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Biological Characteristics of Tetrastichus sp. reared on Artificial Host
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ABSTRACT : A gregarious pupal endoparasitoid Tetrastichsus sp. (Hymenoptera: Eulophidae) was
reared in vitro from oviposition to adult emergence on an artificial host. The host pupal case was made
using 0.02 mm-thick polypropylene film, and was filled with a diet consisting of powders of Antheraea
pernyi pupa, chicken yolk, infant formula, royal jelly, and Neisenheimer’s salt solution. Female
parasitoids reared in the artificial host produced smaller sized progeny than those reared in in vivo, but
the adults reproduced fertile offsprings. Furthermore in vitro second-generation (G;) females showed
more improved biological characteristics, compared with their parents. The fecundity (mean no. adult
progeny), oviposition period (days), and longevity (days) of G, female were evaluated as 45.7, 7.8, and
13.8, respectively. Female biased sex ratio was obtained with 76.9% female progeny. The results
demonstrated that Tetrastichus sp. is a promising parasitoid for in vitro mass production.
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E  E ! Terrastichus sp.= v =33 pile] wdy] 7182, 17]2] %30 ojenle)e] x&s
N A 7| AEeH, Add oz AT g 2t} Al ol g B, e 2] 52
FoAARo =z 7] QlFHelE A8}l o™, polypropylene BE o2 WYYl g "HEo]
AFE5F2 AMEEIGTE AFEFoA L83 7|PH L AdEFolA 2 YHRGE= =77}
zZgtont, At Atgoz WA 7sdt A4S AT AdF5FAA LR in vitro 249 9]
RAESH AL invirro 1IN RE R AA SHGCh HF A 4, A7 £ 58 invitro
oA} 45.7,7.8,13.8Y olglx o7 HZ9 Ay 76.9%2 el gl o|2 8t A= Terrastichus
sp.7} in vitro HEARS-ol] A3 7| AH Y S By F)

HMO : Adxsz 7)Y, Invitro AFS, Tetrastichus sp.

ARTFL] S AEH WA Y e F 8l Qoo gt AA 3& AE AL £ S 5
Uz o2 FF2 Ho|F o] 43t A% F(natural o] £F ITFol FFAEANZRE o] Sojox
host) =¥ o)A £3F(factitious host) =& o] L3} 7] AP EA = 29 5 It Waage et al., 1985).
ARA L FAREY 5 AR A7 =¥, 88 5 ZAAA L] Qg ele} FalL EakxlE] FH(Ridgway
o] 4 o3, ol F<F(artificial host) & o] £3}H o] et al., 1970), F-r3H | F(Hagen, 1987; Hussein and
F wAAY BAAEE HAE & A& ¥ ofel,  Hagen, 1991), %) F(Hagen, 1987) SelA 2ug
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u} glom QlE Buk ohzt wAlREAY B
2218 E F2 GddFoA Bad v Qlok(Han er al.,
1988; Li et al., 1988; Liu et al., 1986). 18-} 33}
M6 s ANERS 3 T4Ee ASAT
ARk BAe 59 47 el sk oleu) @
A8k ol ZAR8{(Continuous artificial rearing)el] AJ-Z3t
o= ¢lciThompson, 1999). Ak} A& AF&F
Woll A ghAA)17]7] $jsire EAell HRg o kdE,
NAEEY ARE dFEFE FE37] A% B,
38" 27 o] £Z%|o]o} dtr}(Lee and Lee, 2000).

Bz Al A= v] 23] B vk Hyphantria cunea Dru-
ry)e] #Hd7le] 71shs ez A MEEHdd
Z Tetrastichus sp. (Lee et al., 1999)& AFE5FE o]
gotod 23 By F A)Ee] Al RE A

$BAAe HAE BY AT &7 el 2
Aok Wb B 2k AFHelEAAN AHEE 7]
A WA, 49, %% 54 5 4B 4

BT AEH A AR RS B8 b
Hg 2AE7) $15ked AASedTh

ME 3 WY
QA SHix|E E
AdF Helo] AL o JAEFANLAEFEFY)S

gl o](Lee and Lee, 19940 & 7|22 AE3} vl &
Z2alsle] A= ZA3ITH(Table 1). HF(Tricho-
gramma spp.)8] AFH o] AJE(Li, 1992)°)] o}m]xAl,
o2, velnl, AHEE 1aslr] 3, AAoks-
24 Royal Jelly 4#-& A2 A siech olg &
TA Aoz Zp7pe] ARuEE s 30 3R
o] WA W] WHAPE AT, AAEHA
ORE| AFow 9313 Ho|E AUl APNER
AH-&-sl=HTable 1).

