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Table 1. Rate of survival of immature stages of Hemiptarsenus varicornis at various constant temperatures 

Percent survival ( x ± SE)1) 
Temp. ( ) 

Egg Larva Prepupa Pupa Egg-adult 
10 0 - - - 0 
15 98.9 ± 1.1 100 100 91.9 ± 4.2 90.9 ± 5.0 
20 97.3 ± 1.4 98.6 ± 1.4 100 100 95.9 ± 2.3 
25 100 100 100 96.0 ± 0.5 96.0 ± 0.5 
30 100 99.1 ± 0.9 100 97.1 ± 1.1 96.3 ± 2.3 
35 95.9 ± 0.5 100 100 100 95.9 ± 0.5 

1) With 25-35 eggs per treatment, three-five replicates. 
 
 

 
Table 2. Duration days of immature stages of Hemiptarsenus varicornis at various constant temperatures 

Egg  Larva  Prepupa  Pupa  Egg-adult Temp. 
 n x ± SE  n x ± SE  n x ± SE  n x ± SE  n x ± SE 

15 33 4.6 ± 0.1  31 15.2 ± 0.3  31 2.5 ± 0.3  30 32.7 ± 0.6  30 54.0 ± 0.3 
20 20 2.1 ± 0.0  20 6.9 ± 0.1  17 1.1 ± 0.2  17 10.5 ± 0.2  17 20.6 ± 0.2 
25 42 1.1 ± 0.0  40 4.1 ± 0.1  37 0.7 ± 0.0  37 5.2 ± 0.1  37 11.1 ± 0.1 
30 39 0.8 ± 0.0  39 2.4 ± 0.0  39 0.4 ± 0.1  39 4.1 ± 0.0  36 7.7 ± 0.1 
35 21 0.7 ± 0.0  21 2.1 ± 0.0  20 0.4 ± 0.0  20 3.8 ± 0.1  20 7.0 ± 0.1 



   95 

 (y^= − 0.004x2 + 

0.1989x − 1.7514, R2 = 0.4873) 15

35 20 30  0.3:1

 0.6 0.7:1 24.9℃

0.72:1  

(y^= −0.0053x2 + 0.2527x − 2.2995, R2 = 

0.7937) 15 20 30 35

0.44 0.62 0.64

0 23.8 0.71  

 

25

30 35 40

50 21

20 12

611 651

234 245

376 406

0.6:1 0.7:1

0.58 0.63 ( )

35

15 30 35

15 35

15 20 30 35

15 35℃

 ( )  

 

 

15 20 35℃

9 3 5

25℃

30 35℃ 1 2

15 20 25 30℃

0.2 1.4 3.5 0.1

25℃ 18

7.9 14.2 15 20

30℃

7 9 5

0.6 1.8 3.8 5.8 5.9 9.1

25℃

30 35℃

 
Table 3. Lower developmental thresholds ( ) and degree-day requirements ( -days) for immature stages of 

Hemiptarsenus varicornis 

Linear regression Stage 

a b R2 

Low developmental threshold1) 
( x ± SE) 

Degree-days1) 

( x ± SE) 

Egg - 0.739 0.0638 0.9856 11.61 ± 0.52 16 ± 1 
Larva - 0.28 0.022 0.9727 12.67 ± 0.62 46 ± 4 
Prepupa - 1.347 0.1158 0.9439 11.64 ± 1.63 9 ± 1 
Pupa - 0.136 0.012 0.9544 11.56 ± 0.92 81 ± 10 
Egg to Adult - 0.074 0.0064 0.9734 11.97 ± 0.61 152 ± 13 

1) Estimated according to Campbell et al. (1974). 
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Fig. 1. Relationship between temperature and number of hosts killed by Hemiptarsenus varicornis and its female

progeny ratio. 
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Table 4. Longevity, host-killing capability, and female progeny ratio of Hemiptarsenus varicornis at various 
temperatures1,2) 

Longevity (d)  No. hosts killed/♀ Temp. 
( ) 

n 
Female Male  

Parasitized 
(A) 

Host- feeding 
(B) 

Total A/B 
Female progeny 
ratio (♀/(♀ + ♂)) 

15  5 15 ± 2c 9 ± 1b  9 ± 1bc 30 ± 7de 39 ± 7de 0.3 ± 0.1b 0.44 ± 0.03b 
20  5 17 ± 3bc 11 ± 1ab  56 ± 10bc 99 ± 18cd 154 ± 27cd 0.6 ± 0.1a 0.64 ± 0.02a 
25 11 22 ± 2a 14 ± 1a  210 ± 19a 287 ± 21b 497 ± 38b 0.7 ± 0.0a 0.62 ± 0.02a 
30 12 13 ± 1c 9 ± 1b  57 ± 7b 103 ± 14c 160 ± 19c 0.6 ± 0.1a 0.64 ± 0.04a 
35 12 8 ± 1d 7 ± 1c  10 ± 3c 30 ± 4e 40 ± 7e 0.3 ± 0.1b 0.00 ± 0.00c 

25-303) 10 21 ± 2ab 12 ± 1a  235 ± 26a 376 ± 36a 611 ± 58a 0.6 ± 0.1a 0.58 ± 0.04a 
25-353)  5 20 ± 1abc 13 ± 1a  245 ± 39a 406 ± 16a 651 ± 35a 0.7 ± 0.1a 0.63 ± 0.01a 

1) One pair of adults was provided with 40-50 third-instar larvae of Liriomyza trifolii daily and reared at a 
given temperature with photoperiod of 14:10 (L:D) and 65-85% RH. 

