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Abstract

The small hive beetle, Aethina tumida Murray (Coleoptera: Nitidulidae), belongs to a family of beetles known as sap beetles. As an agricultural pest 
they feed upon damaged, overripe fruits and vegetables, such as strawberries, corn, melons, tomatoes, and raspberries. The small hive beetle is a 
major parasite of honey bee hives worldwide. The beetle lives in the honey bee hive and feeds on honey, pollen, and honey bee brood. Fruit volatiles 
collected from overripe fruit provide for an effective attractant for both sexes of the small hive beetle. A laboratory trapping assay was performed 
using ripe fruit and a fruit-semiochemical attractant blend containing ethanol, ethyl butyrate, acetic acid, ethyl acetate, and acetaldehyde. Results 
indicated that the synthetic fruit blends captured beetles at the same rate as the cut fruit. The blend with the highest concentration had significantly 
more beetles captured. The key to an effective trapping system is a good attractant. The isolated fruit volatiles show promise as a possible attractant 
for control and monitoring of small hive beetle.
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Resumen

El pequeño escarabajo de la colmena, Aethina tumida Murray (Coleoptera: Nitidulidae), pertenece a una familia de escarabajos conocidos como 
escarabajos de la savia. Como plaga agrícola, se alimentan de frutas y verduras dañadas y demasiado maduras, como fresas, maíz, melones, tomates 
y frambuesas. El pequeño escarabajo de la colmena es un parásito importante de las colmenas de abejas en todo el mundo. El escarabajo vive en la 
colmena de abejas y se alimenta de miel, polen y las crías de abejas. Los volátiles de la fruta recolectados de la fruta demasiado madura proporcionan 
un atrayente eficaz para ambos sexos del pequeño escarabajo de la colmena. Se realizó un ensayo de trampeo de laboratorio utilizando fruta madura 
y una mezcla de atrayente semioquímico de fruta que contenía etanol, butirato de etilo, ácido acético, acetato de etilo y acetaldehído. Los resultados 
indicaron que las mezclas de fruta sintética capturaron los escarabajos al mismo razón que la fruta cortada. La mezcla con la concentración más alta 
capturó significativamente más escarabajos. La clave para un sistema de captura eficaz es un buen atrayente. Los volátiles aislados de la fruta se 
muestran prometedores como posible atrayente para el control y seguimiento del pequeño escarabajo de la colmena.

Palabras Clave: Apis mellifera; escarabajos de la savia; Aethina tumida

When fruits ripen, they begin to produce aromatic compounds that 
are released into the air, giving the mature fruit its pleasant odor. Fruits 
have evolved to be attractive for frugivores to perform seed-dispersal. 
In turn, the fruit provides a flesh rich in nutrients such as sugars, fats, 
proteins, vitamins, and minerals (ScienceDaily 2016). These low mo-
lecular weight olfactory signals are easily carried in the air and direct a 
frugivore to the fruit, whether it is a meal or a host site for reproduc-
tion (Reddy & Guerrero 2004.) Insect attraction to fruit is caused by 
fruit odors and by micro-organisms growing on and within the fruit 
(Becher et al. 2012).

Fruit volatiles and visual cues play an important role in many in-
sect species, including the small hive beetle, Aethena tumida Murray 
(Coleoptera: Nitidulidae) (Parsons 1943; Hayashi 1978). Beetles of this 
family can be found feeding on tree sap, flowers, fresh and decaying 
fruits, and fungi (Parsons 1943; Hayashi 1978). There are only a few 
Nititulidae beetle species that are of agricultural importance. Sweet 

and field corn is the preferred host of the dusky sap beetle, Carpophi-
lus lugubris Murray, and the corn sap beetle, Carpophilus dimidiates 
(F.) (Capinera 2001). Stored maize is infested by Freeman’s sap beetle, 
Carpophilus freemani Dobson, and the confused sap beetle, Carpophi-
lus mutilatus Erichson (all Coleoptera: Nitidulidae) (Arbogast & Throne 
1997). Pineapples, strawberries, and an array of dried fruit have their 
own specialized nepticulid pests (Potter 1995). Small hive beetles can 
survive on fruit but prefer to feed and reproduce within honey bee 
hives. Additionally, small hive beetle adults are attracted to the honey 
bee colony by detecting hive odors (Torto et al. 2005).

Native to sub-Saharan Africa, this beetle has become a major pest 
of the Western and European honey bee (Apis mellifera L.; Hymenop-
tera: Apidae) worldwide. Except for Antarctica, small hive beetle is now 
present on all continents (Evans et al. 2018). The Africanized bee has an 
evolutionary history with the beetle and can maintain their hive with 
no deleterious effects from the beetle (Lundie 1940; Torto et al. 2005).
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The Western honey bee is crucial in their role as pollinators for agricul-
tural crops in the US. Approximately one-third of our foods rely on honey 
bees for pollination. Pollinators are critical to our nation’s economy, food 
security, and environmental health. Honey bee pollination adds more than 
$15 billion in value to agricultural crops each yr and provides a foundation 
to ensure our diets are plentiful with fruits, nuts, and vegetables.

