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The parasitic mite Varroa destructor is the greatest single driver of
the global honey bee health decline. Better understanding of the
association of this parasite and its host is critical to developing sustainable management practices. Our work shows that this parasite is
not consuming hemolymph, as has been the accepted view, but
damages host bees by consuming fat body, a tissue roughly analogous to the mammalian liver. Both hemolymph and fat body in
honey bees were marked with fluorescent biostains. The fluorescence profile in the guts of mites allowed to feed on these bees
was very different from that of the hemolymph of the host bee
but consistently matched the fluorescence profile unique to the fat
body. Via transmission electron microscopy, we observed externally
digested fat body tissue in the wounds of parasitized bees. Mites in
their reproductive phase were then fed a diet composed of one or
both tissues. Mites fed hemolymph showed fitness metrics no different from the starved control. Mites fed fat body survived longer and
produced more eggs than those fed hemolymph, suggesting that fat
body is integral to their diet when feeding on brood as well. Collectively, these findings strongly suggest that Varroa are exploiting
the fat body as their primary source of sustenance: a tissue integral
to proper immune function, pesticide detoxification, overwinter
survival, and several other essential processes in healthy bees.
These findings underscore a need to revisit our understanding of
this parasite and its impacts, both direct and indirect, on honey
bee health.

relatively high nutrient content. Insect hemolymph generally
consists of less than 2% cell content and has a generally dilute
nutrient profile (16, 17). In line with these facts, the concept of
hemolymphagy as the sole or main nutrient acquisition strategy
in insects has been addressed and largely refuted (13–15, 18–20).
Our current understanding of Varroa feeding behavior is based on
work conducted in the 1970s in which investigators used radioisotopes, [90Sr] or [3H], to conclude that the mites feed on their host’s
hemolymph (21–23). [3H] lacks consistency as a marker for targeting
specific tissues and has since fallen out of favor (22, 23). [90Sr] was
used as a marker for hemolymph because of its tendency to replace
calcium in tissue but the abundance of calcium in both hemolymph
and fat body makes it impossible to identify a host meal in the
presence of both tissues via this method. The issues with using either
isotope for this purpose would be further exacerbated if Varroa
employed extraoral digestion like most mesostigmatids, because
liquid and semisolid tissues would dissolve together in the host before consumption. Attempts to develop systemic chemotherapeutics
during the same period (miticides fed to the bees and consumed by
the mites when they feed) consistently ended in failure, and as such,
none are currently commercially available (1, 24). This is expected if
the target host tissue has not been accurately identified. However,
despite the failings of the experimental evidence and the existence of
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Varroa destructor causes considerable damage to honey bees
and subsequently the field of apiculture through just one
process: feeding. For five decades, we have believed that these
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Fig. 7. Mites fed honey bee fat body tissue survived longer and produced more eggs than mites provisioned with hemolymph. High mortality was observed across
treatments, likely because of the artificial setting. After 3 d, mites receiving 0%:100% and 25%:75% hemolymph:fat body as their diet maintained survivorship at
60%, while the 100%:0% hemolymph:fat body and the starvation control had already exhibited full mortality. Final sample size consisted of 15 mites per treatment.
(A and B) Survivorship curve showing starvation control and all five host tissue diets (A). (B) Representation of the same data with levels combined that show no
difference in survivorship. Note: mites provisioned hemolymph and mites given no food showed no difference in survivorship. However, survivorship differed
substantially between the hemolymph treatment and all treatments given any level of fat body (χ2 = 16.1, P < 0.001). (C) Egg production differed between treatment
diets (ANOVA: P < 0.004). A positive linear relationship was observed between egg production and the amount of fat body in the diet of the mite (R2 = 0.7894). (D)
Average survivorship of mites differed by diet. Survivorship and the ratio of fat body by volume adhere to a strong positive linear relationship (R2 = 0.9634).
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