Table 1. Composition of an artificial diet for Tetrastichus sp.

Ingredient Contents
Powder of Antheraea pernyi pupa 35¢g
Chicken yolk 0.5ml
20% infant formula 0.25ml
20% royal jelly 0.25ml
Neisenheimer’s salt solution 0.5ml
Penicillin (units/ml) 400
Streptomycin (units/ml) 400
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ol Ho7|H =

S 98l 71 4e) Hel g wehdsa 714
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g el mdz d3Uds)E Al 03
e 7)9} #)2h-& Lee and Lee (1994)9] whi& A-8-3}
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o ool A7 Smme] AEE o)goted FrilEe
05x 7o) 6mm)e] = ¥/4E Smm PHHez s
AT HAE ol g AT o] 0WA FUT F o
gelg ud PA7)E olestel WRHAY. oo}
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o] 5 7 vAE] HEE& WA el
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E3 4E e YEEAE o83 AFH el F4
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Eolqixd, dn) AgAs v E b A
g7)elA AL gle]z R R ¥ ARMLESE 2
A hol2EelA AL & AT WM 23K Anthe-

=]
Apmat

AF &5 A3 At a8&
Q

raea pernyi Guérin-Méneville)> <lF-<F
ohie} Fhol 2 Astl e ol 45k e HFe
= $3A7T e Y] AAFEDE B
2 olg Buyez Zol o5h-g(99%) Smiell FE
2 7F% 2g8 Yol ERT AL AFEFER S
A Aelsielar, el s I F IEE A
A ZIH.

ABZHFoM YWRE 7Y HefH SH=A

At 43¢ v]FE Bt A 9318 F 5 o
o] o}A& Bag-form® 6viel¥ AHZE3Htl 40719
Bag-formol] 7]A-& Y1 24A]7F Fof] EEj3lge
o Al gEFe ZakawE H(¢3x5.5cm)ed ¢
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o W& AZ} e BEAE, 2 9o =]
S 2As3)7] Y5l 2427 7k o2 Bag-formS
WA A ste, - 7] DA ARDAE e
A E5AL BT (%x400) st A zALE oM,
i 307RA HF FAHE At DA
AL 4

2 of

AdEFo A 2 NEE JtelzEor MY
g} Bag-form (135l Al A|A AL 149 7]
A AP AgHR olsh ol AAEFIA
g ZjAE S RN R AdFEFoA £33 A
& vk2 ESla, ol 20k A 1vtele 2
19 v&2 A1) gAY G x5Sl 47
$rkn=10). 7he] 2 A AFEFE 7|4 H
WE FaEgW Yol AR Azlen, 24*17J 77
o2 WE] F& WA Aze Aoz wAs F
gt ARl 9l F4F+ Incubator gtel|A] W& A]Z]
o} AFEFE HollA $383 A3 5 Ao 7|4 o)
Aol elFeFa EFA WA= 2L I(ife
time fecundity) ¢} AJv}|E FA}slF )

o]9} 7ro] QlFg&Zor] 3} 3 ®WE(in vitro Gl)
£ 23t upg oz T el TEFe| A= A|A 24
o 71 (in vitro G2)& Ao, 7] o] WA gk
a7 B¢ 215 THn = 14).

713 28 +2°C, 50-60%RH, L18 : D62] 714
AHEEIgleH, 10% BEE FF8e AFETFA
AR 71 1A g 24 AFe] AREZIZE Ap
4, ) Y] 59 xfo]E BAME7| Ydfed t-testE
AA B 0P, P=005 +204 FodE AR

Table 3. Length (um) (Mean == SD) of mandible of Tetrastichus
sp. reared on artificial hosts

Larval stage
Ist 2nd 3rd 4th
8.75+0.01 1671396 22991450 26.8113.59

Table 4. Developmental period in days (Mean =+ SD) of Tetra-
stichus sp. reared on artificial hosts at 28 £2°C

E Larva
Pupa Total
88 1st 2nd 3rd 4th P

2.0 1.0 2+10 2+10 4=*1.0

61+20 168+1.5

AZE S A, & Zojx 037mm, F2 0.13
mmz. YePFTH(Table 2). 59 %377} ol 45
AL ZIMEkde HH 7Y A A £5
Z B 23" Fokon, ¢FY AL £FHG 7]
Roez ZAEeh S AE R {30 29 Holx
153-483 %0 252 HJF He|7b &7 8.75, 16.7,
22.99, 26.81 pm = elydtH(Table 3).

