHF
B 5, RHTHEELD D BIUET B &0 5 & 5 7k
P, BNEFAZEOT, (NI TELBELTWLYG
WD, ZOWEMIZETSELTLWERDNRS.

BT BE LI HFEID S O ABPLRBD i
CQ/C(24+801 & UT, BE - B (1960) i3 0.84
%, %1z Kim et al, (1965) i3 0.822~0.922, ¥y
0.896 (BEENAMTO L&L BEER2 LD
o ORERDRY LEFERHD 2WEL TS, C
NS OBEPEEVRICRLUIIEERROLAT, &
BEOHLR~Y N OIRFEBRPRILETHD,
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OFZFEEMMOEIN T & () ERIFEDT, BEAS A DFE U Io T DI2 § b 597, Ao
T WD PE VL OO s I S U T ol PR L HATTHEOFEHIG S H U oz, Toi
THCERMRBIILTWD S, HUEETONIHIHE LD pE LI s b T kiedh 4.
WA N A7 TRTFThHH, 1 5RIIT PRI I E R BT >'f'“())ﬂ=frk/7b\1, REWEOPHEH O
TUTIHEA G 2 B CIaPEI L 0.864 & 0.752 Tl (70> A1 & BRI N D CRROYELLD N 2R A 13
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'Hffﬁl.\f. ACDRATEOYEH 2L S8 T H T & LT 5. filkkZs BIRIL Spalangia drosophilae
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&C“)L*”"}L PELEIRAN 52609k 5T 0.806 T, 1iff MBS 77 1 MO AE TN Z 00/ (I g
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F e T (1960) o 0.78, A=6 (1957) o> 0.618~ WOOTT, BTG 1CD E D 75 BIR T B Tk
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Fig. 3. Daily record of sex ratios of the progeny of A. japonicus (¢) and A,
gastropachae (o) observed 3 days after emergence.
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PELE £2/(2 481 & LT 0.840~0.884 ac\ SHi%
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EDETH B ERDALS . 1210, v A OPTA
FRpsaf - Uci(y, Clausen (1927) (3MEJ b & ik
A, PEIEEUTCIEL f 1I@imnE LT h, it
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Developmental period of five principal egg parasites of the pine moth,

Parasite ! Sex
species i
! -
L. Q
T'r. dendrolimi @
Tel. dendrolimi 6’)\
. juponicus 6:‘
A. gastropachae } (l},\
P. albitarsis [ ?
. ‘ 3
i

Mean developmental period in days

25°C 28°C
11, 7+0 11(115)1) 8.44-0.3 (35)
12.140.2 (22) 8.7-2.9 (3)
16.9-£0.2 (122)  12.0-+0  (43)
17.040. 4 (22) 12,060 (8)
28.0::3.2 (4) 20.4--0.5 (7)
25.940.3 (23) 20.940.3 (27)
- 19.7+1.5 (3)
- 19.940.4 (15)
15.6--0.3 (18)
15.720.4 (11)

a:Meant95% C. L.

b : Number of individuals tested.
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Adult longe\uty of five prmmpal egg parasites of the pine moth.
The adult parasites were provided
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with either water or honey.

|
. I
Parasite

Mean longevity in days

species Sex .
Water Honey
Tr. dendrolimi | 6" : j t_? 22 i gi : (6, E‘;g;
Tel. dendrolimi 6‘ (1) Eg; 1’2 ;i_,) ; E;;
. japonicus @ o ;_J;E) 3(28) 2):45 ;l; 8 E;’g
s Tmsay mrmean
P. albitarsis & - ii_o 3 (20) ;; 22;2 j Sg%
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Fig. 4.

