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Fecundity of Tetrastichus septentrionalis and effects of
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Abstract [Objectives] To improve the captive breeding of the wasp Tetrastichus septentrionalis, an important parasitic,
biological control of Hyphantria cunea, by identifying the best hosts for the captive propagation of this species. [Methods| The

structure of the reproductive system and fecundity of adult female 7. septentrionalis were studied by dissection. The effects of four
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different host species; H. cunea, Antherea pernyi, Tenebrio molitor and Zophobas atratus on the parasitism rate, eclosion rate,
number of progeny per gram of host pupa, sex ratio and offspring body size of T. septentrionalis, were compared. [Results] The
female reproductive system consists of a pair of symmetrical ovaries, a pair of lateral oviducts, a common oviduct, an accessory
gland, a spermatheca, a Dufour gland, venom reservoir and a venom glands. There are 10-12 ovarian tubes per female, and the
number of eggs contained in each ovariole ranged from 3 to 8. Theoretically, the maximum number of eggs in each female ovary
could reach 192 (there are 12 ovarioles in both the left and right ovaries and the number of eggs in each was 8). However, the
maximum number of eggs actually observed was 145, and the mean number of eggs per female was 106. The optimal
parasitoid-host ratios for 7. septentrionalis were: 3 : 1 for H. cunea, 100 : 1 for A. pernyi pupae, 3 : 1 for Tmolitor pupae and
20 : 1 for Z. atratus. The parasitism rate of T molitor pupae and H. cunea pupae was significantly higher than that of A. pernyi
and Z. atratus pupae. After five captive-bred generations, the highest parasitism rate (98.27%) was recorded in 7. molitor pupae.
The emergence rate of T. septentrionalis from T. molitor, H. cunea and A. pernyi pupae was > 97%. The highest 7. septentrionalis
emergence rate (98.26%) was also recorded in 7. molitor pupae. The number of female wasps per gram of pupa was highest for 4.
pernyi (1 333), followed by 7. molitor (781), and lowest for Z. atratus (217). The female: male sex ratio of 7. septentrionalis was
highest for 7. molitor (7.65 : 1), followed by Z. atratus (6.64 : 1), and lowest for Z. atratus (4.69 : 1). [Conclusion] Although 7.
septentrionalis can successfully parasitize all four species of host pupae, Z. atratus pupae were significantly less suitable than

those of the other three species. Host pupae should be chosen according to the demands of scientific research, the scale of

production, and cost.

Key words Tetrastichus septentrionalis; reproductive system,; alternative-host; rearing; parasitoid-host ratios
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SIEE (k) <100,
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Fig. 1 Morphology of internal female genitalia of Tetrastichus septentrionalis

ov: B eg: UIAIMY; og: HuONETMIR; sp: S2AHHE; sg: ZHEHEM;
ps: W4; pg: FM; nu: BEIK; dg, FICHR.
ov: Ovarioles; eg: Egg; og: Oviductusg gland; sp: Spermatotheca; sg: Spermatotheca gland;
ps: Poison sac; pg: Poison gland; nu: Nutrients; dg: Dufour gland.
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Tablel Number of ovarian tubesand egg grains of Tetrastichus septentrionalis

7 A7 B HLH B L G5 Bk 7 A7 B HLA B 5L B 5555 AL
R EHC () B CRL) B A EHC () B CRL)
No Numbpr of ovarian Total numbf:r of No. Numbpr of ovarian Total numbgr of
tubes in the left and eggs contained tubes in the left and eggs contained

right ovaries in the ovary right ovaries in the ovary
1 10 : 10 115 16 10 : 10 94
2 10 : 10 90 17 11:10 112
3 10 : 10 93 18 11:10 104
4 12:10 96 19 12 : 11 102
5 10 : 12 106 20 12:10 98
6 11:12 106 21 10 : 12 113
7 10 : 10 95 22 12:10 108
8 10 : 10 88 23 12 :10 124
9 11:10 104 24 12 :12 145
10 10 : 11 97 25 12 : 11 132
11 11:10 106 26 12:12 127
12 12:12 113 27 10 : 12 116
13 12 :10 110 28 10 - 11 96
14 10 : 10 97 29 10 - 11 116
15 12 : 11 105 30 10 : 10 98

