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t was suggested long ago that some genetic lines of honey bees

resist infestation by tracheal mites. This possibility received little

attention through many decades of this century, but the rise of
mite associated problems in North America in the 1980s and 1990s
prompted renewed interest in mite control techniques. Recent scientif-
ic inquiry has revealed much about genetic resistance to tracheal mites
and beekeepers can use this knowledge to incorporate resistance into
mite management strategies.

There are several important benefits of using resistant bees rather
than chemicals to manage mites. A genetic resistance approach is less
labor intensive and less expensive. After a queen of a resistant bee
stock is installed in a colony, mite control is complete for at least as
long as the queen lives, and a daughter queen may also provide useful
level of resistance. When resistant bees are used, less acaricides are
needed, and this reduces the exposure of bees and beekeepers to pesti-
cides.




Mites of the Honey Bee

History. Anderson?’, writing about the outbreak of Isle of Wight disease
in England that began at the turn of this century, noted that as early as
1911 some colonies of bees apparently were less susceptible than others
to the problems that later were determined to be caused by tracheal
mites. Anderson submitted a proposal in 1918 to test for resistance to
the disease, but his application was denied; the beekeeping world per-
haps lost an early chance to learn how bee stocks could be bred to resist
hazards. Still, Anderson believed that genetic resistance would be the
ultimate solution to the disease. He noted that the virulence of the dis-
ease subsided in an area through time, suggesting that surviving bees
were resistant to the causative agent. He debated this issue with a Mr.
[llingworth in the pages of Bee World in 1930 and 1931, and put forth
ideas that we now know are correct.

Brother Adam at Buckfast Abbey in southwest England began
breeding in 1916 from colonies that had survived the early tracheal
mite problems. Colonies susceptible to mites probably were eliminated
quickly from the breeding pool, given that an estimated 90% of
colonies in England were killed. Adam' related that he first saw clear
evidence of genetic control of mite susceptibility in 1922 and 1923
when two sister breeder queens of Italian origin produced daughter
colonies that differed greatly in susceptibility to tracheal mites. His
breeding of the Buckfast stock continued throughout the next seven
decades with an emphasis on traits such as brood production, low
swarming, etc., while the local intense pressure from mites was thought
to have promoted mite resistance in the bees.

One beekeeping trial supported the contention of tracheal mite
resistance in Buckfast bees. Calvert’, in Ireland, reported that he was
able to overcome severe mite infestations within 12 months by
requeening his infested colonies with either pure-mated Buckfast
queens or with Buckfast queens mated to his own susceptible stock.

Subsequent to the devastation wrought by the mites early in this
century, tracheal mite problems declined in Europe and the mites are
now considered to be only an infrequent problem”. This suggests that
natural selection rendered European bees comparatively resistant to the
parasite. However, it has not been established clearly that this is the
case. Studies regarding possible differences in susceptibilities of mite-
exposed European bees and non-exposed North American bees led
Bailey’* to conclude that British and American bees were equally sus-
ceptible. Yet it also has been argued that Bailey’s data do in fact support
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the view that non-selected American bees were more susceptible than
British bees'. There were no other investigations of possible resistance
to tracheal mites in European bees, and seeking out and using resistant
stock does not appear to have been a priority for European beekeepers.
An apparent lack of need for active tracheal mite control is further cir-
cumstantial evidence that the susceptibility of European bees generally
declined through years of exposure to tracheal mites.

Definitions. The term resistant is used to mean that it is unlikely that
many bees in the described colony or population will become infested
when exposed to tracheal mites. Colonies or populations in which few
bees become infested are less likely to suffer damage or be killed by
mites than are others which become highly infested”. Resistant bees are
not immune to mite infestation. Rather, in the presence of mites,
resistant colonies tend to have infestations that remain relatively low
while susceptible colonies will tend to become infested to the point of
being severely damaged or killed. It must be stressed that these infesta-
tion patterns are probabilities, not certainties, and resistant bees on
occasion may be damaged by mite infestation. The term tolerance is less
applicable than the term resistance because there are no data showing
that colonies can perform well when infested with tracheal mites at
levels known to cause problems (that is, when more than 15-25% of
worker bees are infested in the autumn). Honey bees apparently are
simply not able to tolerate high mite infestations.

Terminology suggested by the American Society of Parasitologists
allows clear communication about the relationship of bees with their
mite parasites. The percentage of mite-infested worker bees in a sample
(or of infested colonies in a group) is called the prevalence. The num-
ber of mites per individual infested bee is the mite intensity, while the
average number of mites per bee overall in a sample is the mite abun-
dance. Fecundity refers to the number of offspring produced per female.

