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Abstract – The ectoparasite V. destructor is one of the major threats to Western honeybees’ production
(A. mellifera ) worldwide, causing colony losses and reducing bees’ productivity and pollinating capacity. Since
parasitism produces high energy consumption in hosts, the aim of this study was to compare the effects of this
ectoparasite on energy expenditure and survival rate in honeybees. Newborn bees were kept in chambers at 32 °C
and 55% humidity with food ad libitum. Individual bees were taken at random and grouped into three treatments: T 0
(no mites), T 1 (one mite), and T 2 (two mites). After the mites had fed on the bees, the metabolic rate (CO2
production = VCO2) was individually measured at 32 °C for 3 h. We also measured survival rate, using the same
groups for 8 days. A significant effect of the number of mites on VCO2 was found (T 0 = 3.14 μLCO2 min−1, T 1 =
4.03μLCO2min−1 and T 2 = 6.44μLCO2min−1,F (2) = 25.81, p < 0.001). The treatments did not affect significantly
the bees’ survival (p = 0.283), despite the survival rates recorded were 57.5% in T 0, 42.5% in T 1, and 40.0% in T 2.
V. destructor clearly increases the energetic cost of living in bees and provoking a reduction of the survival rate even
when this value was not significant statistically.
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1. INTRODUCTION

The importance of the Western honeybee, Apis
mellifera , as a pollinator and the impact of this
function on crop and seed production in agricul-
tural ecosystems are well-known (Klein et al.
2017). A decline has been noted in honeybee
populations since 2006, as a result of different
threats around the word (Kang et al. 2016; Le
Conte et al. 2010; Nazzi and Le Conte 2016;
Neumann and Carreck 2010; Ramsey et al.
2019; Ratnieks and Carreck 2010).

The most widespread threat in beekeeping is
the ectoparasitic mite Varroa destructor (Acari:
Mesostigmata), which is present almost in every
beekeeping country even in Australia since
June 2016 (OIE 2019). It causes more damage
than all other known apicultural diseases and par-
asites (Emsen et al. 2015; Evans and Cook 2018;
Locke et al. 2014; Maggi et al. 2016). This ecto-
parasite affects individual bees and the colony as a
whole because it feeds actively on the host, con-
suming the fat body (Ramsey et al. 2019) and the
hemolymph of adult and immature bees (Nazzi
and Le Conte 2016; Richards et al. 2011). It also
acts as a vector of viruses, bacteria, and fungi
(Annoscia et al. 2012). In the long term, this
ectoparasite affects the Darwinian fitness of bees,
causing important economic losses and degrading
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the functioning of the ecosystem (Boncristiani
et al. 2012; Fries et al. 2006; Klein et al. 2017;
Ramsey et al. 2019; Schmid-Hempel 2008).

In the case of honeybees, a wide range of
physical, physiological, and behavioral changes
has been described in adult bees parasitized during
the pupal phase (Annoscia et al. 2012; Erban et al.
2019; Genersch and Michel 2010; Kralj and
Fuchs 2006; Lee et al. 2010; Schäfer et al. 2010;
Yang and Cox-Foster 2007). Mites feed on the
brood during their reproductive phase (Nazzi and
Le Conte 2016) and during their phoretic phase
(Ramsey et al. 2018, 2019) but the importance of
this last point is unclear (Nazzi and Le Conte
2016). Without treatment, most colonies in tem-
perate climates die within 1–3 years (Ramsey and
van Engelsdorp 2016; Rosenkranz et al. 2010).

