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Abstract

Varroa destructor was first detected in New Zealand in 2000. Subsequent severe colony losses suggested that mites were transmitting honey bee virus infections within colonies. The majority of our untreated, mite-infested study colonies died in autumn during investigations in 2002 and 2003. Serological testing of dead bees collected from these colonies in the summer of 2001/2002 revealed the presence of six viruses: cloudy wing virus (CWV), chronic paralysis virus (CPV), chronic paralysis virus associate (CPVA), sacbrood virus (SBV), Kashmir bee virus (KBV) and black queen cell virus (BQCV). Infectivity tests with extracts of live bees from these same colonies resulted in rapidly fatal infections in both the live adult bees and pupae injected with the extracts. Extracts of these test bees contained large amounts of a 30nm virus as visualised by electron microscopy, but which failed to react to antisera to six morphologically similar particles from honey bees. Further research is necessary to determine the identity of the virus and its relationship to the collapse of mite infested colonies in New Zealand.

 Keywords: NEW ZEALAND, Varroa destructor, viruses 

INTRODUCTION

Varroa destructor was discovered in New Zealand in April 2000 and is now established throughout the north half of the North Island. The presence of this mite has potentially serious consequences for many aspects of New Zealand’s horticultural, pastoral and agricultural industries. Honey bees (Apis mellifera) underpin about $3 billion of the New Zealand economy each year through pollination. The additional value of honey bee pollination of native flora is inestimable. Since the establishment of mites in the upper North Island there has been a 20% reduction in registered beekeepers (mainly hobby beekeepers) and a 10% reduction in managed colonies (M. Reid, National Apicultural Officer, AgriQuality NZ Ltd, 2002, pers. comm.). More than 40% of beekeeping businesses in the South Island are predicted to become uneconomic when V. destructor arrives there (Van Vuuren, 2002). 

There is increasing evidence that viruses are involved in the mortality of infested colonies (Ball and Allen, 1988; Faucon et al., 1992; Ball, 1997; Brřdsgaard et al., 2000). Honey bee viruses have been found at unusually high levels in dead adult bees and larvae from such colonies (Carreck et al., 2001). Furthermore, mites can acquire and transmit virus particles when they feed on the haemolymph of adult bees or developing pupae (Brřdsgaard et al., 2000).  

A number of different honey bee viruses have been implicated in colony losses in other countries. These include slow paralysis virus (SPV) (Ball, 1997), acute paralysis virus (APV) (Ball and Allen, 1988), deformed wing virus (DWV) (Bowen-Walker et al., 1999) and Kashmir bee virus (KBV) (Sammataro et al., 2000). Ten of the known viruses of A. mellifera, including APV and KBV, have been found previously in New Zealand (Allen and Ball, 1996; Anderson, 1988). The purpose of this study was to identify which viruses were present in infested colonies in New Zealand and determine if any of these could be responsible for the death of the colonies. This study is ongoing and only preliminary results are reported here. 

 

MATERIALS AND METHODS

Virus prevalence in colonies infested with V. destructor

In 2001, 30 honey bee colonies were established at two apiary sites in the Bay of Plenty region of the North Island of New Zealand. These colonies were not treated with acaricide, but managed as usual under regular observation until they eventually died. Samples of dead and live bees were collected monthly from November 2001 to April 2002, by which time most of the colonies had been lost. 

The samples were sent to Rothamsted Research in the United Kingdom for analysis as the required antisera were not available in New Zealand. The dead bees were extracted and tested by immunodiffusion against antisera to the following viruses: SPV, APV, DWV, KBV, cloudy wing virus (CWV), chronic paralysis virus (CPV) and its associate particle (CPVA), black queen cell virus (BQCV), and sacbrood virus (SBV). The bee extracts were also tested for CWV and DWV using an indirect ELISA.   

Extracts prepared from the live bees were injected into healthy young bees and pupae from uninfested colonies maintained at Rothamsted. These test bees and pupae were incubated at 33oC for five days. Test bees that died, and test pupae showing discolouration due to infection, were extracted and tested by immunodiffusion against the above antisera. Extracts from test bees and pupae were also examined under the electron microscope to check for the presence of virus particles.

