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Longevity of starved bumblebee queens (Hymenoptera: Apidae)
is shorter at high than low temperatures
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Abstract. Northern bumblebees (Hymenoptera: Apidae) with annual lifecycles depend both on energy stores remaining in their fat
body after diapause and a few spring flowering plants. Most temperate bumblebees emerge gradually over several months after winter
depending on the species and within species on the location of the overwintering chamber (hibernaculum). Weather can either delay or
promote emergence and nectar resources are needed to fuel flight at low ambient temperatures to find a nest site. Several phoretic mites
use queens for transportation and have synchronized life cycles with their host species. Their presence on the body of bumblebees is
usually harmless but can become harmful when the number of mites increases to hundreds per individual bee. High numbers of mites
on queens may also indicate the queens are in poor condition. The effect of temperature and mite load on the time for which queens can
survive (d) during a 25-day period of starvation were determined using newly emerged spring queens of B. lucorum. Queens collected
from various locations in SW Finland were divided into four groups taking into account their initial load of Parasitellus fucorum mites:
(A) 15°C and provided with only water; (B) 24°C and provided with only water; (C) 15°C and provided with pollen and nectar; (D)
24°C and provided with pollen and nectar. There were mites on 65% (50 out of 77) of the queens. All of the fed queens survived and
starved queens died, with those kept at 24°C dying approximately 8 days before those kept at 15°C. Queen weight or mite load had
no effect on the length of the period for which they survived and there was no difference in the weights of the queens in the different
mite load classes. Asynchrony between plants and insect as well as increased frost damage due to climate change may affect nectar
availability in spring. Therefore, the survival and long term viability of bumblebee populations should be monitored during variable
spring conditions.

INTRODUCTION (Goulson, 2010). During dispersal in spring, the queens are
able to collect pollen from early flowering plants at greater
distances than workers (Macior, 1968, 1994; Washitani
et al., 1994). Several phoretic mites also use bumblebees
for transportation and synchronize their life cycles with
that of their hosts (Schwarz et al., 1996; Schwarz & Huck
1997; Huck et al., 1998; Koulianos & Schwarz, 1999;
Chmielewski & Baker, 2008). Mites attach themselves to
new queens when they leave the nest in autumn and accom-
pany them to hibernation sites (Eickwort, 1994; Schwarz
et al., 1996; Huck et al., 1998). After overwintering with
the host, the mites wait until the queen founds a new nest
and then detach themselves and live in the nest (Goulson,
2010). Up to six species of mites have been found on over-
wintering queens (Schwarz et al., 1996). Mites of the fam-
ily Parasitidae are generally found in forest litter, grassland
humus, moss, decaying organic substrates and the nests of
both small mammals and insects (Bhattacharyya, 1962;
Micherdzinski, 1969; Hyatt, 1980; Karg, 1993; Masan &
Stanko, 2005; Lindquist et al., 2009). All holarctic species
of Parasitellus are obligatory associates of bumblebees
(Rozej et al., 2012). Parasitellus fucorum (De Geer) over-

Northern species of bumblebees have an annual life cy-
cle in which only the new queens hibernate after mating in
late summer or autumn (Alford, 1978; Goulson, 2010; but
see Stelzer et al., 2010). Single queens found new nests
in the spring or early summer and depend both on energy
stores remaining in their fat body after the diapause and
nectar from a few flowering plants (Sladen, 1912; Free &
Butler, 1959; Alford, 1978). Some species in the subarctic
and arctic areas are highly dependent on certain plants and
appear 24h after the blooming of the first willow catkins
(Vogt et al., 1994). Most temperate bumblebees, however,
emerge gradually over several months from late winter to
midsummer depending on the species and within species on
the location of the overwintering chamber (hibernaculum)
(Alford, 1978). Weather can either delay or promote the
emergence of bumblebee queens: the spring temperature
must exceed 15°C before the emergence of the white-tailed
bumblebee Bombus lucorum (Linnaeus) starts (Pekkarinen
& Teris, 1997). The spring queens need nectar to fuel flight
at low ambient temperatures (Heinrich, 1975) to find suit-
able nest sites; later pollen is also needed for nest initiation

(Pereboom, 2000; Pereboom et al., 2003; Goulson, 2010) winters as a deutonymph and matures in the nests of bum-
In two bumblebee species the quee’ns dispe;se over Dlebees where they feed mainly on wax, pollen and nec-
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a strong gnathosoma with functional palpi and chelicerae.
Moreover, they are behaviourally adapted to living with
bumblebees due to their quick reactions and good orienta-
tion ability (Chmielewski & Baker, 2008). In the spring
in Poland 70% of B. lucorum are infested with P. fucorum
(Chmielewski & Baker, 2008).