—— e P74 S 2 TR
Total number of eggs . The average number of egg 106.87
particles per female bee head
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Wi A 2, AR ) e i 0 0 L I T v
P MR 51 B, FAEREE, Ak
100%; ¥k EDIEREIEEL Y 301 f1 411
A, A 4 T e L 5 AT B L R 1
HATFEWA TP EREAEEFEE (P <
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Jr ARl e A e 4T ot e s L 184 v /N 2 2 )
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5 ANTEAT, U I e MERE R R AR, RIUEE
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s (16350 3% ) 5 JEfQHE . HEMELLTE 50 ¢
1R (813 :1), 80 : 11t/ (7.46:1) ,
H580:1/1100: 1 Z5KEHE (P<0.01) ;
JEARHE | e YE AR R, RIAFEIX 3 i
PR, R A I R AR G /N SR RN
AREES (K3) . ZEFENNE. P
B B WA B L R QA
P AN 5 AR e AR K 5 T bR, RN AR
Al T e R/ NI 100 1 1 A B
Fb g



3 TR PRI/ INE A5 ) SR S B RO - 877 -
F2 AEHEFIEX = E R BIFSEENRNZMm
Table2 Comparison of the effect of Hyphantria cunea pupae breeding Tetrastichus septentrionalis
under different parasitoid-host ratios
, . . B E WA . S A e e
B L AR (%) PREEIM (4 oy R £ﬁ< )
Parasitoid-host Parasitism Mean development - - Offspring mm
ratios rate (%) duration (d) Averagg number of sex ratio Offsprmg Sex
offspring (ind.) ratio (mm)
1:1 56.67+5.77°C 28.65+1.27** 55.29+12.27% 7.32% 01.8-2.3
31.2-1.5
2:1 66.67+5.77° 27.50+1.14%8 67.30+8.96°C 6.84°8 ?1.8-2.3
31.2-1.5
3:1 83.33+5.77°% 26.52+0.50°C 92.68+14.33"8 6.42C 01.6-2.3
31.1-1.3
4:1 80.00+10.00°8 26.45+0.50°C 107.39+18.06* 6.129P 21.6-2.0
31.1-1.3
5:1 100 27.73+1.31°® 98.5249.547°AB 5.56 ?1.6-1.8
30.9-1.3

Ferh a3 B E A R RNG FREFROR 22 5 0 (P <0.05, Z8E R Duncan [CHTE W20k, RAMHMLE
FLBCRH A ), RPIF — SIS ARRIRE F R 2 50 8% (P <0.01, ZEIHRA Duncan [CHT &K %
B, MM Z E BRI fly ) o FRR.

Data with different lowercase letters in the same column indicate significant differences at 0.05 level by Duncan's new

multiple range test, and y° test is used only for multiple comparison of sex ratio. while with different capital letters in the
same column indicate extremely significant differences at 0.01 level by Duncan's new multiple range test, and y* test is used
for multiple comparison of sex ratio. The same below.

R 3 AEEEE L R R IR E R R AR

Table3 Comparison of the effect of Antherea pernyi pupae breeding Tetrastichus septentrionalis
under different parasitoid-host ratios

faAN2 T Sy > it
. . B 3 0 9 F R Je A A e
SEIEL FAERIE (o) PREEEM (0, 0T R
Parasitoid-host Parasitism Mean development H = Offspring )
ratios rate (%) duration (d) Average number sex ratio Offspring sex
of offspring (ind.) ratio (mm)
501 46.67+11.54%8 27.34+1.67* 10 827.00+1 088.55° 8.13% Q1.8-2.3
41.2-1.5
80 : 1 73.33423.09%°A8 26.64+2.06 13 265.73+1 169.86° 7.46°C Q01.8-2.3
41.2-1.5
100 : 1 86.67+11.55 27.38+2.18 %4 16 350.46+1 159.35° 7.72%8 Q01.8-2.3
41.2-1.5

223 EMHENREEEE
BREF I, A A )R B LG iR, 24
WU LA B B 3 0 1 BF, AR RAR T A
100%; “F¥I kB DIWIEREIRL Y 301 F1 41
R, e 2 T e 5 AN T B L AR 1

LB A A o

A A MR AF 2R OB 22 7 2, IR L
51 BN R TR S AR B (108
3 ) s JEACHE HEMEECAE 1 1 IHReR (7,76 1 1),
501 W/ (543 0 1) 5 JaAUME., MEREARHT
W 3 0 LS Il s (3 4) o R A AR
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224 XEHRFEMRITEESE DRI RER
E v SO 2 B S S T TR |
BEEE L 20 ¢ 1 B, AFAERIA 73.33%; Pk
BIBIEREER Ly 15 0 1A 20 ¢ 1 B, A S B
FHABME I 5 AR TRIMEI FE AT, A4S 2 T2 0

R EZE S BE, MBI 20 @1
B, RS AF 0T e AR R (182 3k ) 5
JEACHE . HEME LR REIE L 10 ¢ 1 B EROR (541 ¢
1), 15: 1 Bffe/ (4.52 1) 5 JEfCHE. A
A T e i O s (S) o SRR
B PR I B A AR
o R ACHEREYE RS UM R 5 A8
b, FEUCAE I R 32 H 27 11 0k DA /N e i
i 20 @ 1 AR L ET TR