Daily oviposition in four principal egg parasites of the pine moth, Solid
arrows indicate the days when experiments were discontinued,

Dotted arrows

indicate the mean longevity of female parasites used for the experiments.
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Table 9. Number of host eggs parasitized by a female of four principal egg
parasites of the pine moth during her life,

‘ |

No. of | No. of host : No., of
Parasite [ females ' eggs parasitized by | parasites produ-
species ! t:ste(‘dw a female | ced in each host
1 ’ (Mean-+95% C. L.) egg
Tr. dendrolimi | 15 9.14+1.4 15, 2—28. 8%
|
. .o | i
Tel. dendrolimi - 14 12.14+3.1 4. 8—0. 7%
i ‘ :
A. japonicus ‘ 7 ‘ (153.0:4:24.7)- ¢ 1

A. gastropachae ‘ 8

i

(60.1::11.0) | ¥ 1

* The range of the mean value was calculated for each female tested.
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Table 10. Relations between the position of
two host egg mass types above the
ground and height of the tree harbor-
ing egg masses. Figures in parentheses
denote the number of egg masses ob-
served,

Mean height (cm. above the ground)

Height of of the position of egg masses
treeincm. " N
Large-type Small-type
100> 72.5 (4) 41. 8 (17)
110~150 84.4 (18) 69.8 (121)
160~200 113.5 (79) 79.7 (226)
210~250 146.0 (80) 93.5 (160)
260~300 173.1 (35) 121.0 (63)
310~350 225.0 (20) 145.5 (33)
360<< 232.1 (14) 128.6 (7)
Average 145.1 (250) 88.4 (627)
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Fig. 8. Relations between the number of two types of host egg masses per tree
and height of the trees harboring egg masses,
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I'ig. 9. Relations between the percentage parasitism of two host egg
mass types by Tr. dendrolimi (o) and Tel, dendrolimi () and
the number of host egg masses per tree,

B9 & 2 ONEINLE § 2RO T ETEhS0 1iE A HUADS h DI E OBMER TINT A B &, RIIBTITL
D DDIDAD N, COBY, ABNIRTE 7 ORI Ty K& D L OBIDTEADT S N A DT 05,
/NI B AT Upote, =0, Bl & A NI IR D 78K, BT Hoii:



138

M24% W25

FNLVEFERED S (8K .
B, AU E AL DL L, ZUTZDL D
RFHCE L FEADT 6N 505, DRI AL 20X
3 R BEDI A H NI EWREIN .

B0 Re N Sl o AN 3= S s oy P
FITDWTIE, RIERO Fkbe & DR T M4 2
L, BUED LT A, DX B3 ITHEALLND.

¥V B UADFUUTIMEN IO L TIRIMT &
2L ONHINT I LA TR BIBE 2 pE 7, 2 DAL,
HOIEL s LHIC M T E AL 32 TH 5,
NI BB HD T VDRI EAED S (LM,
1967). T 578 KIPBUODFEIMRB > 5 HE 331 5

5, KIIBRDAAINS, YHEDBW, W TAEZ
VOB EBL K TT B ENS 7Y AL ADNID
DAFHE R & AFE AT 4L, FIOARRIEL <D
RIS AT 5. —T5, DNBOBNITE, 200
THIO T ST D PR 2 FR /20U, ET0Y
TEZ LI OTHHIEINT ATy B LADRIUL
vv®*®kmm#bb9h<W%&mU%W#%a
12, EOAKIZE D DNIIBEAST B EISIE A D
N, HUBIOROYATE, AT X
hd EINET O, =Y H LA DAL DS ki

Pl DI

THEIrcUITUIEfTebh 5 ki, B ’5’“‘7)1’355!&(
FUETAL L b & B BARUTHEINT 2 ¢ &DSHEN S

NHDIT L, FRADTIRE & 28> T MRS T DA i

WY i Ze 8™ % Al

WAL WIS, 2 VIETHIVT E OMALO 2 VI T
L UBBL 2 REAT 12T, TOT, Vg
DRBLODFEALF AT D 2 vk b KL e 5.

Table 11.
Tel. dendrolimi.
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Parasitization of two host egg mass types by 7'r. dendrolimi and

\g S
ost | Collection | Type of | Noof eme Percentage of egg masses parasitized by,
generation date egg masses collected Tr. dendrolzml. Tel dendrolimi
Large 25 24.0] , 44.0
June 23 Smail 43 e 34.9}
Large 250 65.2 75.2
July 2 Small 635 b 3
First
Large 36 75.0 88.9
July 12 Smail 287 e 20, of
Large 311 63.0 74.3
Total Smail 936 o oft e
Large 64 3.1 89.1
Second Sept. 29 Smail 176 0 5. 3t
*