Females and deutonymphs of phoretic mites can affect
their hosts negatively by consuming pollen (Chmielews-
ki & Baker, 2008), but oophagous and predatory proto-
nymphs are more likely to have positive effects by reduc-
ing the abundance of other pollen-cating arthropod species
in the nest (Schmid-Hempel, 1998). Although the presence
of phoretic mites on the body of bumblebees is usually
harmless, it can become harmful when the number of mites
increases to hundreds or even thousands per individual bee
(Chmielewski & Baker, 2008), because they restrict their
movement and flying ability. In addition, it is also possible
that a high number of mites may indicate the queen is in
poor condition.

Here, the effect of temperature and mite load on the
length of time (d) newly emerged spring queens of B. luco-
rum (Hymenoptera: Apidae) can survive starvation is de-
termined. The first hypothesis tested is that starved queens
die sooner at high than low temperatures and that queen
size (measured as fresh weight at the beginning of the ex-
periment) affects the time for which they survive such that
smaller queens die first. Also, we expect that queens with
the highest mite load die first because the mites are either
harmful to queens or the high numbers indicate the rela-
tively poor condition of the queens.

MATERIAL AND METHODS

Study design

Queens of B. lucorum (N=280) were collected from various
locations in South Western Finland during 22™ April — 1% May
2012. Of these, 77 queens were used in the analyses and three
were excluded due to drowning in the water dispenser (model
commonly used in bird cages with a 100 ml plastic water contain-
er outside and a 1 cm wide and 2 cm long drinking area inside the
cage). The number of phoretic mites (P. fucorum) on each queen
was used to assign them to one of 3 classes: 0 = no visible mites,
1=1-70 mites, and 2=70-200 mites. The mites were counted
in the field immediately after capturing the queen. The escape
of mites was controlled with greenhouse insect traps (Silvalure,
Silvandersson Sweden AB) that were put under each individual
queen’s box. Each queen box was made out of a round 0.25 1
clear plastic container (diameter 10 cm, height 12 cm) held upside
down with its lid at the bottom. Holes were drilled along the edge
of the lid, which helped to keep the box clean of faeces. A 5 cm
x 5 cm hole was cut in the bottom of the container (the top of the
queen box) and a piece of 2 mm stainless steel wire mesh was
glued on with warm glue to allow feeding and ventilation. For ad-
ditional ventilation, 2 mm diameter holes were drilled in the walls
of the container. A piece of cardboard was taped in the bottom to
keep the container clean and dry.

Queens were divided into four groups taking into account their
initial load of phoretic mites, so that in every group there would
be approximately the same number of queens from all phoretic
mite number classes. The mite number class was used later in the
analysis as an indicator of individual queen’s mite load. Group A
(N'=20) queens were kept at 15°C and only provided with water;
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Fig. 1. The percentage survival of queens in the four treatment
groups: (A) 15°C and provided only with water; (B) 24°C and
provided only with water; (C) 15°C and provided with pollen and
nectar; (D) 24°C and provided with pollen and nectar. The experi-
ment was terminated on day 25 when the last of the queens that
were starved died (i.e., none of them survived until day 26).

group B (N=18) queens were kept at 24°C and only provided
with water; group C (N =20) queens were kept at 15°C and pro-
vided with both pollen (bee collected, fresh frozen) and nectar
(Biobest: BioGluc); group D (N=19) queens were kept at 24°C
and provided with both pollen and nectar.

The survival of queens was checked once a day until all the
queens in groups A and B were dead. The fed queens (group C
and D) were similarly checked for 25 days before transferring
them to rearing facilities, where they were reared until they pro-
duced eggs and their first workers emerged, when the wooden
nest boxes were placed out in the field.

Statistical analysis

All statistical analyses were made using statistical software
SAS version 9.2 (SAS Institute, Cary, NC, USA). We used the
generalized linear model in the GLIMMIX procedure with Pois-
son distribution and log link function. The number of days they
survived was the dependent variable in this analysis, with queen
weight, temperature treatment (groups A-D), mite load (classes
1-3) and their interactions as fixed effects. All interactions were
non-significant and were excluded from the final model. Weight
differences of queens in the different mite load classes were ana-
lyzed using an REML-based Mixed model.