Due to the success of Varroa in parasitizing
honeybees, studies must focus on its physiological
significance and its implications (Nazzi and Le
Conte 2016). Knowledge of changes in the host’s
energy allocation in response to parasites is crucial
for understanding the impact of the parasite on both
individuals and populations (Garrido et al. 2016;
Kutzer and Armitage 2016; Schmid-Hempel 2008,
2009). One way to measure integrative physiologi-
cal variables is through the standard metabolic rate
(SMR), which represents the energetic cost of living
at a given temperature (Kovac et al. 2007, 2014).
The metabolic rate in bees and other insects is
affected by age (Kovac et al. 2007; Stabentheiner
et al. 2003), race (Stabentheiner and Kovac 2014),
level of activity (Hartfelder et al. 2013), ambient
temperature (DeVries et al. 2016), body mass
(DeVries et al. 2016; Stabentheiner and Kovac
2014), and health status (Bordier et al. 2016; Kralj
and Fuchs 2010; Luong et al. 2017; Schmid-Hempel
2008), among other factors. For instance, the energy
expenditure of young bees at rest increases with the
ambient temperature fourteen times when the tem-
perature move between 10 and 40 °C, but it is
several times below the values for highly active bees
(Blatt and Roces 2001; Kovac et al. 2007;
Stabentheiner et al. 2003). According to Blatt and
Roces (2001), a high level of activity could provoke
a decrease in trehalose in the bee hemolymph
reaching the maximal capacity of the fat body to
synthesize trehalose.

Studies on energy have been conducted in
healthy bees at different ages or activity levels
and at different temperatures (Hartfelder et al.
2013; Stabentheiner et al. 2010). However, there
is no report on the energetic cost of living in
diseased honeybees, except some inferences re-
specting bees infested with Nosema ceranae
(Alaux et al. 2014; Bordier et al. 2016; Kralj and
Fuchs 2010; Naug 2014). Clearly, organisms liv-
ing in large groups, such as honeybees inside
hives, are particularly vulnerable to parasite trans-
mission and disease (Klein et al. 2017; Kurze et al.
2016), as occur when a colony has been exposed
to Varroa destructor . Detrimental effects of par-
asitism on host fitness are usually attributed to
parasite-associated disturbances to host energy
budgets (Agnew et al. 2000; Careau et al. 2010),
sometimes provoking changes in the metabolic
rate of the resting host (Robar et al. 2011). Luong
et al. (2017) showed that when fruit flies (Dro-
sophila hydei ) were exposed directly to the ecto-
parasitic mite Macrocheles muscaedomesticae ,
their energy expenditure increased by 35% com-
pared to flies with indirect contact, and to more
than double the energy expenditure of uninfected
flies. This is explained by the activation of the
immune system, which might interfere with ener-
gy turnover or signaling mechanisms (Klein et al.
2017); the cost would result from maintaining
defenses in a state of readiness (Bozinovic et al.
2013; Catalán et al. 2011, 2012a, b; Moret and
Schmid-Hempel 2000; Schmid-Hempel 2008),
reducing another component of the host’s fitness
(Ardia et al. 2012; Otálora-Ardila et al. 2016).
This trade-off between different fitness compo-
nents leads to differences in how much defense
is used (Frank and Schmidt-Hempfel 2008). How-
ever, it is known that Varroa destructor activates
the transforming growing factor beta or TGF-β-
induced pathways in the bee to suppress wound
healing and part of the immune response, and that
the collective action of stressors intensifies these
effects (Erban et al. 2019).

In this work, we tested the effect of mites on the
energy expenditure of individual honeybees under
laboratory conditions. We also tested whether and
by how much the survival rate in individual hon-
eybees is affected by the number of mites.
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2. MATERIALS AND METHODS

Honeybees (Apis mellifera ) were kept in an
apiary with six colonies located in Mediterranean
agroecosystems of Central Chile (34° 03′ S; 70°
41′ W); this apiary applies strict sanitary control
for all diseases, especially against Varroa
destructor , to ensure healthy bees with an infes-
tation rate lower than 2%. A second apiary with
three colonies located at our laboratory (33° 22′ S;
70° 36′ W) is managed to have mites, so in this
case, no treatment was applied, and worker or
drone brood production was stimulated to obtain
a major number of mites from each frame. During
the late spring and summer of 2017–2018, we
obtained worker brood frames from the healthy
colonies and moved them to a climate-controlled
chamber at an ambient temperature (TAcclim) of 32
± 1.2 °C, humidity 55 ± 5%, and photoperiod L:D
= 0:24 (Hartfelder et al. 2013). The worker brood
remained in the chamber for the last 5 or 6 days as
sealed brood. Emerged bees were kept in small,
randomly grouped units of one hundred and fed
with 50% sugar syrup and amino acids/vitamins
(Promotor L®) solution for 6–10 days before use
in the study. We conducted in vivo assays,
selecting 30 honeybees from different units and
assigning them at random to each of three treat-
ment groups: (a) group T 0 (0 mites, control
group), (b) group T 1 (single honeybee treated
with 1 mite), and (c) group T 2 (single honeybee
treated with 2 mites). At the same time, we pre-
served infested brood (worker and drone brood) in
a second chamber under the same conditions to
rear mites according to Dietermann et al. (2013).
We obtained mites from sealed brood selecting
only darker females. Before starting each assay,
enough mites were obtained to apply the treat-
ments in each group of bees. The mites were kept
in Petri dishes in a chamber for at least 3 h tomake
them hungry (Dietermann et al. 2013).

