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          Small hive beetles (SHBs) are invasive pests of Apis mellifera colonies. Within the last five years, SHBs have been detected in Asia, Europe and South America. The high colonization capability of SHB is facilitated by their small size, agility, long survival and ability to conduct long-range dispersal flights. We compared the invasion success of adult SHBs in colonies with screen (8-mesh) or solid bottom boards facing inward or outward of the apiary. Notched beetles were released at the center of an apiary that was devoid of honey bee colonies for about two months and tracked their presence in the colonies for four months. Overall, colonies with screen and solid bottom boards had similar numbers of beetles (~4 notched and 4 no notch). No influence of hive entrance orientation on the number of beetles was also observed. This suggests that the use of screen bottom boards does not promote an increase of SHB population in honey bee colonies since beetles invaded colonies through hive entrances and not through the screen mesh. Thus, screen bottom boards can be used as a component of an Integrated Pest Management program for Varroa mite control.
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      Small hive beetles (SHBs), Aethina tumida, continue to expand their distribution. In Asia, SHBs have been detected in the Philippines in 2014 (Brion, 2015; Cervancia et al., 2016) and in South Korea in 2017 (Lee et al., 2017). In Europe, SHBs have been present in Italy since 2014 (Mutinelli et al., 2014), and first detected in South America (Brazil) in 2015 (Al Toufailia et al., 2017). With this broad expansion, they not only threaten the health of honey bee colonies, but also for non-Apis species around the world (Neumann et al., 2016). In addition to high fecundity, the colonization ability of SHBs is also associated with their long survival, small size, agility and ability to conduct long-range dispersal flights (Spiewok et al., 2008; de Guzman et al., 2012). Adult SHBs survived ~354 days under laboratory conditions (de Guzman et al., 2012). Measuring about 6 mm long and 3 mm wide, the adult beetles can successfully hide in small cracks or crevices (Ellis et al., 2002).

      A screen size of 2 mm reduces beetle infestation in honey bee colonies (Ellis et al., 2003). In this study, we compared the invasive success of adult SHBs in colonies equipped with screen and solid bottom boards. We used 8-mesh screen (3 mm), commonly used to regulate Varroa mite population in Apis mellifera colonies, which allows adult SHBs to pass through (Ellis et al., 2003). Colony divisions (n=36) were obtained and placed in a holding apiary. Italian queens were installed because they are known to support high numbers of beetles (Frake et al., 2009). To minimize potential sources of invading SHBs, a test apiary was devoid of honey bee colonies for about two months. By then, developing beetles in the soil would have emerged and infested nearby apiaries. Treatments were randomly assigned into each colony; 18 colonies received screen and 18 had solid bottom boards. All colonies consisted of two medium boxes. All equipment used were in good condition to prevent other entry points for invading beetles aside from the hive entrances. Also, the hive entrances were either facing inward towards the center of the apiary or outward away from the apiary. All inhabiting beetles were removed from each of the colonies before the experiment commenced. Although Italian honey bees are known for their susceptibility to Varroa mites (de Guzman et al., 2007), no chemical treatment was applied to test colonies.

      To study the invasive success of SHBs, a mark-release-recapture technique was used. We tracked individual beetles using thoracic notching (de Guzman et al., 2012). Laboratory-reared beetles were used. Beetles were examined individually under a dissecting microscope to determine sex. Females have long ovipositors that extend straight from the tip of the abdomen while the males’ genitalia protrude at a right angle from the ventral surface with the 8th tergite easily viewed dorsally (Fig. 1). Female beetles were notched on the left side of the thorax while males were notched on the right side (Fig. 2). All beetles were starved for one day before use. Two cohorts of beetles consisting of 500 females and 500 males each were released on June 29 and July 6, 2011. The beetles were released at sunset because beetles are active during dusk. During each release, 10 containers with 50 females and 50 males each were placed around the apiary. One day after each release, colonies were inspected to retrieve released beetles. Because beetles normally hide in empty cells and small crevices, individual frames, hive boxes and bottom boards were examined (de Guzman et al., 2006). Empty frames were also bumped on an empty white receptacle. Subsequent collections were conducted on July 19, August 2, September 8 and November 8, 2011. Recovered beetles were examined individually under a dissecting microscope to determine the presence and location of the notch. Recovered beetles were not returned to the test colonies.

      
        
        

        Fig. 1. 
				