RESULTS

There were mites on 65% (50 out of 77) of the queens.
Survival time differed significantly between the groups
(F3, ., =94.46, P<0.0001; the Tukey’s test for pair-wise
differences, group C vs. D: P>0.99, all other pair-wise
tests between groups: P<0.0001; Fig. 1). All of the fed
queens (group C and D) survived for 25 days. In contrast,
all group A and B queens died within 25 days from the
start of the experiment as expected. The temperature
treatment clearly affected the time for which they survived
such that queens died approximately 8 days (mean 7.8 d)
sooner at 24°C (group B) than at 15°C (group A) when
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Fig. 2. The mean length of time (d) for which the bumblebee
(Bombus lucorum) queens survived when only provided with wa-
ter and starved at (A) 15°C and (B) 24°C. The difference in the
length of time they survived in the two treatments is significant
(P <0.0001).

given no food (Fig. 2). However, there was no difference
between the survival times when the queens were given
nectar. Queen weight had no effect on the length of time
for which they survived within the 25 days (£, ,,=0.20,
P=0.65), neither had the mite load (£, , =0.16, P=0.69).
There was no difference in the weights of the queens in the
different mite load classes (1-3) (F, ,,=1.76, P=0.18). All
interactions were non-significant and were excluded from
the final model (treatment x weight x mite load F, ;| =0.21,
P=0.89; weight x mite load Fl,64<0'001’ P=0.95; mite
load x treatment Fy =029, P=0.83; weight x treatment
F, =0.37,P=0.77). Group A and B queens were not seen
drinking the water they were provided, but two individuals
were excluded from the experiment after they were found

either wet or drowned in the water dispenser.
DISCUSSION AND CONCLUSIONS

When given no food, the bumblebee queens survived for
a shorter time at 24°C than at 15°C. This was expected
since body functions are faster and the overall energy ex-
penditure higher in warm than cold conditions. There are
some recent experimental studies in ecology, where tem-
perature differences have affected the survival and use of
energy reserves in social insects: boreal wood ants (For-
mica aquilonia) use their body fat resources faster at high
than low temperatures and their overall survival also in-
creased the greater their initial fat body resources (Sorvari
et al., 2011). In Bombus terrestris, queen weights being
greater than 0.6 g prior to diapause is important, but tem-
perature (between —5°C and 15°C) seems to have no effect
on survival during diapause under laboratory conditions
(Beekman et al., 1998). In this experiment, the queens died
only of hunger and accidental drowning. In nature, preda-
tion mostly by birds, especially in spring, increases the in-
cidence of mortality (Forster-Johnson, 2002). The emerg-
ing queens may also carry mites and other parasites, but the
P, fucorum mites studied here did not affect survival under
laboratory conditions. There was no association between

queen size or queen condition and the number of mites on
the individuals. In addition, there was no indication of oth-
er causes of mortality, since it is highly unlikely that such
causes of death would only affect groups A and B, since all
the other queens (groups C and D) survived for 25 days. It
is possible, however, that starvation may have affected the
incidence of mortality due to an unknown parasite or virus
and thus some other causes of death may have been over-
looked in this study. The relatively short time for which
the starved queens survived and the 100% survival of the
fed queens, however, support starvation as the main cause
of death.

The latest IPCC report predicts that the mean global tem-
perature may rise by as much as 4.8°C during the next 100
years (IPCC, 2013). This is likely to alter the time of flow-
ering and the whole pollination system, especially in the
Northern Hemisphere: springtime warming is more likely
to advance the phenology of plants than of insects (Forrest
& Thomson 2011). The potential mismatch between in-
sects and plants due to climate change may also depend on
their different responses to, for example, chilling, moisture
availability, competition, predation and extreme weather
events that could affect phenology and also modulate the
effects of cumulative heat units or photoperiod (Forrest &
Thomson, 2011). However, frost damage that results in a
reduction in the number of flowers may pose a more severe
threat to bumblebee queens than phenological asynchrony
(Inouye 2008). If the early spring flowers used by queen
bumblebees are damaged, the scarcity of food may affect
their survival and ability to found nests. Northern species
of bumblebees, such as B. lucorum emerge early and end
their hibernation when the day temperature reaches 15°C
(Pekkarinen & Terds 1997; S.-R. V. pers. obs.). The surviv-
al of bumblebee queens after emergence is very dependent
on the availability of nectar and temperature, both of which
can affect the risk of starvation. Overwintering insects that
have a tight energy budget are likely to be especially vul-
nerable to an increase in temperature (Hahn & Denlinger,
2011). In order to determine the effects of temperature
changes on the survival and long term viability of bumble-
bee populations it is necessary to monitor bumblebees dur-
ing spring over time periods of several years.
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