0.01<<P<C0.05 in x?-test.
T P<C0.01 in x2-test,
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Table 12. Hyperparasitism by Pachyneuron
sp. of Tr. dendrolimi in the first gen-
eration of the pine moth in the Japanese
black pine forest near Fukuoka,

Density of the | Percentage
3o d pine moth eggs ' parasitism
S?l](;lty Year . parasitized by
I ‘ Tr. dendrolimi ‘Pachyneuron
i per tree | sp.*
Manami A | 1960 28.8 0.8
1961 18.8 0.5
IHanami B | 1962 58. 4 1.3
1963 18.0 0.9
Kaminofu | 1961 59.1 1.2
Alemyals | 1960 6.7 0
ITakozaki 1961 243 i 0

* This figure was calculated for the number
of the pine moth eggs parasitized by Tr.
dendrolimi.
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Table 13.
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Pachyneuron sp. LAV Tyndaricus navae lo-
DR C R D C
EDNLNTOLHS CEH, 1961, 2
Bk, EARONTIUCINT § F77C Okl
WU,
b. FEBRRBOT7VICLZHE

WA RO 12 5 E L AL T s
FEBN 2 LIRS 77 0 0 7 T2 X OO Frod syt o w2 L )
THRLTOH T ENAALND . JEIIEN-CE o
SO TG A 28 D BE NG C ) A, H A (1961)
3V H L ANOIALGLOAIT A TEH D M4 oy
W74 7Y Crematogaster laboriosa Smith )iz

ward 4 v 2 H Lo Y,

F7 LNOIIBNTHIE L Tk & &MU S & ¢
LIS FRRT DO MR UTH LT, Bl
B EORIET D H 93 F 170 B 700Dy, Tk

ITost range of five principal egg parasites of the pine moth in Japan.

Parasite species \

Host range*

| Hyp/zantrza cunea D1ury (Arctiidae), Spilarctia lutea Japomca Rothschild

(do.), S. subcarnea Walker (do.), Hemerophila atrilineata Butler (Geometridae),
i Parnara guttata Bremer et Grey (Hesperiidae), Microleon longipalpis Butler
‘ (Heterogeneidae), Phrixolepia sericea Butler (do.), Dendrolimus spectabilis
! Butler (Lasiocampidae), D. superans Butler (do.), Euproctis pseudoconspersa
1

Tr. dendrolimi

Strand (Lymantriidae), E. similis Fuessly (do.), Lymantria dispar Linné (do.),
Aedia leucomelas Linné (Noctuidae), Apatele major Bremer (do.), Arcte coe-
| rulea Guénée (do.), Plusiodonta coelonota Koller (do.), Phalera flavescens

Bremer et Grey (Notodontidae),
| Grapholitha molesta Busck (do.), Papilio xuthus Linné (Papilionidae),® Glyphodes

Cydia splendana 1liibner (Olethreutidae),

.+ pyroalis Walker (Pyralididae), Hymenia recurvalis TFabricius (do.), Ostrinia
[ nubilalis Miibner (do.), Syllepte derogata Fabricius (do.), Marumba gaschke-
witschii echephron Boisdvual (Sphingidae),® Philosamia cynihia pryeri Butler
(Saturniidae),* Adoxophyes orana TFischer von Roslerstamm (Tortricidae),

coffearia Nietner (do.)

Archips breviplicanus Walsingham (do.),* Eana argentana Clerck (do.), Homona

Tel. dendrolimi (Sph1ng1dae)"

A. japonicus

A. gastropachae (Coreidae)?

Dendrolimus spectabilis Butler (Lasiocampidae), Hyloicus caligineus Butler

Dendrolzmus speczabzlzs Butlel (Laswcampldae), Ma!acosoma neustria testacea
Motschulsky (do.),¢ Philudoria albomaculata Bremer (do.),* Lymantria dispar
Linné (Lymantriidae), Sasakia charonda llewitson (Nymphalidae), Philo-
samia cynthia pryeri Butler (Saturniidae),* Nezara viridula Linné (Pentato-
midae),* N, antennata ‘3cott (do e

Dendrolxmus spectabzlzs Butler (Laswcampldae) Rzptornm clavatus lhunbelg

P. albitarsis

' Dendrolimus spectabilis Butler (Lasiocampidae),
| (Lymantriidae), Dictyoploca japonica Moore (Saturniidae)