Scientific evidence of resistance. Soon after tracheal mites were found
to cause severe beekeeping problems in North America, research in the
United States and Canada turned to finding solutions to the mite prob-
lem. Several intensive searches for genetic resistance were among the
research efforts. It did not take long for scientific inquiry to document
that different lines of bees do indeed differ in susceptibility to the
mites.
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Gary & Page' showed that different lines of bees having lesser and
greater susceptibility to the mites can be selected from a common pop-
ulation. A key to their research was to develop a comparative testing
protocol whereby different bee lines are simultaneously exposed to a
uniform source of mite-infested bees. Page & Gary” furthermore
showed that the differences in response to mites had a genetic basis.
These findings together demonstrated that bee selection and breeding
might provide a solution to beekeeping problems caused by tracheal
mites.

Studies using comparative tests in Canada found significant varia-
tion in resistance to tracheal mites among bees from commercial
sources®, and also within a closed population of bees originating from
queens produced in California®.

The longstanding reputation of Buckfast bees being resistant to tra-
cheal mites garnered research attention, and this stock has been the
richest source of material for study. Buckfast bees maintained commer-
cially in the United States were tested first. Colonies maintained low
mite prevalences when compared with another commercial U.S. stock
during a 7-month test’’. Variance in the responses of Buckfast colonies
suggested that the stock was not uniformly resistant.

Queens of Old World Buckfast stock were imported in 1990 from
Great Britain to the United States and Canada for testing. In the
United States, Buckfast bees went through a standard Department of
Agriculture (USDA) quarantine procedure and then were put immedi-
ately into a field test conducted in four commercial beekeeping opera-
tions. In comparisons with three other stocks, Buckfast bees had low
mite prevalences during the 1-year test and had other desirable traits
such as good honey production and survivability".

In Canada, work at the University of Guelph found that Buckfast
both from England and the United States had lower mite prevalences
and abundances than a standard Canadian stock”. Colonies within all
stocks varied in response to the mite, suggesting that selection could
further enhance resistance. Hybrids of British Buckfast and Canadian
stocks generally had the superior resistance of the Buckfast parent.
These tests were conducted using both a short-term assay of test bees
placed into infested colonies (similar to Page & Gary?"), and a field test
in standard colonies for seven months. An important finding was that
the two test methods gave comparable results, meaning that the short-

term test is valid for evaluating the resistance of a stock. Further
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research also showed a congruence of results from field tests and short
assays’. In sum, a variety of independent scientific tests verified earlier
reports from beekeepers that Buckfast bees are resistant to tracheal
mites.

Carniolan bees were imported from Yugoslavia by the USDA in
1989 and were found to resist tracheal mite infestation under commer-
cial beekeeping conditions'*'’. When hybridized with British Buckfast
bees, the F; colonies resisted mite infestation as well as, but not better
than, the parent stocks, which were about equal in resistance'. The
Yugoslavian bees were released by the Agricultural Research Service of
the USDA as ARS-Y-C-1 Honey Bee Stock and have been available to
the U.S. beekeeping industry since 1993.

Another importation of potentially mite resistant stock was made
by Morse and comprised queens donated by beekeepers in Great
Britain?2. Worker bees from these British queens were found not to be
strongly resistant to tracheal mites when compared to bees of other
lines". The imported British stock was distributed to some North
American beekeepers for cooperative testing, but was largely aban-
doned for beekeeping use.

The attempts of several individual beekeepers in the United States

30,31

to develop resistant stock have been publicized. Taber’®™' outlined a
method whereby a queen producer could select among potential breed-
er queens for mite resistance. He later offered mite resistant queens for
sale. Hines, a southern Arizona beekeeper, teamed with USDA scien-
tists in a resistance improvement program. No acaricides were used in
Hines’ entire operation of 600-700 colonies. New queens were raised
from colonies that had low mite prevalences and mated to drones from
other surviving colonies; these queens were then used in colonies made
up to replace those that had died. Within four years, colony mortality
apparently due to tracheal mites decreased from 33% to about 3% in
the operation®. Webster selected for mite resistance for several years by
propagating from colonies that were thriving among others damaged or
killed by parasitism in his Vermont apiaries”. In a field test, two of
Webster’s lines and Buckfast bees had relatively low mite prevalence".
Bees of a cross between Morse’s British stock and some of Webster’s
selected lines generally had intermediate mite prevalences.

A common experience is that the impact of tracheal mites, as
gauged by colony mortality, first increases but then decreases during the

first few years that mites are present in an area. Around Baton Rouge,
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