r:{o.l

P

42 7|7t
Table 4= 714 o) AADAE H87|7H-8 2K
Zolct. Adguf Aol A 71| 7|7k 2d = 2A}
S5l AR F 3UARE 35§38 %)
2 2% BT U9 13§32 pudes AU
13“]"315 BEHAUR 13 539 2871202 14,4
% 34 AASH invirrod| M 28 F o2 83
%mﬁl e 292 ek A £ 5705 330

2 o] o Ao 718 Sl vehde 3385
P87 292 2AEG 43 3L A’ F 5
Aol 23541719 FRse] vhebdth 4 A]7]%E
A7 AN Aztete Aes 2AS A4
7% oF 19 A Fein e W ek 0
7 A AR F S3elA 1193 vehdeh 43

o2 37| 7HA = Hu 1689 o] £85I
AF4Fol AlE o) gAY A AR
Table 2. Body size (mm) (Mean £ SD) of Tetrastichsus sp. reared on artificial host
Egg Larva Pupa Adult
Length Width 1st 2nd 3rd 4th Female Male Female Male
0.37x 013t 053t 1.32+ .68+ 223+ 1.86 & 149+ 170t 142+
0.07 0.04 0.08 0.23 0.38 0.42 0.36 0.16 0.15 0.13
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Xi&4=(Adult progeny/female)zt M| 3 49

AF £FNN S5 W W s, 4, gHlE
Table 59} 2t} Q1 W 7]olA] weslo] Salat 1
A (in vitro G1) S} A3 A7 |17He sid 259
oladx, A A ZRE AL F ApE 4(realized
fecundity)¥ 144712 FAFHQE. 24 S](in vitro G2)
71 e AR B 7.8dE zAbE e, A
IRA 3 F 47.70A19] 2pEg AAkste] 1F-&Fol
A 1A 71 e AR Al = 24 714
Wit £33 x}o]& Ve Ark(Ak )7k df =22, T=
5.028; RS df=22, T=6.073). <349 k7o) | &
2 in vitro GlollA 53.7%, 18] 3L in vitro G2 A=
76.9%% “eb sl ond, Abet7| 7Y, AbEe) g F7)
s Asre melch

in vitro G1, G204 77} 8.60, 13.7 4 & QJF&F
ol Al A g ZIAE - A7l oF 59 AHwe] Fg
g} x}o] & YelglvHdf =22, T=6.886).

o &
& 7R A SRR AEsA gk, 718
o ARHFES) BHE FY ATHTAN S,
g AR A8 A A gslmld
(Li, 1992; Smith, 1996). 121} W7ol 7|43k 7|
3991 AE ATEFA 4UE fuslel 5 52
oI A 438 9 Ate

REDELA 7401312134, oF 7o) Al
o] AFEFHY AU £ 4 5% ¢ 929
= e AT AFAEE B3 8 vl Qiok Brachy-
meria intermedia (Thompson, 1980; Dindo et al., 1997)
v} B. lasus (Thompson, 1983), Pimpla instigator (Awu-
itor et al. 1984)8] AFML £=TZo] A2ty &
odof wix|o] olAsted o F 7)4EO) 43 Aol

Agstd o, T pFole] ZH(B. lasus)2] Z$ole
AdEF SHEE e IYE F el e
2] 3t QlFAIEtSFol 7| ] AlghS frxshe], &

g dFARES] 7FsAle AAEE ¥} 9lvHLee and
Lee, 2000). ¥ AlZoA g0 2 Tetrastichus sp.&
QA FHd7)d] Al =S fx3le] AlgtelA A7)
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7} 8- A FoH, 24 de] ZA Z)APHE STl
A A ARgERed A SE -

Lee et al. (1999)2 B zAbo| Mg} Fd3t =& =p4

ol v B A2 ARSElel, 7)1 Y
YA Hejd, 4B B4 ekl nwg
uh Qlo] ABHFelN e AU FejzAzn
£ Lee et al (1999)9] B w9} vlwst A} Ad4F
o ARk de) e ATEFe) A B duc
gkort ol F 537), 471, 437] o DANME A
A&FolA L83 o] BT JFTEFolA L83t

AT 2 Ao it AdsTol At @ 2
o Relst %o 259 A4 A 9 Yucke
A& z7]gcTable 2). 22t 193-457k0) 3]
Aol ABHFIN AQEFAN 2AY AHuc
Hgkom, 529 2 He) o), Me71% 42e) =]
£ AQEFolA 3 AERe FE Qoz e
s