        

        
          Long ovipositor that extends straight from the tip of the abdomen of a female small hive beetle (left) while the males’ genitalia protrude at a right angle from the ventral surface with the 8th tergite easily viewed dorsally (right).
        
        

        

      

      
        
        

        Fig. 2. 
				
        

        
          A notch on the right side of the thorax of a male small hive beetle.
        
        

        

      

      Of the 2,000 beetles released, 136 were unable to fly from the containers. Of the 1,864 that were able to fly, only 42% were recovered from the test colonies within 4 months. The unaccounted beetles may have been in the colonies but were overlooked, and may have attempted to fly, but dropped on the ground or have invaded other colonies in nearby apiaries. Data on the number of beetles recovered through time were subjected to Analysis of Variance for repeated measures using the Proc Mixed procedure (SAS Institute, Inc., 2013). Before analysis, data were transformed using square-root transformation. Our results showed that screen mesh larger than the size of adult beetles did not increase SHB population in the colonies (F=1.78, P=0.183). Overall, colonies with screen and solid bottom boards had comparable number of beetles (~4 notched and 4 without notch). Similarly, no influence of hive entrance orientation was detected (F=0.97, P=0.326) (Fig. 3A). The majority of the notched beetles were recovered from the test colonies one day after their release in June and July. A high number of unmarked (no notch) beetles were collected in November, an indication of an influx of newly emerged beetles during this time. The fecundity of SHBs relies on their ability to mate repeatedly (de Guzman et al., 2012). This can be facilitated by the invasive success of both males and females, which we observed in this study (Fig. 3B). There were nine notched beetles each recovered in September and November, about 2 and 4 months after the release, respectively. This observation confirms SHB’s extended survival in the laboratory (de Guzman et al., 2012). This is the first report on the long survival of both males and females in active colonies. Nineteen colonies succumbed to beetle infestations between September and November. These colonies were weakened by high Varroa mite parasitism. Of the 426 recovered beetles in November, 260 (5 of which were notched) were collected from these dead colonies. Since the test apiary was colony-free for about two months, the collection of unmarked beetles through time may indicate invasion of new cohorts of beetles from nearby colonies or newly emerged beetles from the test apiary. Similarly, the presence of notched beetles during this time may suggest that beetles may have infested nearby colonies first and returned to the test apiary to find new hosts. SHBs may constantly seek colonies to invade.

      
        
        

        Fig. 3. 
				
        

        
          (A) Number (mean±SE) of notched and no notch small hive beetles recovered from colonies through sampling time. For each date, bars with different letters are significantly different (P<0.05). Number of recovered beetles was not influenced by either bottom board type or orientation of hive entrances (P>0.05). (B) The proportion of notched female and male small hive beetles recovered through time from the same colonies equipped with screen and solid bottom boards facing inward or outward of the apiary.
        
        

        

      

      The use of screen bottom board is thought to encourage SHB invasion due to the unrestricted dissipation of colony volatiles (Ellis et al., 2003). Interestingly, we observed that most of the invading beetles used the hive entrances regardless of bottom board type. The invading beetles behaved much like returning foragers; they hovered in front of the hive, landed on the landing pad and then entered the colony. A few beetles landed on the side of the hive box, but crept in through the hive entrance. There were few beetles observed flying underneath the screen bottom and then disappearing. Thus, it is uncertain whether the beetles successfully entered the hive through the screen or congregated underneath as observed by Ellis et al. (2003). Although the beetles can easily pass through the 8-mesh screen, they seemed hesitant to walk across the screen. While evading being collected, nearly all beetles scurried along the edges of the screen bottom board and not on the screen per se, which may slow down their escape. On the solid bottom, most beetles were also found along the edges, but quickly scattered around during the collection process.

      Varroa mites weaken colonies making them vulnerable to SHB infestation. When used by itself, screen bottom board is ineffective for SHB control, but it is helpful in managing Varroa mite population in honey bee colonies (Ellis et al., 2001). When screen bottom boards were used with oil traps, however, some beetles are trapped in the oil minimizing stress on the colonies. Further, heat drives bees to congregate at the hive entrances of colonies equipped with solid bottom boards, which allows opportunistic beetles to feed on everything inside the hive. Also, screened bottom boards provide ventilation for honey bees especially in the Southern region of the United States where it is hot and where SHBs are abundant. This study demonstrates that the use of screen bottom boards, which are commonly used for Varroa mite control, does not promote successful invasion of SHBs in honey colonies and thus, should be used as a component of an Integrated Pest Management program for Varroa mites.
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