2) Means ( x ± SE) in each column followed by the same letter are not significantly different at 5% level by 
LSD. 

3) Reared and emerged at 25 , then transferred to 30 or 35  for the parasitism and feeding tests. 
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Fig. 2. Daily parasitization and host feeding patterns of Hemiptarsenus varicornis at various temperatures (25-30  

and 25-35  is wasps reared at 25  during the immature stage and then transferred to 30 or 35  for the 
parasitism and feeding tests). 
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Table 5. Population parameters of Hemiptarsenus varicornis at various constant temperatures 

Temp. ( ) r1) λ1) Ro1) Τ1) 
15 0.0212 1.0214 4 59.45 
20 0.1287 1.1374 34 27.49 
25 0.2337 1.2633 121 20.52 
30 0.2733 1.3142 30 12.47 
35 - - 0 - 

1) r, intrinsic rate of increase (d-1); λ, finite rate of increase (d-1); Ro, net reproduction rate (female wasps /♀); T, 
mean generation time (d). 
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 (mx)  (vx= lxmx)  (lx)  
Fig. 3. Age-specific fecundity rate (mx), distribution of net maternity value (vx = lxmx), and survival rate (lx) 

of Hemiptarsenus varicornis at various constant temperatures. 
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Fig. 4. Relationship between temperature and longevity of Hemiptarsenus varicornis provided with either honey or 

honey plus larvae of Liriomyza trifolii. 
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Influence of Temperature on Both Population Increase and 
Host-killing Capability of Hemiptarsenus varicornis 
(Hymenoptera: Eulophidae) 
 
Ching-Chin Chien* and Shu-Chen Chang Department of Applied Zoology, Taiwan Agricultural Research Institute, Council

of Agriculture, Wufeng, Taichung 413, Taiwan 

Shiu-Chih Ku Department of Zoology, National Museum of Natural Science, Taichung 404, Taiwan 

ABSTRACT 

  The ifluence of temperature on both population increase and host-killing 
capability of Hemiptarsenus varicornis (Girault) was studied at 10, 15, 20, 25, 
30, and 35 . H. varicornis completed their development between 15 and 35

. In this temperature range, its survival rate and development period from 
egg to adult was 90.9-96.3% and 7.0-54.0 days, respectively. But its hatch rate 
was 0% at 10 . A lower developmental threshold was estimated to be 11.97  
for development from egg to adult. H. varicornis required 16, 46, 9, 81, and 
152 -days, respectively, to complete the egg, larval, prepupal, pupal, and egg 
to adult stages. When 40-50 third-instar larvae of Liriomyza trifolii (Burgess) 
were provided daily for a pair of H. varicornis between 15-35  at 5  
intervals, the relationship between temperature and the total number of 
hosts killed formed a quadratic regression. Accordingly, the maximum 
number of hosts killed was estimated to be 372 at 25.4 ; However, when 
wasps reared at 25  during the immature stages were then transferred to 
30 or 35  after emergence, the parasitism and feeding tests showed total 
numbers of hosts killed of 611 and 651 larvae, respectively. The relationship 
between temperature and the ratio of number of lifetime host parasitized 
over lifetime host feeding fitted to a quadratic regression, as was the 
relationship between temperature and the female progeny ratio. The 
estimated maximum values of the former ratio and the latter one were 0.72:1 
at 24.9  and 0.71 at 23.8 , respectively. At 25 , the intrinsic rate of 
increase (r), net reproductive rate (Ro), and mean generation time (T) were 
0.2337/day, 121 female wasps/female, and 20.52 days, respectively. When 
adults were fed daily with pure honey only between 15 and 35 , the 
relationship between temperature and longevity of females or males showed a 
linear regression and the estimated maximum longevity of females and males 
was 38 and 36 days at 15 , respectively. For those fed pure honey and 
provided with hosts, the relationship between temperature and longevity of 
females or males formed a quadratic regression, and the estimated maximum 
longevity of females and males was 19 days at 22.6  and 13 days at 23.7 , 
respectively. 

 
Key words: Hemiptarsenus varicornis, Liriomyza trifolii, temperature, 

population increase, host-killing capability 
 




