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The Effect of Rising Temperatures during Hibernation on
the Survival Rate of Bumblebee (Bombus terrestris) Queens
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m Climate change, including heatwaves, is causing a decline in the population size and diversity
of bumblebees. This study examined the effects of rising temperature during hibernation on the
survival rate of Bombus terrestris queens, sperm viability in the spermatheca, and subsequent
colony characteristics. Queens that emerged under optimal (27°C) and high-temperature (32°C)
conditions were mated and then hibernated at 2.5°C for 12 weeks. Additionally, some queens
hibernated at 2.5°C for 8 or 9 weeks before the temperature increased to 7.5°C or 12.5°C for 4 or
3 weeks, respectively. As temperature and duration increased, post-hibernation weight loss in
queens rose significantly, and survival rates declined sharply when the temperature was raised
to 12.5°C for 3 or 4 weeks. However, sperm viability in the spermatheca of surviving queens
showed no significant difference. Moreover, key colony characteristics, including oviposition
rate, colony formation rate, new queen emergence rate, number of adult offspring, and adult
body weight, remained largely affected. These findings suggest that elevated temperatures
during hibernation negatively affect queen survival rates, potentially contributing to population
decline.
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Fig. 1. Weight loss rate of queens under different hibernation temperature conditions, measured one day after hibernation. Bombus terrestris
queens were reared at either the optimal temperature (27°C) or a high temperature (32°C) prior to hibernation. The treatment subgroups were
as follows: constant at 2.5°C (C2.5) for 12 weeks (C2.5-12W); transposition from 2.5°C to 7.5°C after 9 weeks (3W) or 8 weeks (4W) during
hibernation for a total of 12 weeks (2.5T7.5); transposition from 2.5°C to 12.5°C after 9 weeks (3W) or 8 weeks (4W) during hibernation for a
total of 12 weeks (2.5T12.5). Different letters indicate significant differences among the treatments (p =0.0001).
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Fig. 2. Survival rate of queens under different hibernation temperature conditions, measured three days after hibernation. The queens, tempera-
ture treatments, and durations are the same as in Fig. 1. Different letters indicate significant differences among the treatments (p =0.0001).
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Fig. 3. Sperm number (A) and viability (B) in the queens’ sperm-
athecae after hibernation, measured three days after hibernation.
The queens, temperature treatments, and durations are the same
as in Fig. 1. For this experiment, the queens were from C2.5-12W,
2.5T7.5-4W, and 2.5T12.5-4W. No significant differences were ob-
served among the treatments.
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Fig. S1. Colony development of queens after hibernation. The queens, temperature treatments, and durations are the same as in Fig. 1. For this
experiment, the queens were reared at a high temperature (32°C) prior to hibernation and were from C2.5-12W, 2.5T7.5-3W, and 2.5T12.5-4W. (A)
Preoviposition period, (B) Oviposition rate, (C) Duration of colony formation, (D) Colony formation rate, (E) Colony rate with newly emerged
queens, (F) Emergence day of workers, males, and queens, (G) Number of newly emerged workers, males and queens per colony, (H) Lifespan
of queens, and (I) Body weight of worker, male, and queen. In (I), different letters indicate significant differences among the treatments.
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