WR7|7EE Lee et al. (1999)9] 79} v w3l
2,439 W70 A7k A 2,2, 492 AFEF
o garslelon), 1993 8715 AedaelA el ¥
T A7 1,29 B LolA 293} AN
W87)7HE STl A 211, & =AM 168U =
139 AE ol valch QBEFINE B W
7128 ejolapel wiske] 7|4l 47b wY) gl
Aoz, AdEFdM e B2 71AHe] g N &5
A4 3D A3 Ba7I7] 1294 % ME Aoz
3 v} Ik

7+ %Z 3 (Encyrtidae) (Lee and Lee, 1994y} &+
3}e] Edovum puttleri (Laudonia and Viggiani, 1986;
Colazza and Bin, 1992) oA B3 3 AAH 7|44
2 29 3371 2een 439 792 28 Eol
Bol 77E Woh 39 WA wohbe e
2 Bog ALE FFHIAR B0z SR
A 52} sl 22el] sdal Al ulFHE B
of 3= Aoz YA Aok & ATANE JFEF
o 7HE B AL 44 22 & & dd &
ZAIMAF 258 27| BeRF] 279 vlE
3= AHEE Heln AFUNES 537 $l3te
243 4 ol Y 5oz ALRHY olF I
E W37] A% Fo 22 A7t AdF oo & 7
o|ct.

Lee and Lee (1997) o] &]3}d A Y7224 E <
F AR s Thel2E A= ¥ 4 FAE
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g el AM 2] 7| 'S 27 100% 9} 27.9%2] sA8
Aol & Hed JAFEFE 0|43 Aol o
2E A7) ul$ Fo3 Aoz vepdd B A
0|85l Tetrastichus sp. 7= Av] A A Flol=
24 A3 43 AFEFe HE Al RE 2
Arstgl ot Algte] A o] FofA|A] dshet. =3 m
=3B HY 7]l A o €h-8(99.9%) 2} hexane$
o] f3led F23 slo|2E-E AL o Axd
Abb) 5 uhg-o] FAE T A o] &1 JlolzE
2 2o A fEfE Ao FHdr] Bl =%
A& o AAEFAMAHE A4 714H e
&ZzLds = s el(Lee and Lee, 2000)8 Bl o, o
FaFol gk 7|8 &) oF 98%= ZU)stect. 23t
o] W7l =277 AM A3l FRE RS
A B opet AEE fx317] 9% Fte|2ES
A sz 4 £ e S 23 sl AL
G2

7IA FELE HE2I1EL AR £33 Alsbs
Az3, A =x o] adz Y9 AYz e
A AREoEs FHH o2 doA= HYPH T
a7t L8 9E& FoH(Vinson, 1978). AF5Fol
A £33 AES A dTEFe A AZE 9
AF5F 249 FFNA AgeFe] FItsle Aoz

A e TG B BANN ATETAA B
AR 1AY AP AL S RSN 241D
A5} B 94 A Aoz vehdeh elsh ol ol
2ozolA WY 2SS AR AHolr GAAA
o z7le] Fllshe Ao ARG %ol ATE
F 24Y FolA vlmA Z AES A AFEFol
A AR ARE @ At B Fherel gl
17 ARk AR WA Ak e g4
% 5 A9

3o @A|(HelzHe 7IAHY Z7|ef AT #
Bol A Aoz R Sl i A dg P
71 el Bl =2 (Pediobius foveolatus) (Jervis
and Copland, 1996)3} 571"l Coccygomimus
turionella (Sandlan, 1982)el|4] ®.11 ¥ v} gt} Tetra-
stichus sp.8] 27| = SF371¢ AT #Ho] UE
Aoz welth 2 Ayelr A48 bagformell & 27)
9] QdF&%F2 FAHNAEY o F Y AHY T
ApALFol Hdte] o 12K =9vh £ AA 5T
A gsloiels, 100744 ojAke} 7| o] $-313F 7
5 AFe P AR 2 Zle= BEE vt
A=t

IAY g wdt Ak YA A E e A
o2 B wh Qled, FREFH G 25 o

hebdekTable 5). 018} 7o) AabgolA 2AH %
&4 Z7he ARe) P YU Aol e
Aoz Ardd B4 o] ME FO AL
2 B. intermidia (Cardé and Lee, 1989), Nasonia vit-
ripennis (Smith and Cornell, 1979) SoA B 1% W}
ot 28y A= At =3 $85-FY APtES
¥Y 4 deo, F7] P EZ(gregarious parasitoid) ]
7% 4A & ofste] Argd w3 UEIRA L] SFA )
o 2)8F APHE-& Y 4 slvHLee and Lee, 1997).
Hehy AFEFE o4 AAEE APAHE)
AANE £5 WA 71EF) B8E Hz o
£ 4 ot s A4 HelPel BT A7 2
28 7ot