2.1. Metabolic rate

Honeybees were weighed in an analytical bal-
ance (± 0.0001 g; JK-180, Chyo, Kyoto) and we
used only bees between 85 and 110 mg. Then one
or twomites were placed directly on each beewith
a brush (T 1 and T 2 groups). The bee was left

alone and without movement in an Eppendorf
tube in the chamber for 1 h to obtain direct,
effective parasitization. We made constantly visu-
al inspections to try to identify if the mite fed or
not on the bees (for instance, change in bee be-
havior or localization of the mite on the bee), if
not, we remove the mite or if was necessary, we
used a new bee and mite. In the case of the control
group, the same procedure was followed but with-
out mites. Ten resting bees per treatment were
used, defining a resting bee as “no or only small
visible signs of activity like small movements of
antennae or single legs” (Kovac et al. 2007). After
that, the rates of CO2 production (VCO2) were
determined using an open-flow system consisting
of a glass metabolic chamber as suggested by
Lighton (2008) and Lighton and Halsey (2011).
Each honeybee was placed in the metabolic cham-
ber and this was placed in a temperature-
controlled incubator at 32 °C for 3 h. Air was
drawn from the environment and CO2 was
scrubbed with a Drierite column; then VCO2

was recorded continuously (Hartfelder et al.
2013; Lighton 2008). The sample passed directly
to the CO2 analyzer (Sable system) with a flow of
150 ml/min. Data were transformed from percent-
age to volume per min and the total CO2 produc-
tion per individual was calculated with the
EXPEDATA program (Sable Systems)
(Chappell and Rogowitz 2000; Hartfelder et al.
2013). During all process, bees were restricted in
water and food supply. With this information, a
relationship was calculated for each treatment
group between VCO2 and number of mites
(Kovac et al. 2007; Stabentheiner et al. 2012).

2.2. Survival

To measure the survival probability, single
bees were exposed to parasitization by 0, 1, or 2
mites in Petri dishes with supply of sugar syrup
and water ad libitum. Each sample was kept in a
chamber under the same conditions as before (T
Acclim = 32 ± 1.2 °C, humidity = 55 ± 5%, L:D =
0:24). The viability of the mite was checked every
day. Any mite that was in poor condition like low
reaction with a brush, limited mobility, or if it was
not on the bee, was removed and replaced with a
new one. The survival test was performed over a
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total of 8 days’ observation with 10 bees per
treatment and 4 repetitions each. A total of 40
bees were included in each treatment.

2.3. Statistical analyses

Statistical analyses were performed using the
STATISTICA® (2001) version 6.0 statistical pack-
age for Windows®. To compare the metabolic rate
data, we used a one-way ANOVA and a posteriori
Tukey test for multiple comparisons. Data fulfilled
the assumptions of the tests. The predictor variable
was the number of mites and the dependent variable
was the metabolic rate, VCO2 (μL min−1). Results
are reported as mean and standard errors (SE).

For survival data, a Kaplan and Meier test was
performed first for each treatment to obtain the
survival probability, being 0 for censored and 1
for alive cases by day and treatment (0, 1 or 2
mites, as grouped variable). Then, a Log-Rank test
was applied subsequently to determine whether
the differences between all groups were signifi-
cant or if a separate comparison between control
groups versus each infested group was it.

