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Abstract
After varroa invaded Europe in the mid of twentieth century, a few populations
of honeybee colonies have been found to survive the mite. This chapter
describes the case of natural selection of honeybees in France against varroa.
Different hypotheses have been tested to explain this phenomenon, such as
resistance of the bees to the mite or to the associated viruses and the lower
virulence of the mites. We found that the reproduction of the mite and/or the
varroa sensitive hygiene are probably key factors in the survival of those bees.
Other varroa resistant honeybee populations have been found in several other
countries and are also described as well as the putative mechanisms of survival.
Finally, we discuss the interest of those bees for scientists and beekeepers in the
framework of honeybee selection and describe the successful approaches lead by
scientists for honeybee selection on a specific trait.

When the varroa mite started to invade Europe in the mid of twentieth century,
untreated honeybee colonies could not survive more than 1 or 3 years as the number
of mites could sometimes exceed 10.000 per colony. As a result, many untreated
colonies, particularly feral colonies, died. Few acaricides were used to control the
mite and, as it does happen commonly in pest control, the mite became resistant to
fluvalinate, a pyrethroid previously very efficient (Milani 1995). Up to now, the
mite has become resistant to most of the chemical acaricides, except for amitraz in
France. Having only one acaricide efficient for controlling the mite is a stressful
situation which requires investments in the setting up of other acaricides with
different targets to allow the rotation of treatment and so avoid varroa resistance.
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Indeed, other varroa control methods have been set up, including physical or
mechanical controls as well as the use of more ‘natural’ chemical compounds such
as acids and essential oils. But those methods are usually time-consuming and with
a variable efficacy. Interestingly, since the mite invaded Europe, its biology and the
varroa/honeybee relationships have been extensively studied leading to the publi-
cation of many scientific articles and making this host–parasite model one of the
most extensively studied (Rosenkranz et al. 2010).

Nevertheless, in 1994, feral and abandoned untreated colonies were observed to
have survived for a few years in the west of France. To confirm this phenomenon,
with the help of beekeepers, we collected 70 honeybee colonies which had been
untreated for at least 3 years and looked well developed and healthy. Colonies
collected in the north of France were placed in an apiary in the west of France close
to Le Mans, and colonies collected in the south were placed in Avignon. The 70
colonies were observed for their survival, swarming, and honey production. They
were not managed for honey production but just left by themselves. The queens
were individually marked, and the colonies cheeked twice a month for health and
development. Interestingly, those colonies survived, on average, for 6.5 years, the
best being 15 years (Le Conte et al. 2007). This ability of bees to survive varroa
may be due to a honeybee tolerance or resistance to the mite or its associated virus,
to a lower mite virulence or to the environment.

To test the hypothesis of less virulent mites, we set up population molecular
markers, mitochondrial and nuclear (microsatellites) (Solignac et al. 2003; Navajas
et al. 2002) and sampled varroa mite populations in France, Europe, and few
different other countries. We did not find genetic variability and concluded that the
mites had a clonal population structure at this time (Solignac et al. 2005). It means
that if the mites were less virulent, this would have been based on a limited number
of genes. We also looked at the viruses present in the surviving bees compared to
sensitive ones and found that the surviving bees had fewer viruses. We injected the
bees with virus and could not find differences in survival between the two kinds of
bees, suggesting that the surviving bees had fewer viruses because they had fewer
varroa mites (see below), as described in Büchler et al. (2010).

Interestingly, when the mite first invaded our country, we could find high
numbers of mites (up to 10.000) in the honeybee colonies and limited deformed
wing virus (DWV) symptoms. A few years later we observed the opposite, i.e.,
lower numbers of mites in the colonies and higher DWV symptoms (Le Conte
personal communication). It has been demonstrated that the varroa mite can
actively modify DWV population structure in honeybee colony populations (Martin
et al. 2012) as it can also do for other viruses (Mondet et al. 2014). More recently,
we looked at the DWV in our resistant populations in the west of France compared
to sensitive honeybee colonies and found a different recombination event between
this virus and the Varroa destructor virus (VDV), which is very close to DWV
(Dalmon et al., accepted in Scientific Reports). This virus could have evolved into a
less virulent form which could explain part of the survival ability of those bees. To
conclude this virus story, we must acknowledge that there are strong interactions
between the mite, the viruses, and the honeybee host, and that the viruses can
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evolve and mutate reducing or even increasing their virulence to the bees. So
nothing is fixed in those interactions which change over time.

We also tested the resistance hypothesis of those varroa surviving bees. Resistant
hosts are able to maintain the parasite population at lower levels than what sus-
ceptible hosts face. Varroa population dynamics are much more important in sen-
sitive colonies compared to our surviving colonies (Buechler et al. 2010). This may
be due, at least partly, to the development of social immune strategies by the
colonies. Indeed, the varroa mite reproduces less in our varroa-resistant bees com-
pared to sensitive bees from colonies set in the same apiaries (Locke et al. 2012) and
on many occasions female mites fail to effectively reproduce. This trait is known as
Suppressed Mite Reproduction (SMR, see Harbo and Harris 2005). In the USA, a
population has been bred for survival to varroa, initially through selection of lower
mite growth in the colonies (see below). It has been shown that the colonies present
the SMR trait, and this phenomenon is due to a behavior of adult bees that actively
target and remove brood cells that are infested by varroa. This mechanism is called
Varroa-Sensitive Hygiene (VSH) and is a specific form of hygienic behavior.
However, it is possible that colonies display signs of mite reproduction failures
(SMR) if infested bee larvae or pupae inhibit mite reproduction. This mechanism and
VSH are being investigated in the French surviving populations and will help
decipher the mechanisms underlying the SMR trait (Mondet et al. 2016).

