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very unlikely that it could be overtaken, even in the 
strongest heat waves. However, the bumblebees are 
now known to be endothermic animals (Heinrich 
1979, 1993). Several mechanisms of thermoregulation 
(e.g. active nest ventilation) may cause a considerable 
energy cost (Heinrich 1979, 1993). Most bumblebees 
being cold climate animals, their preferendum (sensu 
Uvarov, 1931: 54), or “tolerance zone” (sensu Hallman 
& Denlinger 1998), spreads over low temperature 
intervals. When they undergo temperatures higher 
than their preferendum, their energy need for 
thermoregulation could pass over their foraging intake. 
For Uvarov (1931: 56), “the preferendum is probably 
one of the most potent factors infl uencing the ecological 
distribution of insects and their movements”.

2. It is very important to notice that not only 
the extreme temperatures during the heat wave are 
of importance but also its total duration. Following 
Hallman & Denlinger (1998), “the insect is capable of 
surviving a series of non-lethal lesions, but at certain 
point, the lesions accumulate to a critical level and 
cause death.” Denlinger & Yocum (1998) show that 
“survival curves which plot survival against duration 
of high temperature exposure characteristically have a 
broad shoulder (little mortality initially), followed by a 
high rate of death”. Th at means that heat waves could 
kill with sublethal temperatures (without trespassing 
any lethal threshold), if such high but sublethal 
temperature persists during a long time. Th is eff ect is 
well known for human (see e.g. Argaud et al. 2007; 
INED 2008). 

3. Th e heat wave could also kill by water loss, as 
heat waves are very generally associated with drought. 

4. It could kill by starvation if overheating or 
drought aff ects the availability of foraged vegetation. 

5. Winter heat waves could also die in waking up 
the hibernating queens when no fl ower resources are 
available. Without to wake up the queens, winter heat 
waves could also increase the soil humidity, resulting in 
higher mortality from diseases (fungi, viruses).

When the bumblebees are in the solitary phase of 
their life cycle, they could be aff ected by any of these 
causes. When the bumblebees are living in colonies, 
they benefi t from the underground or at least protected 
nest and its relative homeostasis. At this time, they 
probably suff er mainly from the low energy intake that 
could be caused by lowered plant productivity. Taking 
these hypotheses into consideration, the young sexuals 
are at higher risk during their solitary phase.

As the heat waves mainly occur during the months 
of July and August, the species that are able to complete 
their life cycle and to enter diapause before July could 
be saved (e.g. B. hypnorum (L.), B. lucorum (L.), B. 
pratorum (L.) or B. terrestris (L.)). Th e species with a 
late phenology could be much more aff ected by heat 
waves, while they mainly increase their colonies in July 
and their sexual behaviour takes place during August. As 
examples of very late species, we could give B. confusus 
Schenck, B. cullumanus (Kirby), B. distinguendus 
Morawitz, B. humilis (Illiger), B. magnus Vogt (fi g. 
3A), B. muscorum (L.) (fi g. 3B), B. subterraneus (L.), B. 
sylvarum (L.), B. veteranus (Fabricius), (for phenology, 
see e.g. Løken 1973; Peeters et al. 1999). As most of 
these late species are strongly regressing everywhere in 
Europe (see e.g. Kosior et al. 2007; Rasmont & Iserbyt 
2010–2012), we could hypothesise that the heat waves 
play a role in this regression and that the late species 
are the species most sensitive to the Bumblebee Scarcity 
Syndrome.

Figure 3 
Some species with late phenology, likely the most sensible to the BSS. A, Bombus magnus Vogt; B, Bombus muscorum (L.) ssp. liepetterseni Løken.
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Edwards & Williams (2004) and Williams et 
al. (2009) hypothesise that the food shortage is a 
main cause of bumblebee depletion. However, these 
authors also pointed out that the bumblebees that 
experience the worst regression across Great Britain, 
China and Canada are 1) species with narrow climatic 
specialisation, 2) species along their climatic edges and 
3) species with queens that begin their activity late in 
the year. On the contrary, following these authors, 
the species that remain the most successful “tend to 
be those bumblebee species with broad climatic ranges 
that occur away from the edges of their climatic ranges 
and that become active early in the season.” 

Our opinion is that the heat waves play an obvious 
role in the local and temporary extinction of bumble-
bees. We hypothesise that the geographical coalescence 
and the repetition year after year of the Bumblebee 
Scarcity Syndrome caused by increasingly frequent 
heat waves could be a major factor in the regression 
of bumblebee species. Th is factor could strongly aff ect 
other insects as already reported long ago by Chaine 
(1912, 1919, reported by Uvarov 1931). It also con-
cerns other animals, e.g. McKechnie & Wolf (2010) 
found that heat waves induce catastrophic avian mor-
tality while Welbergen et al. (2008) found the same 
about fl ying foxes. 

As the frequency of the heat waves is expected to 
increase dramatically during the 21st century (Meehl 
& Tebaldi 2004; Ganguly et al. 2009), a large number 
of bumblebee species could be endangered. It urgently 
needs to understand how the bumblebees are able to 
withstand to high temperatures. Th eir physiological 
limits need to be clearly determined by experimental 
studies.
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