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Effects of low temperature on unfertilized honeybee
(Apis mellifera ligustica) eggs
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(College of Bee Science, Fujian Agriculture and Forestry University, Fuzhou 350002, China)

Abstract [Objectives] Although the honeybee is known to be a stenothermal insects the effect of low temperature on the
hatching of haploid Apis mellifera ligustica eggs remains unclear. [Methods] Haploid eggs of different ages were subjected
to 20°C for a different number of hours. [Results] The hatching rate and developmental duration of unfertilized eggs were
significantly affected by cold exposure. Unfertilized eggs between 0 and 9 h of age were more cold-sensitive than older eggs,
being significantly affected by the minimal duration of 0.5 h cold exposure and with 100% mortality when exposed to cold for
more than 4.0 h. In contrast, eggs between 12 and 24 h, and those >36 h old, showed no negative effects after 4.0 h and 12.0 h
cold exposure, respectively. A simulation analysis showed that egg hatching duration was highly correlated with the duration of
cold exposure, and that the increase in time until hatching was approximately equal to the duration of cold exposure.
[Conclusion] Sensitivity to cold depends on how recently unfertilized eggs had been laid. Newly laid eggs were more
susceptible to low temperatures than older eggs. These results will be helpful for further study of how temperature effects
honeybee embryo development, and provides a scientific basis for novel beekeeping strategies.
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Fig. 1 The hatching rates of 0-9 h unfertilized eggs which were subjected to 20°C
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The different lowercase letters in the same age group show significant different at 0.05 level. The same for Fig.2 and Fig.3.
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Fig. 2 The hatching rates of 12 h, 24 h unfertilized eggs which were subjected to 20°C
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Fig. 3 The hatching rates of 36-66 h unfertilized eggs which were subjected to 20°C
A:36h B: 48 h C:60h D: 66 h
A: 36 hage; B: 48 h age; C: 60 h age; D: 66 h age.
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Table 1 Developmental duration of 12-66 h age unfertilized eggs (Apis mellifera ligustica) which were subjected to 20°C

Treatment time (h)

Age(h) 49 8.0 12.0 16.0 20.0 24.0 28.0 32.0 36.0
Control
77.842.8 83.5+3.1 75.1£3.0
12 NH NH - - - - -
Bb Cc Aa
78.6+1.4 832427 88.4+1.1 90.84+3.3 75.1£3.0
24 NH NH - - -
Bb Cc Dd Ee Aa
79.343.7 82.0£2.9 87.542.6 91.5+2.7 93.4%1.1 97213 103.4+1.5 107.3£1.7 112.4+1.9 75.1£3.0
36
Bb Cc Dd Ee Ff Gg Hh Ii ] Aa
777423 82.1£2.1 85.0£1.6 92.6+4.6 94.742.0 97.6£2.0 101.4+1.8 107.3+3.0 111.6£2.8 75.1%3.0
48

Bb Ce Dd Ee Ff Gg Hh Ii Jj Aa
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43R 1 (Table 1 continued)

Treatment time (h)

Age(h) 49 8.0 12.0 16.0 20.0 24.0 28.0 32.0 36.0
Control

80.4£2.9 84.3+1.9 88.7£1.9 92.7+£2.5 97.7£3.0 100.2+3.9 101.6+1.5 105.3+1.1 111.5£3.7 75.1£3.0

°0 Bb Cc Dd Ee Ff Gg Hh Ii Jj Aa
78.9+2.0 83.0+2.5 85.7£3.6 89.4+4.5 95.4+£2.5 97.3£3.8 103.0+6.4 103.6+2.7 108.2+2.7 75.1+£3.0
o Bb Cc Cd De Ef Ef Fg Fg Gh Aa
+ P 001 Turkey HSD
P 0.05 Turkey HSD NH - 2

The data in the table are mean + SD, and those in the same row followed by different capital letters are extremely
significantly different (P<0.01, Tukey’s HSD test), while followed by different lowercase letters are significant different
(P<0.05, Tukey’s HSD test). NH: No eggs hatched. —: No data. The same for Table 2.
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Fig.4 The linear relationship between average
developmental duration after cold treatment of 12-66 h
age unfertilized egg (Apis mellifera ligustica) and the
cold exposure time
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Table 2 Developmental duration of 0-9 h age unfertilized eggs (4pis mellifera ligustica) which were subjected to 20°C

Treatment time (h)

h
Age 0.5 1.0 2.0 4.0 8.0 12.0 16.0
Control
76.4+2.7 76.8+£3.0 77.5£3.3 77.5£3.5 75.1+£3.3
0 NH NH —
Aa Aa Aa Aa Aa
76.0+2.1 78.9+3.8 78.4+4.2 75.1+£3.3
3 NH NH - —
ABa BCb Cb Aa
77.2+£2.4 80.4+4.3 79.3£3.2 75.1+£3.3
6 NH NH - -
ABb BCc Cc Aa
76.4+2.2 79.4+4.0 77.8£1.7 93.0+0.0 75.1+£3.3
9 NH NH NH

Aab Ab Aab Bce Aa
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