HAe] = AR 48 A AR[AE ol
7102 Peteromalus puparum (Takagi, 1985)¢} Tricho-
gramma nubilale (Olson and Andow, 1998) 2] A}
oM B3 ul 9lef. o]e} Fo] Z AL AL A
Hoh g2 2pES AR S 2 AM = #al
g 4 ATk A AHR AFEFAA 8T &
AL B A AdsFola DA 7 e

714 Diglyphus begini = 7\ A2 =7] ¥4t o=}
st Altekel] Aol AdBA ) Qe Aoz U
Al ZEo|k(Jervis and Copland, 1996). Q1-L%52] Ak
T A A7 Xpo]E Helid o] YA
50 Apolo] ol Aoz H3 HeKTable 5). 5 4
B3 AR7|zre] AW AFEF2A A 1A o
Moo WA we AE 47} 21FIc FEe
21.7Y(Lee et al., 199991 AHLFA] 315 7]
YEe QFEFIN S8 ABu} $ ADFE

B ARE $9} Suze BAE AT 4 A
o)slol 3] SHE 2ele] ARl F2T e )

Table 5. Life history traits (mean & SD) of Tetrastichus sp. fem-
ale adults reared on artificial hosts

Ovipositon No. Sex

Generations! n period progeny L(\),Iiltge' ratio
(days) per female Y (%)

Gl 10 25+14* 144479 8.610.70 53.7

G2 14 7.8%3.1b 457114.8° 13.81+2.3> 769

I First generation female progeny (G1) emerged from the artificial host
which was parasitized by in vivo-reared Tetrastichus sp; Adult females
(G2) produced by G1 on artificial hosts. Means followed by the same
letters in the same column are not significantly different (P =0.05; t-test).
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X|&= Ao =, Jervis and Copland (1996)-2 <=, <
o] A 22 AEH 23 2= - W] e} 3
F7] - g% T34 22 B2H 29l ol AR #
A Sl Aoz B3l v gl

& 2AlA S 1FEF A, 24 288 gAarsl
A9 Gl vl & 22 53.9%, 76.9% 2 Abd <ol
x12] 90.3%(Lee et al., 1999) 8.} okt W Eel| 23}
£ 71AEFAME e Blr) Aulel ek A=
Aoz oejx 9lckDeBach, 1974). £3] Awr]4=
Z(gregarious parasitoid)®] 7§ 22 &FolA -3}
g AL AteloA mu|7} olReiAme wu|E
g HA el 3, AT wr| Jp7t wobr e
48] gZo] fo}xlck(Hamilton, 1967). 21} 2 Al

oM A} $3 LA wrE F231917
wgel o] 89 Bue §F4 F77} 4FE HA
Rez wgeh V|44 HE &3 HAELS &5

9] =7 Aol uje}l zp=9] Au]S ZZ(sex alloca-
o3ty Age) PRFE w} AL SRR 23

<, 2 & SFelE 4R &€ ¥ A e
7oz ozl vh 9loiQuicke, 1997). B ZAfol A A
H AdE5F] of 144 JFEF] AHE zH,

Ag&FolA ol e o] Y& Zeow 7
ek, hert 459 =7l Ha AlRbbe A9

378} Adu)e] gAlst ARRAE wdl
& Aok 1 ojefell = §HA Az At 4
o), o) ] 2o AR AR B
LA 27) 5 o2l 29lel An) Aol et

ez #zAFE vl QlvKFlanagan et al., 1998).

o wm HHZY YR ZAPE-E ARG FAe 3
$o] Az Idiobiont #-FE deixl HEC|H o
23 HEL &5 E°]’“ o] A3tA| ¢ho} vlwH &F
HHA7E yow §3 7] vl wE §F w87
7kt A% ol 71 EAle] alvkQuicke, 1997). o<
o] Tetrastichus 42 43232 o, -3 HY7), ¢
3, A3 7S] SRR Y BAE TANE A
A BAS zk3 §)cKSharma er al., 1965). Tetras-
tichus sp.= 1'del] of2] Wl *HAlsl= Wd7] 7]da
A, 1R SFAM A2 slelsl Bagth 2 2k
A vebhd A wzA S A1, 2 Aleleke
2o Hozd vimd QAT Hroz ozl
Pssted 47 ARSI AHsid A WA
€ 4 9ok Weba clAR Aud B4 48
WA ez AT of2) el YA B8 7

53]
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