Seasonal changes in viral prevalence

Twelve small honey bee colonies were established at the Mt Albert Research Centre, Auckland, New Zealand in November 2002. These colonies were not treated with acaricide for the duration of the study. Each colony had its mite population assessed at the start of the study, and monthly thereafter until it died. Samples of dead bees, live bees, dead brood (when present) and mites were obtained from each colony on a monthly basis. Monthly estimates of the amount of brood and number of live bees present in each colony were also made. The colonies that were still alive in May 2003 were assessed for the presence of American foulbrood (AFB) to ensure that this was not the cause of colony collapse.

The number of mites in each colony was assessed each month using the sugar-shake method (Goodwin and Van Eaton, 2001). The following equation was used to estimate the total number of mites in each colony (Goodwin and Van Eaton, 2001):


(Estimated bees in the colony)
(   Estimated bees in sample  )    x  Mites in sample  x  Brood multiplier  =  Mites in colony

Where:
Estimated bees in the colony = 15,000 per full Langstroth super
Estimated bees in sample = 300 bees per jar
Mites in sample = number of mites falling out of sugar shake during a 5 minute shake
Brood multiplier = a correction factor based on the assumption that when a colony is in full brood production, only about 15% of mites are on adult bees. Thus a correction factor of 6 was used when the colony was in full brood production, a factor of 3 used when the colony had a small amount of brood and a factor of 0 used when no brood was present.

The estimated mean population of mites in the study colonies was determined monthly and analysis of variance (ANOVA) tests used to compare these estimates.

Serological tests for viruses in the samples of adult and larval bees and mites have not yet been completed and therefore will not be reported here.

 

RESULTS

Virus prevalence in colonies infested with V. destructor 

Of the thirty colonies established in 2001, 29 had died by May of 2002. Of these, 6 died during the summer months of December 2001, or January or February 2002. The remaining 23 colonies died in autumn (ie, March, April or May 2002).

Serological analysis of extracts of the dead bees from these colonies detected CWV in a large proportion of the samples. We also detected CPV, SBV, KBV, BQCV and CPVA in some of the samples but these infections were present in a number of different colonies at different times of the year and showed no strong association with the death of individual colonies. 

Injecting extracts of live bees from infested New Zealand colonies into healthy young bees and pupae caused rapidly fatal infections. All adult bees were dead within four days. The 30nm virus particles visualised by electron microscopy in extracts of these dead test bees were very numerous but have so far failed to react to the honey bee virus antisera against which they were tested. Analysis of these samples and virus characterisation is continuing.

Seasonal changes in viral prevalence

Of the 12 study colonies established in November 2002, only three were still alive by the end of May 2003 (Figure 1). Observations suggested two separate causes of colony death. Firstly, five of the colonies were found to have lost their queen in early summer (November and December 2002) and the lack of brood caused a slow decline in live bee numbers until the colonies died in late summer (January or February 2003). Secondly, colony decline began with the detection of dead brood in each of the remaining seven colonies during the summer and early autumn. The amount of dead brood progressively increased in each colony, four of which had collapsed by late autumn (April/May 2003). Assessment of the remaining colonies in May 2003 found no evidence of AFB infection. A large number of dead adult bees were also collected from these colonies. 

The estimated mean population of mites in the study colonies increased each month (Figure 1). The colonies that died in summer did so when the average number of mites per colony was still quite small (January average (+/-Standard Error of the Mean) = 1370 (+/-398); February average = 3771 (+/-2024)). Observations showed that these colonies were queenless and this was the likely cause of death, although the reason for the queen losses is unknown. The average number of mites per colony in April and May was significantly larger than in March (P<0.05, ANOVA). The death of colonies in April and May may have been related to this increase in the number of mites. 
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Figure 1: Colony survival and mean mite infestation levels in surviving colonies from November 2002 to May 2003.

