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Fig. 1. Percent emergence and length of the pupal
stage (including storage duration) of
Hemiptarsenus varicornis at 25  after pupae
had been stored at 8 or 10  for 0 to 9 weeks.
Regression lines drawn for relationships
where p < 0.05. 
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Table 1. Percent emergence and length of the pupal stage ( x ± SE) of Hemiptarsenus varicornis at 25  after pupae 

had been stored at 8 and 10  for 0 to 9 weeks 

Percent emergence Length of pupal stage at 10  (d) Duration of 
 storage (wk) 8  10  Storage duration included Storage duration excluded 

     1   73.4 ± 2.2Bb 1) 98.7 ±  1.3Aa 12.6 ± 0.1h 5.6 ± 0.1a 

     2   71.2 ± 1.4Bb 91.7 ±  4.4Aa     19.2 ± 0.1g 5.2 ± 0.1a 

     3   40.4 ± 2.5Bc 99.0 ±  1.0Aa     26.0 ± 0.4f 5.2 ± 0.2a 

     4   35.9 ± 1.9Bc 97.6 ±  2.4Aa     32.3 ± 0.2e 5.3 ± 0.2a 

     5        - 92.3 ±  1.9a     40.3 ± 0.1d 5.3 ± 0.1a 

     6        - 69.1 ±  4.7b     47.0 ± 0.1c 5.0 ± 0.1a 

     8        - 23.8 ± 11.4c     61.2 ± 0.3b 5.2 ± 0.3a 

     9        - 10.0 ±  6.9c     66.8 ± 0.3a 3.8 ± 0.3b 

  Control   96.0 ± 0.5Aa 96.0 ±  0.5Aa      5.2 ± 0.1i 5.2 ± 0.1a 
1) Means within each row followed by the same uppercase letter are not significantly different at p 0.05 (t-test). 

Means within each column followed by the same lowercase letter are not significantly different at p  0.05 
(LSD). Percentages of emergence were transformed to arcsine x  prior to the ANOVA test. 
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Fig. 2. Longevity, fertility, and host-killing capability of Hemiptarsenus varicornis adults at 25  after pupae had been

stored at 10  for 0 to 8 weeks. Regression lines drawn for relationships where p < 0.05. 
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Table 2. Longevity, fertility, and host-killing capability ( x ± SE) of Hemiptarsenus varicornis adults at 25  after pupae 

had been stored at 10  for 0 to 8 weeks  

Longevity (d) No. progeny produced/♀ No. hosts killed/♀ Duration 
of storage 

(wk) 
n 

Female Male No. of adult 
emerged 

Proportion 
of female 

Parasitized 
(A) 

Feeding 
(B) 

Total A/B 

1 20 25 ± 1b1) 19 ± 1bc   72 ±  8bc 0.54 ± 0.04ab  85 ±  8bc 140 ± 11bc 225 ± 17b 0.59 ± 0.03b 
3  6 36 ± 3a 22 ± 2ab   90 ±  9b 0.46 ± 0.04b 104 ± 10b 173 ± 13b 277 ± 19b 0.60 ± 0.04b 
4  7 36 ± 2a 25 ± 2a   67 ± 15bc 0.55 ± 0.05ab  84 ± 17bcd 167 ± 21b 252 ± 30b 0.51 ± 0.06bc 
6 6 15 ± 1c 6 ± 2d   52 ±  5bc 0.57 ± 0.03ab  54 ±  5cd 135 ± 21bc 190 ± 25c 0.43 ± 0.05c 
8  4 13 ± 2c 4 ± 3d   32 ±  9c 0.09 ± 0.07c  33 ±  8d 80 ± 17c 112 ± 23c 0.41 ± 0.06c 

Control 11 22 ± 2b 15 ± 1c  204 ± 22a 0.62 ± 0.02a 210 ± 19a 287 ± 21a 497 ± 38a 0.73 ± 0.04a 
1) Means within each column followed by the same letter are not significantly different at p  0.05 (LSD).  
 

 

 
Fig. 3. Relationship between temperature and longevity of Hemiptarsenus varicornis fed with honey. Regression 

lines drawn for relationships where p < 0.05. 
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Fig. 4. Relationship between temperature and daily 

survival rates of adult Hemiptarsenus 
varicornis fed with honey. 
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 25   
Fig. 5. Longevity, fertility, and host-killing capability of female Hemiptarsenus varicornis at 25  after females had 

been stored and isolated from the hosts for various durations at 2 temperature regimes. Regression lines 
drawn for relationships where p < 0.05. 



