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Influence of temperature on the development and reproduction of
Anisopteromalus calandrae (Hymenoptera: Pteromalidae)
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Abstract [Objectives] To explore the influence of temperature on the development and reproduction of experimental
populations of Anisopteromalus calandrae. [Methods] The duration of different developmental stages of A. calandrae were
measured at 5 different temperatures. The developmental threshold temperature and effective accumulated temperature were
calculated using the least square method and the relationship between temperature and developmental stage was modelled
using linear regression, a Logistic model and a “Wang-Lan-Ding” model. [Results] The hatching rate of A. calandrae first
increased, then decreased, with temperature. The highest hatching rate of larvae (88.67%) occurred at 25 °C. Larval survival
decreased with temperature and there was a significant negative correlation between temperature and the developmental
duration of each instar; i.e. the developmental period was significantly shorter at higher temperatures. The lifespan of adult A.
calandrae tended to decrease with temperature; average life expectancy at 22 °C was 17.88d, whereas that at 31°C was only
9.89d. Female fecundity increased with temperature. The developmental threshold temperature and the effective accumulated
temperature for a generation were 17.81 °C and 138.48 degree-days, respectively. A linear regression and Logistic model more

closely approximated the relationship between development rate and temperature than the "Wang-Lan-Ding" model.
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[Conclusion] Temperature has a significant effect on the development and reproduction of A. calandrae and the optimum

temperature range for the growth and reproduction of this species is between 25-31 °C.
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Table 1 Hatchability of eggs and survival rate of Anisopteromalus calandrae at larval-pupal stage
% % %
Temperature Hatchability of eggs Survival rate at larval stage Survival rate at pupal stage
19 82.00%+2.37a 65.06+7.28 a -
22 85.33%+3.83 a 59.33#592a 98.92+345a
25 88.67%+3.81 a 59.07%1.00 a 1.00 £0.00 a
28 87.33%x251a 56.69%+1.96 a 98.88+3.51a
31 86.00%3.73 a 53.48%1.72 a 98.33+4.31 a
P<0.05 Duncan

Data in the table are mean=SE, and followed by different letters in the same column are significantly different (P<0.05,

Duncan’s multiple range test). The same below.

R2 TEERETRHASNENLEH
Table 2 Developmental duration of Anisopteromalus calandrae at different temperatures
d d d o d
Temperature Egg duration Larval duration Pupal duration Preé)l:/rlaaci);llton Generation
19 2.95+0.13 a 14.63+0.18 a - - -
22 2.75+0.24 a 15.03+£0.34 a 14.35£0.41 a 2.45+0.03 a 34.58+0.40 a
25 1.54+0.06 b 6.01£0.0.13 b 9.96+0.33 b 1.03+0.05 b 18.54+0.17 b
28 1.03+0.04 ¢ 5.34+0.18 ¢ 6.23+0.08 ¢ 0.70+0.01 ¢ 13.30+0.28 ¢
31 0.86+0.02 c 4.40+0.16 d 4.9940.15 d 0.41+0.01d 10.67+£0.07 d
22 3458 d 31 10.67 d 7.99d
2391 d P<0.05
P<0.05 22 20.88
pP< 31
0.05 98.99
2.3 RENEHEGRSRENTE 24 RASNEERTSHATERRENEY
HiR
3
22 17.88 d 31 4 16-
9.89d 21

x3 TREEETREE/NMNERRFHRZINE
Table 3 Longevity and fecundity of female adults of Anisopteromalus calandrae at different temperatures

Number of eggs laid Longevity d

Temperature +SE Range +SE Range
22 20.8842.69 a 11-60 17.88+£2.02 a 10.17-30.08
25 55.30%231b 38-81 14.60+0.17 ab 11.92-16.25
28 64.29x1.21b 48-88 11.48+0.19 be 8.00-15.08
31 98.99x5.75 ¢ 69-123 9.89+0.84 ¢ 5.83-11.83
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Table 4 Development threshold temperature and effective accumulated
temperature of Anisopteromalus calandrae

Development Effective Model of effective

Developmental threshold SE accumulated SE accumulated temperature Correlation
stage coefficient
Temperature temperature (K) N=K/(T C)
Egg 16.14 1.25 12.74 1.63 N=12.74/(T 16.14) 0.95
Larva 16.04 1.22 62.54 11.00 N=62.54/(T 16.04) 0.92
Pupa 17.81 0.79 65.48 5.51 N=65.48/(T 17.81) 0.99
o 20.67 0.87 4.46 0.58 N=4.46/(T 20.67) 0.97
Preovipositon
. 17.78 0.45 138.48 6.66 N=138.48/(T 17.784 0.99
Generation
20.67x0.87 s s ey . e
25 BESRASNELEERZ BHEFEXR
17.81%0.79
17.78=0.45 16.1421.22 Logistic -
16.0421.25
5
138.4846.66 R
4.4620.58 0.075
3.22% 0.015 0.015 0.217
65.4845.51 0.007
47.28%

RS TEERRMEESNELBREMREEXRNSHENMBUESE
Table 5 Parameter values of three models describing the relationship between temperature
and developmental rate of Anisopteromalus calandrae

Model Parameter Egg stage Larval stage pupal stage Preo;/tlg)goesnon Generation
t+SE 0.075%0.24 0.015+0.17 0.015+0.03 0.217+0.75 0.007£0.01
K+ SE 1.1754+0.01 0.223+0.00 0.266+0.00 4.443+0.00 0.128+0.00
Linear model
R 0.98 0.97 0.99 0.98 1.00
a 5.44 6.50 6.22 7.44 7.70
b 0.20 0.27 0.23 0.21 0.31
Logistic model R 0.99 0.96 0.99 0.99 1.00
K 1.83 0.26 0.29 9.17 0.11
T 10.00 10.00 10.00 10.00 10.00
Tu 37.00 37.00 37.00 37.00 37.00
<o -7 T, 27.92 24.19 25.83 25.64 26.45
Wang-Lan-Ding r 0.20 027 2.30 2.60 1.50
model
S 0.17 0.25 0.09 1.15 8.96

R 0.98 0.93 0.98 0.98 0.97
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