In addition, based on the grooming behavior, we developed controlled behav-
ioral experiments to test the ability of the bees to recognize and attack the mite. We
found that resistant bees are doing much better compared to sensitive bees (Martin
et al. 2001). Gene expression analysis has also revealed that the resistant bees
overexpress genes related to stimuli and olfaction (Navajas et al. 2008), which fit
with the fact that their antennae are more sensitive to varroa odorant compound
compared to sensitive bees (Martin et al. 2001). It is interesting to notice that
antennae of bees which express VSH behavior overexpress genes related to
olfaction (for instance, odorant-binding proteins) (Mondet et al. 2015).

Moreover, comparing propolis harvested by sensitive or resistant colonies in the
same location had shown that concentration of caffeic acid and caffeates was higher
in propolis collected by our surviving colonies. Those compounds have pronounced
and diverse biological properties on honeybee health (Popova et al. 2014). More
studies are needed to confirm the hypothesis that surviving bees would be more
capable to go to the ‘pharmacy’ to fight diseases.

What has happened to these bees since we published those results in 2007? Once
every two years, we graft queen larvae from the three best colonies in each apiary
(west and south of France) to get 20 colonies. The queens are naturally mated by
local drones. About 30–35% of the colonies die within 18 months, but the rest of
the colonies are good candidates for surviving to the mite, so the stock still survives
efficiently.

We are focusing on the varroa mite survival, but it should be clear that those
colonies are also resistant to other pathogens as they are not treated ormanaged against
any disease. Those survival colonies swarmed (about 40%depending on the year) and
similar varroa-treated colonies produced 1.7 times more honey (Le Conte et al. 2007).
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The next step in this research is to investigate how those colonies would behave,
regarding varroa load and honey production, when they are managed under standard
beekeeping management. Preliminary trials show that they can survive in a profes-
sional beekeeping environment. Further, breeding efforts or compromises may be
required to get the surviving colonies to the standard of honey production expected by
the industry. Nevertheless, the surviving populations give evidence that untreated
local honeybee colonies can survive themite, which can provide an important basis for
integrated varroamanagement. Moreover, those honeybee populations are interesting
for the beekeeping industry, but also at an ecological point of view, as they are
potential sources for generating feral colonies which are keys for pollination espe-
cially in areas where domestic beekeeping is not concentrated.

There are other honeybee populations naturally surviving Varroa. The best
example would be the Africanized bees (AFB) which invaded the Americas from
Brazil to the southern states of the USA. Initially considered as a pest because of
their aggressiveness, they survive numerous stresses. It has been shown that varroa
offspring mortality is a major component of this resistance phenomenon (Mon-
dragon et al. 2006). More recently, Rivera-Marchand et al. (2012) described similar
AFB populations in Puerto Rico. They are surviving the mite, but do not show
similar aggressiveness. It is surprising to notice that beekeepers in America are not
interested in taking advantage of those naturally varroa surviving bees as they could
try to select against aggressiveness, or even import bees from Puerto Rico.

Other naturally surviving populations have been recently identified in Norway
and in the Netherlands. At the moment, European scientists are exchanging queens
to look at the effect of the environment on the survival of the bees (COLOSS,
Ricola Foundation Program; The Persephone Charitable and Environmental Trust).

Other varroa-resistant honeybee populations have been obtained through human
selection. This is the case in Sweden (Fries et al. 2006) and in France (Kefuss et al.
2004). The scientists used what they called the ‘Bond’ test: ‘Live and let die.’
Basically, they brought a large number of colonies from different strains in the same
location and observed the survival. It is a slightly different approach than ours as in
our case, the colonies were already observed as surviving in a local environment.
This approach was successful and led to numerous scientific publications (Locke
2016).

Another step in the selection of bees resistant to the mite is to choose a trait to
select for, hypothesizing that it would lead to resistant bees. As an example, this
quantitative genetic approach has been successfully developed by the USDA in
Baton Rouge (USA) using the SMR (Harbo and Harris 2005) and the VSH traits
(Harbo and Harris 2009) as a basis for selection.

It is well known that Apis cerana (the original host of varroa) is varroa resistant
since colonies of Asian honeybees do not die from mite infestation; we now know
that it can be the case also for Apis mellifera as naturally Varroa surviving honeybee
colonies occur in different places. Different causes can explain that phenomenon,
such as individual and social immunity, olfaction, propolis, viruses, varroa repro-
duction, swarming. The causes may not be the same in the different bee popula-
tions, but the good news is that Apis mellifera can survive Varroa mite infestations
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without treatments. We have surviving bee populations available from naturally
surviving, ‘bond test’ and trait-based selected populations. This is an enormous
chance that we have to take and go further in selecting varroa-resistant bees from
the populations we want to work with.

Different tools should be used in the future to help beekeeping on this task in the
framework of IPM. One could be to identify the compounds involved in the
recognition of the mite by the honeybees and use them to evaluate the ability of the
colony to destroy the mites in beekeeping. We have recently identified chemicals
which are good candidates in this framework. Another possibility is to search for
genomic markers, as SNPs, which could be linked to the SMR and/or VSH
behavior. Those could also be used as markers to select resistant bees.
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