   17 

)  25  

 ( )  

 

 
 

 

 10   1 5 

 1 4 

 44.3 54.7%  55.9

67.2%

 10   1 4  10  

 6 8  

22.5 38.2%  

 

 

 15  

 15   10 

 

15   20 30  25   10

15 

 39.2 43.6%  31.4

33.3%

 15   10 

 15   20 30  

25   10 15  

(bioinsecticide) 

25    
Table 3. Longevity, fertility, and host-killing capability ( x ± SE) of female Hemiptarsenus varicornis at 25  after 

females had been stored and isolated from the hosts for various durations at 2 temperature regimes  

No. progeny produced/♀ No. hosts killed/♀ Duration 
of storage 

(d) 
n 

Longevity 
(d) No. of adult 

emerged 
Proportion 
of female 

Parasitized 
(A) 

Feeding 
(B) 

Total A/B 

15          
    10  6 34 ± 2cd1)  186 ± 18ab 0.60 ± 0.02b 190 ± 18ab 355 ± 32a 545 ± 43a 0.55 ± 0.05bc 
    20  4 40 ± 2c  124 ± 25bc 0.70 ± 0.03a 131 ± 24bc 263 ± 29ab 394 ± 36bcd 0.53 ± 0.12bc 
    30  4 50 ± 2b  115 ±  8cd 0.70 ± 0.04ab 119 ±  8cd 290 ±  6ab 409 ±  8abcd 0.41 ± 0.03cd 
    40  5 62 ± 5a   53 ± 20d 0.64 ± 0.06ab  56 ± 21d 218 ± 52b 274 ± 67d 0.27 ± 0.08d 
25          
    10  7 29 ± 1d  136 ±  9bc 0.66 ± 0.03ab 140 ± 10bc 237 ± 27b 377 ± 26cd 0.65 ± 0.09ab 
    15  5 38 ± 1c  140 ± 18bc 0.63 ± 0.03ab 141 ± 19bc 274 ± 30ab 415 ± 17abc 0.51 ± 0.04bc 
 Control 11 22 ± 2e

 
 204 ± 22a 0.62 ± 0.02ab 210 ± 19a 287 ± 21ab 497 ± 38ab 0.73 ± 0.04a 

1) Means within each column followed by the same letter are not significantly different at p  0.05 (LSD). 
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Fig. 6. Daily oviposition and host-feeding patterns of female Hemiptarsenus varicornis after females had been stored

and isolated from the hosts for various durations at 2 temperature regimes. 



   19 

  10 30  10 15 

 15   

40  10   1 4 

 

 

 

Price (1974) 

 (proovigenic) 

 (synovigenic) 

 (oosorption) Bell 

and Bohm (1975) 

 

(synchronism)

 (Chien and Ku, 

2001b; Chien et al., 2004)

 15  

 10 

 15  25  

 20 30  10 15 

 56.4 68.6%  

15   40 

 26.0%

 

 

 
 

 83 

-1.3 - -24 (13) 

 

 

 
 

Bell, W. J., and M. K. Bohm. 1975. 

Oosorption insects. Biol. Rev. 50: 373- 

396. 

Boucek, Z. 1988. Australasian Chalcidoidea 

(Hymenoptera). C.A.B. International, 

London. 832 pp. 

Chien, C. C., S. C. Chang, and S. C. Ku. 
2004. Influence of temperature on both 

population increase and host-killing 

capability of Hemiptarsenus varicornis 

(Hymenoptera: Eulophidae). Formosan 

Entomol. 24: 91-105 (in Chinese). 

Chien, C. C., and S. C. Ku. 1996. 

Morphology, life history and repro- 

ductive ability of Liriomyza trifolii. J. 

Agric. Res. China 45: 69-88 (in 

Chinese). 

Chien, C. C., and S. C. Ku. 1998. The 

occurrence of Liriomyza trifolii and its 

parasitoids on fields of Gerbera 

jamesonii. Chinese J. Entomol. 18: 

187-197 (in Chinese). 

Chien, C. C., and S. C. Ku. 2001a. Instar 

preference of five species of parasi- 

toids of Liriomyza trifolii (Hymenop- 



 20  

tera: Eulophidae, Braconidae). For- 

mosan Entomol. 21: 89-97 (in Chinese). 

Chien, C. C., and S. C. Ku. 2001b. Appear- 

ance and life history of Hemiptarsenus 

varicornis (Hymenoptera: Eulophidae). 

Formosan Entomol. 21: 247-255 (in 

Chinese). 

Chien, C. C., and S. C. Ku. 2002. Intras- 

pecific competition of two species of 

parasitoids (Hymenoptera: Eulophidae) 

of Liriomyza trifolii (Diptera: Agro- 

myzidae). Formosan Entomol. 22: 

279-290 (in Chinese). 

Del, B. G. 1989. Natural enemies of 

Liriomyza trifolii (Burgess), Chroma- 

tomyia horticola (Goureau) and Chroma- 

tomyia syngenesiae Hardy (Diptera: 

Agromyzidae) in Tuscany. Redia 72: 

529-544. 

Kerrich, G. J. 1968. Systematic studies on 

Eulophid parasites (Hymenoptera: 

Chalcidoidea), mostly of coffee leaf- 

miners in Africa. Bull. Entomol. Res. 