3. RESULTS

3.1. Metabolic rate

Mean VCO2 was 3.14 ± 0.34 μLCO2 min−1 in
the control group (ranged between 2.12–4.26
μLCO2 min−1), 4.03 ± 0.34 μLCO2 min−1 in the
T 1 group (2.59–4.91 μLCO2 min−1), and 6.44 ±
0.34 μLCO2 min−1 in the T 2 group (4.59–8.15
μLCO2 min−1). The ANOVA test revealed that
the number of mites significantly affected VCO2

in each bee (F (1, 27) = 25.81, p < 0.000001) but
the a posteriori Tukey’s test revealed that the
difference is significant only between T 0 and T 2

and between T 1 and T 2 (Figure 1). Although, the
metabolic rate in bees treated with one Varroa
increased on average by 1.3 times in comparison
to the control group, the main effect is observed
between bees with T 2 versus T 0 group (it in-
creased on average by 2.0 times, producing 3.30
μLCO2 min−1 more than the control group), and
between T 2 versus T 1 group (increasing on aver-
age 2.41 μLCO2 min−1 more).

3.2. Survival

Figure 2 shows the results of survival probabil-
ity obtained between groups. After the Kaplan and
Meier test, the survival probability obtained is
57.5% in the control group (T 0), 42.5% in T 1

and 40.0% in T 2. Even when the probability of
survival is 15% (T 1) to 17.5% (T 2) less than in
bees without Varroa , this difference is statistical-
ly not significant according to the Log-Rank test
(p = 0.283). If we compare between T 0 and the
infested bees, the Log-Rank test is not significant
for T 1 (p = 0.519) as for T 2 (p = 0.133) group.

4. DISCUSSION

The effect of parasitism in its broadest sense
involves metabolic changes in the host, reduction
in the growth rate of juveniles and decreasing
survival of hosts (Agnew et al. 2000; Careau
et al. 2010). Our experiment illustrates at physio-
logical and life-history levels how the parasite
Varroa destructor plays a large, if not the largest,
role in the high rate of colony losses registered
around the world (Evans and Cook 2018; Klein
et al. 2017; Ramsey and van Engelsdorp 2016;
Ramsey et al. 2018; Requier et al. 2018). Our
results strongly suggest the importance of mites
feeding on adult bees in the non-reproductive
phase. Our main results can be summarized as
follows: Varroa provokes an effect on the metab-
olism of resting bees (Frank and Schmidt-
Hempfel 2008; Luong et al. 2017; Sadd and
Schmid-Hempel 2009; Schmid-Hempel 2008);
as expected, the presence and number of mites
significantly affect the energetic cost of living by
increasing the metabolic rate in resting bees
(Schmid-Hempel 2008; Luong et al. 2017), as
other bee parasites do (Alaux et al. 2014;
Bordier et al. 2016; Kralj and Fuchs 2010; Naug
2014). These results contradict Robar et al.
(2011), who did not detect an effect on the meta-
bolic rate of hosts, although this does not reflect
an absence of parasite-associated effects on the
host’s metabolic rate within systems. As men-
tioned above, the metabolic c (Bozinovic et al.
2013; Catalán et al. 2011, 2012a, b; Hartfelder
et al. 2013; Kovac et al. 2007; Stabentheiner et al.
2003; Stabentheiner et al. 2010; Stabentheiner and
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Kovac 2014; Luong et al. 2017; Schmid-Hempel
2008). The bees in this study were of the same age
and race, kept at the same temperature, with no
activity, and no signs of disease at the beginning
of the assays. Our results for the control group
bees (T 0) were similar to those found in healthy,
middle-aged bees (Blatt and Roces 2001; Kovac
et al. 2007, 2014; Stabentheiner and Kovac 2014);

however, the energy cost increased in parasitized
host bees as happens in chipmunks (~ 7.6% more
for each parasite) or flies (~ 35% more) (Careau
et al. 2010; Luong et al. 2017; Naug 2014). No
reports were found for metabolic rates in bees
infested by V. destructor , therefore no data were
available for comparison; the metabolic rate in our
bees was close to that of bees measured at 40 °C
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Figure 1. Effect of different numbers of the ectoparasite Varroa destructor on the metabolic rate of honeybees.
Values are reported as mean ± 1 SD. Letters beside symbols refer to significant differences at p < 0.05 within each
treatment group using a post hoc Tukey’s test for multiple comparison. Groups were T 0 = nomite, T 1 = one mite, T 2

= two mites.