Lymantria dispar Linné

* Source of the records is the catalogue compiled by Yasumatsu and Watanabe (1964) except

for hosts marked with the following alphabetical letters.
Hirose et al. (1968a). llosts recorded in the laboratory were

c: Hokyo er al. (1966), d:
omitted.

a: Original, b: Hirose (1964),
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Summary

Investigations were conducted both in the field and the laboratory to determine some of the
more important ecological factors affecting the elliciency of T'richogramma dendrolimi Matsumura,
Telenomus dendrolimi (Matsumura), Anastatus japonicus Ashmead, A. gastropachae Ashmead and
Pseudanastatus albitarsis (Ashmead), hymenopterous egg parasites of the pine moth, Dendrolimus
spectabilis Butler, Field studies were made in the Japanese black pine forest on the coast of
IFukuoka district between 1960 and 1967, and the majority of materials for laboratory studies
were also collected from this area.

Some biological characteristics of the five egg parasites, e. g., fecundity, sex ratio, length of
developmental period, adult longevity, pattern of ovigenesis etc. were studied. Characteristics of
host population in time and space, e. g., seasonal prevalence of host population and spatial dis-
tribution of host egg masses in the pine forest were also studied in connection with parasitism
by the egg parasites. In addition, hyperparasitism, predation of adult parasites by ants, alterna-
tive hosts, interspecific competition between parasites and source of foods for adult parasites
were investigated. Conclusions to be derived from the comparative study of these ecological
factors affecting the efliciency of the five principal egg parasites of the pine moth as natural
enemies can be expressed as follows,

Trichogramma dendrolimi

This species is the most prolific of the egg parasites of the pine moth (the mean fecundity,
186). There is little variation in the sex ratio, and an extremely high proportion of females
(£6-88 95 females) is always recorded. This is probably due to its uniparental reproduction
(deuterotokous parthenogenesis). The developmental period of this species is the shortest of the
ecg parasites of the pine moth (the mean developmental period in 28°C, 8 days). This makes
it possible for the parasite to complete three generations per one generation of the host. The
above-mentioned characteristics of the parasite indicate that its potential rate of increase is
exceedingly high, Consequently, the parasite can respond rapidly to a greater increase in the
host population during a host oviposition period. A high level of parasitization at the end of
the host oviposition period in the first generation is primarily caused by a rapid increase in
parasite populations,

This species is pro-ovigenic, and the adult is short-lived (the mean longevity of females fed
on honey in 28°C, 11 days). These characteristics are disadvantageous to the parasite in the
case of the second host generation in which the host population density is usually very low,
The short longevity of the adult females indicates that they can not survive in the period be-
tween the first and second host generations. These are the reasons why host eggs in the seocnd
generation are rarely attacked by the parasite every year.

Although many lepidopterous insects are known to be hosts of the parasite, they are all the
inhabitants of other types of forests than pine forests. The absence of alternative hosts in the
period between the first and second host generations is another reason for a low level of para-
sitization in the second host generation. Since there are no overwintering host eggs in the pine
forest, the initial parasitization in the first host generation is probably due to the parasites
which happen to enter the pine forest from outside areas., It is, therefore, apparent that the
absence of alternative hosts in the pine forest is an important factor limiting the efliciency of
the parasite in both of the two host generations,

A high degree of gregarious parasitism inherent in this species (mean number of parasites
produced in each host egg, 15-29) decreases the efliciency of the parasitism, so that each female
parasite can parasitize only nine host eggs on an average during its life span,

Spatial distribution of host egg masses in the pine forest influences the efliciency of this
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parasite; the more the large-sized egg masses are deposited in a pine tree, the heavier the para-
sitization of the egg masses occurs, because large-sized egg masses are more frequently deposit-
ed in taller pine trees especially in their higher crowns which correspond to the preferential
range of the female parasite,

Hyperparasitism by Pachyneuron sp. is very rare and is not an important factor limiting
the efficiency of the parasite,

Telenomus dendrolimi

In spite of the relatively low fecundity of this species (the mean fecundity, about 70), its
potential rate of increase is considerably high, because the developmental period is so short
(the mean developmental period in 28°C, 12 days) that two generations of the parasite can be
produced per one generation of the host. Consequently, the parasite is able to increase in number
rapidly and to attain to its high population density at the end of the host oviposition period,

T'his species exhibits arrhenotokous parthenogenesis, Male progeny produced by unmated
females may reduce the proportion of females in the parasite population. However, such a
phenomenon rarely occurs in the field, and a great preponderance of females (75-86 % females)
is usually recorded there.