59: 195-228. 

Lee, H. S. 1990. Differences in injury of 

Liriomyza bryoniae (Kalt) on crops and 

the influence of host plants to the 

parasitoids. Chinese J. Entomol. 10: 

409-418 (in Chinese).  

Lin, F. C., and C. L. Wang. 1992. The 

occurrence of parasitoids of Liriomyza 

trifolii (Burgess) in Taiwan. Chinese J. 

Entomol. 12: 247-257 (in Chinese). 

Minkenberg, O. P. J. M., and J. C. van 
Lenteren. 1986. The leafminers Lirio- 

myza bryoniae and L. trifolii (Diptera: 

Agromyzidae), their parasites and host 

plants: a review. Agric. Univ. Wage- 

ningen Papers. 86-2. 50 pp. 

Murphy, S. T., and J. LaSalle. 1999. 

Balancing biological control strate- 

gies in the IPM of New World inva- 

sive Liriomyza leafminers in field 

vegetable crops. Biocontrol News Info. 

20: 91-104. 

Neter, J., and W. Wasserman. 1974. 

Applied linear statistical models. Vol. 

I. Regression. pp. 291-292. Richard D. 

Irwin, London. 842 pp. 

Price, P. W. 1974. Strategies for egg 

production. Evolution 28: 76-84. 

Zeng, L., W. Zhang, and J. Wu. 1999. 

Preliminary studies on the parasi- 

toids of Liriomyza sativae (Blanchard) 

(Diptera: Agromyzidae) in Guangdong. 

Nat. Enemies Insects 21(3): 113-116. 

 

2004 12 4  
2005 3 15  



   21 

Study of the Storage and Oviposition-Regulating Capability of 
Hemiptarsenus varicornis (Hymenoptera: Eulophidae) 
 
Ching-Chin Chien*, Shiu-Chih Ku, and Shu-Chen Chang 

Department of Applied Zoology, Taiwan Agricultural Research Institute, Council of Agriculture, Wufeng, Taichung 413, Taiwan, R.O.C.

ABSTRACT 

  In this study, we investigated the suitable life stages and conditions for 
storage of the wasp, Hemiptarsenus varicornis (Girault). The wasp’s oviposition- 
regulating capability after storage was also determined. Results showed that 
there was a significant difference in the percent emergence between 1-day-old 
pupae stored at 8℃ for 1-2 weeks (% emergence = 71.2-73.4%) and the control (% 
emergence = 96%). However, the percent emergence did not decrease if the 
1-day-old pupae were stored at 10℃ for 1-5 weeks. Emerged from the pupae 
previously stored at 10℃ for 1-4 weeks, and followed by rearing at 25℃ with 
honey and host (Liriomyza trifolii (Burgess)), the wasps were not affected by the 
storage conditions in their adult longevity in both sexes and offspring sex ratio. 
However, the wasp’s host-killing capability and offspring production decreased 
by 44.3-54.7% and 55.9-69.2%, respectively, compared to those of the control. 
Adults were fed only with honey at between 15 and 30℃ for various time 
periods for the study of storage conditions. It was found that mean adult 
longevity was the highest under the 15℃ storage conditions with the female 
and male longevity of 44.7 and 42.3 days, respectively. In addition, the survival 
rate still reached 80% after the female and male had been stored for 38 and 37 
days, respectively. After the end of the storage periods, wasps were kept at 25
℃ with both honey and hosts to evaluate their capability of host-killing and 
offspring production. The results revealed that the host-killing capability and 
fertility of the wasps were not influenced after the adults had been stored at 15
℃ for 10 days. Although adult longevity, host-killing capability, and female 
progeny proportion were not affected, the total offspring production decreased 
significantly after adult wasps had been stored at 15℃ for 20-30 days or 25℃ 
for 10-15 days. Maintaining a high fertility of the wasp is essential to rearing 
H. varicornis for mass production. For this purpose, suitable conditions to store 
the colony according to priority are (1) female wasps at 15℃ for 10 days, (2) 
female wasps at 15℃ for 20-30 days or 25℃ for 10-15 days and (3) 1-day-old 
pupae at 10℃ for 1-4 weeks. With the field release of H. varicornis as a 
bioinsecticide, the primary concern is the host-killing capability of the wasp. As 
such, the storage conditions can be less restrictive as (1) female wasps at 15
℃ for 10-30 days or 25℃ for 10-15 days, and (2) female wasps at 15℃ for 40 
days or 1-day-old pupae at 10℃ for 1-4 weeks. Female wasp has an ability to 
self-regulate oviposition in response to different storage conditions. Under the 
storage conditions at 15℃ for 10 days, female H. varicornis shows a comparable 
daily oviposition pattern to that of the control. Although the oviposition 
schedules and the occurrence and persistence of the peak oviposition period were 
similar to the control under other storage conditions, the number of daily eggs 
laid by the wasp at its peak oviposition period was lower than that of the 
control. 
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