DISCUSSION 

The mortality of almost all of our study colonies within one season is consistent with that experienced overseas when colonies have become severely infested with V. destuctor (Sammataro et al., 2000). There is evidence to suggest that this mortality is caused by virus infections transmitted by the mites (Ball, 1997; Brřdsgaard et al., 2000; Carreck et al., 2001). When V. destructor was first discovered in Britain in the early 1990s, infested colonies collapsed in the autumn (Ball, 1997), a similar occurrence to that seen here. These initial colony losses in Britain were found to be due to SPV infection rapidly transmitted by the mite to both adult bees and brood as relative infestation levels increased towards the end of the season. It is possible, therefore, that the loss of colonies in our study was similarly caused by the transmission of viruses by V. destructor. 

Although SPV has not been found in New Zealand it is possible that other viruses may cause a similar pattern of colony mortality. Prior to the arrival of V. destructor in Britain, SPV had not been found to be responsible for mortality of bees in British colonies (Ball, 1997). Thus, a virus which has been present in New Zealand but which does not normally cause the death of colonies, may now be killing bees as a result of being transmitted by mites. 

The infection most frequently detected in the dead adult bees collected from our colonies in 2001/2002 was CWV, similar to data from Britain (Ball, 1997) and some Nordic countries (Nordstrom et al., 1999). However, in both of those studies the prevalence of CWV was found to be independent of mite infestation levels and recent research has shown that this virus is not transmissible by V. destructor. Its prevalence is therefore unlikely to be directly affected by the feeding activities of mites. 

Five other virus infections were detected in dead bees in the 2001/2002 study and these were found in a number of different colonies at different times of the year. The incidence of these infections in non-infested colonies in New Zealand is currently unknown, and consequently it is not possible to determine if any were present at unusual levels in our samples. However, none of these infections was consistently associated with the observed colony losses so it is unlikely that these were the cause of colony mortality.

The presence of large quantities of virus particles in the test bees and pupae killed by injection with extracts of live New Zealand bees requires further investigation. This virus may have caused the death of bees and brood within the study colonies if it had became established within the bee and mite populations. Further work is required to determine whether this virus was present in the New Zealand colonies prior to their collapse and whether it was associated with the feeding activities of the mites. We also aim to identify this virus through further serological testing of these samples against antisera to other viruses known to infect honey bees. For instance, several serologically distinct strains of KBV have been identified in honey bees in New Zealand (Anderson, 1988) and it is possible that these strains did not react to the British KBV antisera we used. Additionally, cricket paralysis virus is known to occur in honey bees (Anderson and Gibbs, 1988) and this has not yet been tested for in our samples.

The analysis of the samples obtained from our 2002/2003 study colonies should also provide further information about this and other viruses present in New Zealand honey bees and their impact on infested colonies. We will investigate samples from the colonies that became queenless in early summer although, without the queens themselves to analyse, the cause of the queen deaths may never be known. Serological testing for viruses in the bee, brood and mite samples obtained from the colonies which collapsed in autumn of 2003 should provide more information on the cause of the observed adult and larval bee deaths. Prior to the arrival of V. destructor in New Zealand, beekeepers suffered few colony losses, and most of those were due to AFB. The symptoms of dead brood observed in our study colonies in February - May 2003, however, were not consistent with AFB infection (Bailey and Ball, 1991). It is possible that the brood deaths were caused by a temperature decrease inside the hive following the loss of adult bees from the colony.  However, the first brood deaths occurred in summer when outside temperatures were high and the pattern of dead brood was sporadic and not concentrated around the edges of the brood comb as is normally seen with chilled brood (Tucker, 1978). A few of the dead larvae exhibited symptoms similar to sacbrood infection (Bailey and Ball, 1991), and this may explain some of the brood death. The death of the colonies in autumn also coincided with a rapid increase in the mite population in the colonies. It is possible, therefore, that the bee and brood deaths were due to the presence and rapid transmission of a pathogen within the colonies by the increasing numbers of mites. 

The data presented here is only preliminary and it is therefore impossible to draw any conclusions about the causes of mortality of mite infested colonies in New Zealand.  It is hoped that our future analysis of the samples of bees and mites from the study colonies will allow us to determine whether viruses were responsible for the observed colony mortality.
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