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Influence of temperature on the development, survival and
reproduction of Semiaphis heraclei (Takahashi)

WANG Jin-Xiu LI Xue-Jun WANG Ning
(Liaoning Key Laboratory of Biodiversity and Evolution, Shenyang Normal University, Shenyang 110034, China)

Abstract [Objectives] To determine the effects of temperature on the development, survival and reproduction of Semiaphis
heraclei (Takahashi). [Methods] The developmental duration, survival rate, and fecundity, of S. heraclei were measured and
compared at five different temperatures (19, 22, 25, 28 and 31°C). [Results] The developmental duration of 1st to 4th instar
nymphs, and of one complete generation of S. heraclei, was significantly shortened by higher temperatures within the range of
19~31°C. The periods required to reach maturity at 19, 22, 25, 28 and 31°C, were 22.17, 17.13, 12.57, 10.03 and 7.83 days,
respectively. According to the rule of effective accumulative temperature, the developmental threshold temperatures of 1st to
4th instar nymphs, and of one complete generation, at each of the five temperatures tested were 14.15, 13.87, 13.64, 15.06 and
12.92°C, and 29.98, 29.30, 28.54, 24.00 and 144.21 degree days, respectively. The developmental durations of all stages of S.
heraclei were predicted. At the five temperatures tested, the survival rates of st to 4th instar nymphs and of one complete
generation were characterized by small wave motion with changing temperature. The overall survival rates of S. heraclei at 19,
22,25, 28 and 31°C were 40.0%, 52.5%, 62.5%, 60.0% and 47.5%, respectively. At 25 , survival rates were relatively high,
those for st to 4th instar nymphs and of one complete generation were 82.5%, 81.8%, 92.6%, 100% and 62.5%, respectively.

Survival rates at the same temperature differed between developmental stages. The longevity of S. heraclei from birth to death
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decreased with temperature. At 19°C, the longevity of S. heraclei was 33.30 days, however, at 31°C, longevity was 15.40 days.

The duration of oviposition also decreased with temperature. At 19°C, oviposition duration was 11.13 days but at 31°C

oviposition duration was 7.57 days. Fecundity at 19, 22, 25, 28 and 31°C, was 26.33, 27.93, 32.53, 27.13 and 17.93 per female,

respectively. [Conclusion] Temperature is an important factor that affects the growth, development, survival and reproduction

of S. heraclei. Developmental duration was shortest, and survival rate and total fecundity highest, at 25°C. We conclude that

25°C is the optimal temperature for the development, survival and reproduction of S. heraclei.
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Table 1 The developmental duration of Semiaphis heraclei in different temperatures (d) (2015, Shenyang)

Temperature () 1 1st instar 2 2nd instar 3 3rd instar 4 4th instar Total generation
19 5.3340.66 5.07+0.69 4.80+0.55 4.53+0.51 22.17+0.65
22 3.90+0.61 3.67+0.55 3.67+0.66 3.70+0.60 17.13+0.82
25 2.93+0.64 2.67+0.61 2.53+0.51 2.63+0.49 12.57+0.86
28 2.33+£0.48 2.23+0.43 2.13+0.35 2.00+0.59 10.03+0.85
31 1.70+0.53 1.63+0.49 1.60+0.56 1.434+0.50 7.83+0.70
=+

Data are mean+SD.
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Fig. 1 The comparision of the developmental rate of Semiaphis heraclei in different temperatures (2015, Shenyang)
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x2 WE MIEUKRPRBERREMERRE (2015, L)
Table 2 The developmental threshold temperature and the effective accumulation
temperature of Semiaphis heraclei (2015, Shenyang)

C S K . S
Development stage Threshold temperature Standard erior Accumulated temperature Standard er];or
1 Istinstar 14.15 0.43 29.98 3.09
2 2nd instar 13.87 1.06 29.30 2.62
3 3rdinstar 13.64 1.00 28.54 2.37
4 4th instar 15.06 1.39 24.00 3.11
Total generation 12.92 1.01 144.21 11.42

®3 TREETHE MIEHEIMRKENRMEEAEFMHHATNK (2015, D
Table 3 The regression equation and the development duration predictions for each stage of
Semiaphis heraclei in different temperatures (2015, Shenyang)

T V
T=C+KV

Development stage
Developmental rate model

Duration prediction
N K=£S,
T—-(C+Sc)

,
Correlation coefficient

1
1st instar

2
2nd instar
3

3rd instar

4
4th instar

T=14.15+29.98V

T=13.87+29.30V

T=13.64+28.54V

7=15.06+24.00V

) 7=12.92+144.21V
Total generation

y 29.98+3.09
0.903 M= (la15£043)
0.900" TS
T—(13.87£1.06)
28.54+2.
0.897" N3 :%
) 24.00+3.11
0.904 T T-(15.06%139)
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T T-(12.92+1.01)

ok T Vv P<0.01

** indicates that the temperature and growth rate are extremely significant correlation (P<0.01).
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Fig. 2 The survival rate of Semiaphis heraclei at different temperatures (2015, Shenyang)

x4 FREETHE MIETHFH (2015, KD

Table 4 The longevity of Semiaphis heraclei at different temperatures (2015, Shenyang)
Temperature () Mean longevity (d) Longest longevity (d) Shortest longevity (d)
19 33.30+3.06 40 28
22 27.03£3.26 34 21
25 22.37+£2.71 28 17
28 18.60+2.28 23 15
31 15.40+2.01 19 11
K 24810 df =4 P<0.01 25
6.30 19 4.93
F=11.870 df=4 P<0.01 5 X*=28.294 df =4 P<
0.01 19°C
233 2.88 3.29 3.21 2.34 25 11.13d 31C
5 X=  356d
5 TRBETHE MUETFRIHE (2015, LD
Table 5 The fecundity of Semiaphis heraclei in different temperatures (2015, Shenyang)
L .d d /d Maximum Total
Temperatures O:i/g;gtsilct)l;)n Start production to  Oviposition amount oviposition oviposition amount
production peak day per female per day ~amount per day per female
19 11.13+3.07° 4.20+2.81" 2.33+0.57° 4.93+1.01° 26.33%10.44"
22 9.90+3.02% 5.24+2.26" 2.88+0.65* 5.77+1.57* 27.93+8.97°
25 9.80+2.38" 5.80+2.98" 3.29+0.85" 6.30+1.12° 32.53+12.25%
28 8.57+2.03% 4.38+2.21" 3.21%0.55 6.10+1.21° 27.13+6.63"
31 7.57+1.96° 3.57+1.98" 2.34+0.95" 5.10+1.56" 17.93+9.10°
+ LSD  SPSS
P <0.05

Data are mean+SD. The different small letters indicate significantly different at 0.05 level by LSD or nonparametic test and
multiple comparisons in SPSS (P <0.05).
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Fig.3 The total oviposition amount per female of Semiaphis heraclei in different temperatures (2015, Shenyang)

LSD P<0.05
Histograms with the different letters indicate significantly different at 0.05 level respectively by LSD in SPSS (P <0.05).
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