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NOTES AND COMMENTS

Conflicting selection on workers underlies global honey bee colony losses

Gina Retschniga� , Lars Strauba and Peter Neumanna,b

aVetsuisse Faculty, Institute of Bee Health, University of Bern, Bern, Switzerland; bSwiss Bee Research Centre, Agroscope, Bern,
Switzerland

ABSTRACT
There is clear evidence for global and unsustainable high losses of the managed Western
honey bee, Apis mellifera, colonies raising major concerns about the sustainability of pollin-
ation services and food security. Here, we address a conflicting selection scenario in workers
to better understand life-history trade-offs underlying colony losses. Due to developmental
plasticity, annual fluctuations in selection pressures result in long-living winter bees and
short-living summer bees as adaptive responses to lack of food and ceased brood rearing in
winter, or ample food and rapid brood turnover in spring and summer. Since trait evolution
is governed by a balance of conflicting fitness advantages, trade-offs between longevity and
other traits are inevitable (e.g. immune defense or detoxification). As worker longevity is
essential to ensure colony functionality, these trade-offs render long-living workers more sus-
ceptible to the same stressors compared to short-lived ones. It seems as if trade-offs in
workers play a previously overlooked key role, and the incorporation of long-living workers
in research efforts is long overdue if our aim is to effectively mitigate declines and losses of
social insect colonies globally. Indeed, managed honey bee colony losses in temperate
regions predominantly occur throughout winter, but research efforts are almost exclusively
conducted with short-lived summer bees, thereby sustaining the danger of false negative
results. Thus, we should not shy away from meeting the respective logistic challenges.
Studies of conflicting selection on workers will be informative about mechanisms underlying
life history trade-offs, thereby fostering conservation efforts in the social insects.
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For over a decade, there is clear evidence for high
global losses of managed Western honey bee, Apis
mellifera, colonies (Neumann & Carreck, 2010), raising
major concerns about the sustainability of pollin-
ation services and human food security (Potts et al.,
2016). However, there is still no sustainable solution
at hand, probably because the underlying evolution-
ary scenario remains elusive and due to the com-
mon, but inadequate, focus on short-living summer
bees in research. The majority of stressors identified
to affect honey bees have been studied in short-liv-
ing summer bees, even though conflicting selection
on workers increases vulnerability in hibernating col-
onies, i.e. in long-living winter bees. Here, we
address for the first time a conflicting selection scen-
ario in honey bee workers to promote a focus on
long-living winter bees required to understand life-
history trade-offs underlying colony losses. The
deceptive focus on summer bees has precluded cur-
rent research efforts to develop the urgently
required protection measures and may therefore
constitute one main cause for the ongoing, yet pos-
sibly avoidable colony losses.

Due to developmental plasticity in honey bee
workers, annual fluctuations in selection pressures
result in long-living winter and short-living summer
bees (eight months vs. three weeks; Riley, 1895) in
all honey bee colonies in the temperate regions
(Winston, 1987). Indeed, these identical looking, but
physiologically different bees arise as adaptive
responses to a lack of foraging ability and ceased
brood rearing for instance during winter, as well as
ample food and rapid brood turnover in spring and
summer (Knoll et al., 2020). Accordingly, these bees
differ in many traits, e.g. immune responses
(Steinmann et al., 2015). Since the evolution of traits
is governed by a balance of conflicting fitness
advantages (Schluter et al., 1991), trade-offs between
longevity and other costly traits are inevitable and
well known (Flatt & Heyland, 2011; Sheldon &
Verhulst, 1996). In insects, including social insects,
such trade-offs have been reported repeatedly, e.g.
between detoxification and longevity (Flatt &
Heyland, 2011) or immune defense and longevity
(e.g. in bumble bees (Moret & Schmid-Hempel,
2000), in crickets (Jacot et al., 2004), in flies (Libert
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et al., 2006), in meal worm beetles (Krams et al.,
2013). A previous study measuring the cost of
immune response in bumble bee workers, Bombus
terrestris, revealed a 50 to 70% reduction in longevity
in the artificially immune induced individuals com-
pared to the control workers (Moret & Schmid-
Hempel, 2000). Such drastic reductions in longevity
undermine the immense costs of potential trade-offs.

In social bees, it is essential that sufficient individ-
ual survival is key to ensure the minimum number of
workers required to maintain colony functionality
over winter, e.g. for thermoregulation (Filipovic-
Moskovljevic, 1972). Therefore, these trade-offs
between longevity and other traits almost certainly
render winter bees more susceptible to the same
stressors compared to summer bees (Figure 1).
Indeed, winter bees are more susceptible to ecto-
parasitic mites Varroa destructor and the insecticide
thiamethoxam when combined compared to sum-
mer bees (Straub et al., 2019). It appears as if such
trade-offs in workers play a previously overlooked
key role in our understanding of honey bee health
in general and colony losses in particular.
Phenotypic and transcriptomic comparisons between
summer and winter bees will be required to better
understand the mechanisms underlying this develop-
ment plasticity and respective life-history trade-offs.

In light of the consensus that honey bee colony
losses in temperate regions predominantly occur
throughout winter, it appears inadequate that
research efforts are almost exclusively conducted
with summer bees rather than winter bees. This is

most likely due to the logistic constraints, e.g.
reduced availability of winter bees and restrictions in
the measurability of parameters. This reflects a major
flaw as it ignores the long known differences
between summer and winter bees resulting from the
conflicting selection. Based on the above reasoning,
we here raise caution that the common focus on
summer bees sustains the considerable danger of
false negative results, i.e. the measured impact of a
stressor on summer bees is likely underestimating
the actual effects on winter bees and ultimately the
entire colony. Thus, we should not shy away from
meeting the respective logistic challenges and
thereby strengthen the focus on incorporating win-
ter bees if our aim is to mitigate winter colony losses
in honey bees. One feasible and promising approach
appears to be the season-independent production of
artificial winter bees (Fluri et al., 1982).

In conclusion, an extensive incorporation of long-
living workers in research efforts is long overdue if
our aim is to effectively mitigate losses of managed
honey bee colonies globally. The evolutionary scen-
ario outlined here may hold true for any period
without brood rearing - irrespective of seasonality,
degree of sociality and/or insect genera/species.
Studies of conflicting selection on workers therefore
will be informative about mechanisms underlying life
history trade-offs and conservation efforts in the
social insects.
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