‘I'his species is pro-ovigenic, but the adult females fed on honey can live long (the mean
longevity in 28°C, about 50 days). The combination of these two desirable characteristics as
control agents suggests a high power of host discovery of the parasite followed by a high
efliciency of egg deposition. [furthermore, the great longevity of the female parasite suggests
that she can survive in the period between the first and second generations of the host during
which no host is available. T'or these reasons, the high adult parasite population, which has
already grown at the end of the host oviposition period of the first generation, can attack host
eggs in the second generation period, and a high level of parasitization often occurs in the host
generation regardless of the host population density.

1ligh host populations are occasionally observed in the second host generation, while this host
generation is usually produced partially in the study area. Such a great abundance of hosts
would favour the elliciency of the parasite, because the parasite can cause a severe mortality
of the pine moth eggs in the second generation irrespective of the host population density.

In contrast to 7'r. dendrolimi, this parasite tends to attack the host egg masses in the lower
crown of a pine tree. Sucb a failure to fully occupy a host-inhabited area may reduce the
efliciency of the parasite as in the case of Tr. dendrolimi, but it prevents the former from de-
creasing its efliciency by avoiding the multiparasitic competition with the latter.

Because this species is characterized by a lower degree of gregarious parasitism than Tr.
dendrolimi (mean number of the parasites produced in each host egg, 5-7) in spite of its low
fecundity, each female of the former can parasitize a few more host eggs than that of the
latter during her life,

Hyloicus caligineus Butler, only one alternative host of this parasite in the pine forest, is
always very scarce and seems of little importance except for a brief period of spring when no
pine moth eggs are available in the forest.

Anastatus japonicus, A. gastropachae and Pseudanastatus albitarsis

Some factors common to these three related species influence their efficiency.

These species are all synovigenic, and the adults are long-lived (the mean longevity of
females fed on honey in 28°C, 53 days in A. japonicus, A5 days in P. albitarsis and 28 days in
. gastropachae respectively). It follows from this that the relatively high fecundity (the mean
fecundity, e. g., 153 or more in A. japonicus) and the great longevity of these species are largely
dependent on the availability of the source of foods for adult parasites such as nectar-bearing
plants and honeydew-producing insects in the pine forest. Therefore, the great scarcity of
these kinds of food sources in the pine forest is an important factor limiting the efficiency of
these parasites,

The synovigenic gravid females of these species are characterized by a phenomenon of
ovisorption. Low host densities would be advantageous to these species because of conservation
of reproductive material based on ovisorption. However, high host densities attained in a short
time during the host oviposition period as in the first host generation are disadvantageous to
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these synovigenic species because of their preoviposition period and of limited egg deposition
in a brief period.

The long developmental period of these species (the mean developmental period in 28°C,
about 20 days in A. japonicus and A. gastropachae and 16 days in P. albitarsis respectively)
indicates that they are unable to have more than one generation during one generation of the
host and can not respond rapidly to a remarkable change in the host density during the host
oviposition period. This is the main reason why a large number of host eggs in the first gen-
eration are usually able to escape from the parasitization by these species.

These species exhibit arrhenotokous parthenogenesis. Male progeny produced by unmated
females may reduce the proportion of females in the parasite population. Furthermore, in the
laboratory the proportion of male progeny of A. japonicus and A. gastropachae increases toward
the end of the life of females. However, such phenomena rarely occur in the field, and a great
preponderance of females (84 g5 females in A. japonicus, 79-86 ¢ females in 4. gastropachae and
75-79 % females in P. albitarsis) is usually recorded there.

These species are all solitary in the pine moth egg. Undoubtedly, this parasitic habit gives
the parasitism a greater efficiency as compared with gregarious parasites, T'r. dendrolimi and
Tel. dendrolimi.

These species may live the whole year on only pine moth egg without alternative hosts as
far as the study area is concerned. Neverthless, there is very little doubt that the absence of
alternative hosts in the pine forest is reducing the efficiency of these species,