Time (days)
0 2 4 6 8 10

ytilibaborplavivruS

0.0

0.2

0.4

0.6

0.8

1.0

 T0
 T1 
 T2 

Figure 2. Survival rate between treatments using Kaplan-Meier Test with different loads of Varroa destructor over
time (days). Treatments were as follows: T 0 = no mite, T 1 = one mite, T 2 = two mites (see text).
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by Stabentheiner et al. (2003). When the parasite
affects a single bee or an entire colony, there is an
energy cost which will vary according to infesta-
tion level, virus presence, nutrition, external stress
factors, age, race, beekeeping management, im-
mune system activation, etc. (Agnew et al. 2000;
Careau et al. 2010; Emsen et al. 2015; Erban et al.
2019; Locke et al. 2014; Sadd and Schmid-
Hempel 2009; Rosenkranz et al. 2010). The final
effect is a reduction in the fitness of the family,
and the major colony losses explained by the
presence of V. destructor (Kurze et al. 2016;
Kang et al. 2016; Neumann and Carreck 2010;
Ramsey et al. 2019). Infestation induces high
energy expenditure (increased energy turnover
according to the number of parasites) and overuse
of fat body (Blatt and Roces 2001), generating an
allocation of energy to activation of the immune
system (Bozinovic et al. 2013; Catalán et al. 2011,
2012a, b; Garrido et al. 2016; Luong et al. 2017;
Moret and Schmid-Hempel 2000; Schmid-
Hempel 2008); the quantities of some enzymes
are decreased or increased in the wounding pro-
cess and foraging compounds are injected during
parasitism (Ardia et al. 2012; Koleoglu et al.
2017; Otálora-Ardila et al. 2016; Żółtowska
et al. 2005). Additionally, parasitized bees weigh
less, have a lower protein content, and suffer a
drastic reduction in longevity (Nazzi and Le
Conte 2016; Ramsey and van Engelsdorp 2016).
When Varroa mites feed on bees, they extract
lipids or fatty acids from the feeding wounds that
they scrape into the host (Evans and Cook 2018),
affecting their reserves of energy (Ramsey et al.
2018; Ramsey et al. 2019) or their energy-
producing capacity (Blatt and Roces 2001). As
Figure 2 shows, the survival probability of single
honeybees is not significantly different between
control group and infested bees maybe due to the
small samples size, but it is possible to see a
reduction of survival probability when more par-
asites are present (Alaux et al. 2014; Bordier et al.
2016; Kralj and Fuchs 2006, 2010; Naug 2014).
These results agree with previous reports on mor-
tality rates in colonies parasitized by Varroa
destructor (Lee et al. 2010; Schäfer et al. 2010;
Rosenkranz et al. 2010).

Apart from our physiological data, no reports
were found about the effect of Varroa on bees’

individual survival. We adopted this approach
because V. destructor is the only threat to honey-
bees that increases the risk of other pathogens,
pesticides, and poor resources in their environ-
ment (Evans and Cook 2018). Overall, the num-
ber of mites increases the energetic cost of living
in single honeybees, we hypothesized that this
happened probably through activation of the im-
mune system and direct damage to fat body,
resulting in a survival cost. The metabolic cost
of immune system activation is nearly 30% in
insects (Ardia et al. 2012) and could be higher in
vertebrates (Careau et al. 2010; Otálora-Ardila
et al. 2016). Thus, in our case, the immune re-
sponse triggered by the Varroa mite entails a
higher cost of maintenance and corresponding
fitness (survival) costs.

It has previously been recommended in practi-
cal beekeeping to control Varroa mites due to the
risk of virus transmission, keeping the number
below a certain economic threshold. These find-
ings confirm the importance of keeping Varroa
numbers low because of the direct effects of
parasitization.

Summarizing, the energy cost for the bee is
higher when it is parasitized, increasing by 1.3
and 2.00 times when the individual has one and
two mites, respectively. This means more energy
expenditure related to the number of mites on each
bee.

The survival probability was not significantly
affected by the number of mites but the survival is
reduced by 15% and 17.5% when the bees are
parasitized with one or two mites, respectively.
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