R4 RN[E)HEE bE X E ) PR A B R R A S
Table4 Comparison of the effect of Tenebrio molitor pupae breeding Tetrastichus septentrionalis
under different parasitoid-host ratios

WHIC R (6) FERR (0 R gy SRR
Parasitqid-host Parasitism Mean deyelopment Zvera ;Enumber Offspripg Offsori
ratios rate (%) duration (d) of offs §ring (ind.) sex ratio ratsiIZ)rl(r;r%nSl;X
1:1 66.33+5.77°¢ 26.79+1.87*A 54.26+11.83%8 7.76* Q01.8-2.3
31.2-1.5
2:1 83.33+11.54"8 25.9241.55% 64.72+15.0°" 6.47°8 1.8-2.3
31.2-1.5
3:1 100** 22.87+1.07°¢ 101.53+19.20* 5.979 Q1.6-2.3
31.1-1.3
4:1 100°4 22.57+1.07°¢ 98.23+13.40% 6.17°C Q1.6-2.0
31.1-1.3
5:1 100°* 24.10+1.71%8 108.47+19.05* 5.43E Q1.6-1.8
30.9-1.3

R 5 A[EEEUEH L XK & B AE E R SR B R0
Table5 Comparison of the effect of Zophobas atratus pupae breeding Tetrastichus septentrionalis
under different parasitoid-host ratios

. b s RSB W S - S AR e e
1 i L FHERZE (%) TFHEEH (d) o < Je A LY 9"
o s Y8 (k) . &K (mm)
Parasitoid-host Parasitism Mean development A b Offspring .
ratios rate (%) duration (d) verage number sex ratio Offsp rng
of offspring (ind.) sex ratio (mm)
?1.8-2.3
5:1 44.67+30.55°C 32.57+1.98 82.57+13.30°¢ 5.32%8
31.2-1.5
. 01.8-2.3
101 44.67+11.54C 32.714£1.25% 96.14+15.72°¢ 5.41%4
31.2-1.5
21.6-2.3
15:1 60.00+20.00 °8 28.67+1.22%8 156.33+12.47°8 4,529
31.1-1.3
?1.6-2.3
20: 1 73.33+11.54* 28.40+1.77%8 182.20+11.90*4 4,56

41.1-1.3
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23 AMFIHEETHBREM/IMES R ILE
4 Fhay FaZEs N T25H F R

WA 5 AN, A AR BIER . Bl
SR | MERREPE LE 4 TR BRI E F SR AR i
FUERUR (R 6) .

F6 AEEEIFEXT 4 FEF EFHEEIROIN

Table6 A comparison of the effectiveness of four types of host pupae for breeding Tetrastichus septentrionalis

N N S 30T
3 GEN ) ey | -
e TRRCUR e N PR (%) R (%) ML
2F 0 Sample o (g) (%) . .
Host pupae number Host £ . Eclosion Number of adults ~ Offspring
pupae o Parasitism rate (%) per gram of pupac  S€X ratio
ind. ; o
(ind.) average weight (g) rate (%) (ind.)
b B 0 90 0.16+0.01 98.27+3.34% 98.26+1.86*  781.07+152.63"®  6.64%8
Tenebrio molitor
26 [ 1 I 90 0.13+0.04 86.67+6.67°AB  97.67+1.98**  737.67+49.88°" 6.27°¢
Hyphantria cunea
Ve Zo i 30 11.15%1.33 83.33+11.55"8C  97.33+1.88**  1333.85+234.69** 7.65*
Antherea pernyi
e 22 i 90 0.85+0.07 66.67£11.55¢ 82.2248.16™  217.44+29.72°¢ 4.69%°

Zophobas atratus

TG4 SR, Bk H R 5E [ b A A
B )R R TR AR AN R i, Hed DL Ry
HH I 0 2 2 R ) e e i (98.27% ) 5 BRI
5% ] A i M RD R 7 0 1 SR AL R B KT 97%, Hirp
LR I A5 79 (98.26%) 5 4 o i S e A i
i (1333 3%) , #EkyHERHK (781 %)
R HREAG (217 3% ) 5 MERFEE: HOAE A 0 15 e
(7.65:1) , HRHHEHIK (6.64:1) , K&
M EA (4.69 2 1) o AT UL, 4 Fhitiatad 25 35 i
HIHE 58 BT kPR /N P AR AR AR 5 255
AR PR g I S e R A L
4 THFEFRINE L5, BRRCEZE B AR AN BEAR
ZAh, FAh 3 e AR, HEARINER
LEN

3 HFHit5ig

P gk SRR /N T T DN R A A A e, M N
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