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ABSTRACT

After twenty years of research documented by nearly fifty papers on the subject, the chemical ecology of Varroa destructor is now somewhat clearer than in the past. Despite noticeable hurdles such as the lack of a convenient method for rearing the mite under laboratory conditions, several biologically active compounds have been identified in a work that has involved various research groups.

Chemical cues are used by V. destructor at all stages of the biological cycle both during the phoretic and the reproductive phases.

Some of the chemicals that were identified were patented for use in the control of the mite and one commercial product was developed including a formulation of varroa semiochemicals. However, to date, no semiochemicals are used for the control of the parasite.

Several problems make it difficult to develop semiochemical based products; among these are incomplete knowledge of some biological data, the complex interactions between the mite and its host and the distinctive characteristics of the hive environment. However, a few compounds such as attractants and those acting on reproduction have been identified and could be exploited to develop novel control methods once the details of their mode of action are better understood. Field research will then be needed to implement such compounds in the integrated management of the mite.

Keywords: Varroa destructor, control, semiochemical

The biology of Varroa destructor

Varroa destructor feeds on the hemolymph of the honeybee; to reproduce, the mite enters a brood cell before sealing (Boot el al., 1992). About 60 hours after sealing, the mite lays the first egg, then, at about 30 hour intervals (Martin, 1994), other eggs are laid until the bee pupa reaches the dark eye stage (Ifantidis, 1984). Mating occurs inside the cell as soon as the offspring reach the adult stage. Several factors can interfere with reproduction inside the brood cell, in particular overcrowding can negatively affect the number of offpsring per female (Martin, 1995). 

On the emergence of the adult bee, the varroa mother and the offspring which have reached the adult stage leave the cell. After spending a variable amount of time on an adult bee (phoretic phase) the mite reenters a brood cell to reproduce.

Semiochemicals are involved in nearly all the stages described.

Semiochemicals involved in the biological cycle of the mite

Phoretic phase

Once it has emerged from the cell where it reproduced or was born, the mite reaches an adult bee. Mites coming from brood cells are attracted more to adult bees than to larvae (Kraus, 1994; Zetlmeisl and Rosenkranz, 1994).

The identity of the compounds involved in the attractivity of adult bees is still unknown although several experiments (Endris and Koeniger, 1991; Kraus, 1994; Kuenen and Calderone, 1998) suggests that these semiochemicals are volatile compounds.

Reproductive phase

Chemical stimuli involved in cell invasion by the mite were studied by several authors (Le Conte et al., 1989; Rickli et al.,1992; Rosenkranz, 1993; Aumeier and Rosenkranz, 1995; Nazzi et al., 2001). Most studies dealt with the stimuli released by the brood and led to the identification of several compounds including esters of fatty acids, palmitic acid, saturated and unsaturated hydrocarbons.

The behaviour of the mite inside the sealed cell is influenced by chemical stimuli, in particular attraction to the host during the spinning of the cocoon by the larva is due to linear saturated hydrocarbons present on the larval cuticle (Rickli et al., 1994). The mites’ preference for the cell wall when this is covered by the cocoon is probably caused by semiochemicals emanating from the cocoon itself; saturated aliphatic alcohols and aldehydes identified by Donzé et al. (1998) may explain this preference.

Stimuli involved in the initiation of oogenesis and oviposition have been the subject of several reasearches. It is now clear that to reproduce, the varroa mite must come in contact with a bee larva in the first 12-24 hours after capping (Milani e Chiesa, 1990) but the contact with a bee larva is not sufficient on its own to trigger reproduction of the mite (Chiesa et al., 1989). Trouiller and Milani (1999) found that extracts of bee larvae significantly increased the reproduction of mites reared in treated cells. Unfortunately the identity of the stimuli triggering oviposition of the mite is still unknown.

On the other hand a chemical inhibiting the reproduction of the parasite, which is possibly involved in the density-dependent reduction of reproduction observed in multiple infested cells, was identified as (Z)-9-heptadecene (Nazzi et al., 2002).

Removal of infested cells by bees

Hygienic reactions towards mite infested brood are a well documented biological trait of the honeybee (Boecking and Spivak, 1999). The stimuli triggering hygienic behaviour are olfactory cues emanating from cells containing diseased brood (Boecking and Spivak, 1999) but their identity is still unknown. Stimuli coming from both the varroa mite and the brood were considered (Spivak and Downey, 1998; Gramacho et al., 1999; Aumeier and Rosenkranz, 2001; Martin et al., 2001, 2002). Recently an alkene released by the parasitized bee larvae was found to enhance removal of infested cells by bees (Nazzi et al., submitted).

The use of semiochemicals to control varroa

Present situation

A few patents related to behavior modifying chemicals have been submitted for the control of the varroa mite. To date only one product claiming to contain behaviour modifying chemicals has been advertised. The product, called Varoutest, was used to treat parts of brood combs and trap the varroa mite there. Results of field trials did not encourage the use of such product for control.

Thus, despite the research efforts and the identification of several compounds, semiochemicals have not yet found a use for the control of the mite. Several causes may be involved.

Constraints

The varroa mite is a parasite that is well adapted to the complex biology of its host, so behavioural and physiological reactions of the mite are influenced by several factors. Therefore the chemical communication between the parasite and its host is rather difficult to understand. As a result, our knowledge of the subject is still incomplete and important aspects of the mite’s biology (e.g. initiation of oogenesis and ovipostion) are still only partly understood.

Once a satisfactory picture of the mite’s chemical ecology has been achieved, other problems will need to be solved. Some aspects that may be relevant from this point of view are summarized as follows:

1) The mite spends much time attached to bees, in fact even cell invasion by the mite, which is the start of the reproductive phase, involves a nurse bees that act as a carrier for the invading mite. For this reason, possible attractants for the mite may not be sufficient on their own to affect the distribution of the mite inside the hive;

2) the reproductive phase, including oviposition, mating and development, takes place inside a sealed cell where a wax diaphragm separates the mite from the outside, making it difficult to reach the parasite;

3) the wax may adsorb apolar compounds released inside the hive, whilst volatile polar chemicals could well be adsorbed by the honey;

4) The strategies for the management of pests using behaviour modifying chemicals have been developed mostly for phytophagous insects. The same strategies may not be suitable in the case of the varroa mite.

Perspectives

To date, the development of a semiochemical based control method for V. destructor does not seem to be at hand; more research has to be carried out to achieve this task.

As stated in the introduction, semiochemicals seems to be involved in nearly all stages of the life cycle of V. destructor, but, from a practical point of view, they may be more or less important depending on which part of the mite’s biology they can interfere with. Models of varroa population dynamics (Fries et al., 1994) can help to pinpoint the crucial aspects of the mite’s life cycle (e.g. the reproductive rate) and enable investigations to be focused on the semiochemicals that are more likely to guarantee effective results.

More research will then be needed to develop novel control strategies for exploiting such chemicals. To do so, classical concepts such as mass-trapping may need to be superseded by more innovative ones possibly regarding manipulation of the parasite reproduction.
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