The widespread cultural practice for managing beetles is the use of 
apple cider vinegar and cooking oil placed in a Cutts Beetle Blaster trap 
(M0195, Dadant, Hamilton, Illinois, USA). Small hive beetle adults are 
attracted to the vinegar due to their evolutionary history with overripe 
fruit. Other attractants used are ripe banana peel and pollen patties 
inoculated with yeast (Hood & Miller 2003; Zawislak 2014). Small hive 
beetle has been observed feeding and reproducing on bananas, man-
go, grapes, strawberries, avocado, cantaloupe, pineapple, honeydew, 
and starfruit (Eischen 1999; Buchholz et al. 2008). Current trapping 
methods maintain the beetles at economic thresholds, but unfortu-
nately none of these traps eliminate the beetles from the hive (Hood 
& Miller 2003). It has been demonstrated that small hive beetle can be 
attracted to a baited trap for control (Stuhl 2019). The beetle’s attrac-
tion to fruit is dependent upon specific blends of volatile compounds 
and usually not a single compound. However, there are compounds 
within a blend that are essential to initiate a behavioral response (Light 
et al. 2001; Reddy & Guerrero 2004).

This research investigated the beetle’s attraction to ripe cantaloupe 
(Cucumis melo L.; Cucurbitaceae), mango (Mangifera indica L.; Anacar-
diaceae), and peach (Prunus persica [L.] Batsch; Rosaceae). Fruits and 
a synthetic blend of compounds derived from fruit were presented to 
the beetles for attraction assays. This research reports an investigation 
comparing the effectiveness of natural and synthetic fruit volatile odors 
for attracting small hive beetle. It is hypothesized that the synthetic 
odors will be as effective in beetle attraction as their natural counter-
parts. The information from this research may lead to enhanced attrac-
tion when used in conjunction with current trapping methods.

Materials and Methods

SOURCE OF BEETLES

Laboratory colonies of small hive beetle were collected from wild 
populations in honey bee hives kept at the USDA-Agriculture Research 
Service, Center for Medical, Agricultural and Veterinary Entomol-
ogy, Gainesville, Florida, USA, and were maintained for multiple gen-
erations. Beetles were reared on pollen dough (Global Patties, Butte, 
Montana, USA) inoculated with Kalamata homer L. (Oleaceae) yeast 
(Benda et al. 2008; Stuhl 2017). Beetles were sexed as per Neumann 
et al. (2013) and placed in separate containers. Insects were reared in 
a temperature-controlled chamber at 23 ± 5 °C, 60% RH, and photope-
riod of 12:12 h (L:D).

VOLATILE COLLECTION

Volatiles were collected from ripe cantaloupe (C. melo), mango (M. 
indica), and peach (P. persica), all purchased from a local market. All 
fruit collections were performed at the USDA-ARS, Center for Medi-
cal, Agricultural and Veterinary Entomology, Gainesville, Florida, USA. 
Volatiles were collected using a head space collection technique as per 
Heath and Manukian (1992). Cut fruit was placed in a cylindrical glass 
volatile collection chamber that was 24 cm tall and 10 cm in diam. Dry 
charcoal filtered air was pushed into one end of the chamber and over 
the fruit, and passed through a volatile collection filter containing 50 
mg of Tenex® Porous Polymer Adsorbent (Sigma-Aldrich, St. Louis, Mis-
souri, USA) for 5 min via a vacuum system.

The volatile compounds collected from the fruit were analyzed 
by Gas Chromatography-Mass Spectroscopy (GC-MS) (Gas Chromato-
graph: Agilent 6890 with an HP-5MS capillary column of 30 m long, 
0.25 mm inner diam, and 0.25 µm film thickness; Mass Spectroscope: 
Agilent 5973 mass selective detector, 70 eV, equipped with a thermal 
desorption cold trap injector [CP4010; Compacc, Bergen op Zoom, The 
Netherlands]). Headspace volatiles collected on Tenax® TA (Sigma-
Aldrich, St. Louis, Missouri, USA) were released from the adsorbent 
by heating in the thermal desorption cold trap injector at 220 °C for 8 
min within a flow of helium gas. The desorbed compounds were col-
lected in the thermal desorption cold trap injector cold trap unit (SIL-
5CB-coated fused silica capillary) at −130 °C. Flash heating of the cold 
trap unit injected the compounds into the capillary column of the gas 
chromatograph to which the cold trap unit was connected. The oven 
temperature of the gas chromatograph was programmed to rise from 
40 °C (5 min hold) to 280 °C at 15 °C per min. The headspace volatiles 
were identified by comparing their mass spectra to those of the data-
base (Wiley7N and Wiley275) and by comparing their retention times 
to those of authentic compounds. Volatiles were identified by com-
parison of mass spectra libraries (NIST 2014; Department of Chemical 
Ecology, Goteborg University, Goteborg, Sweden).

ELECTROPHYSIOLOGY RESPONSE TO FRUIT VOLATILES

The neurophysiological sensory response of male and female 
small hive beetle was measured to specific compounds isolated 
from fruit, ethanol, ethyl butyrate, acetic acid, ethyl acetate, and 
acetaldehyde. Individual compounds (Sigma-Aldrich, St. Louis, Mis-
souri, USA) and blends (Table 1) were exposed to the beetle’s an-
tennae using an electroantennographic detector. A synthetic blend 
was created comprised of ethanol, ethyl butyrate, acetic acid, ethyl 
acetate, and acetaldehyde (Table 1). Extracts were analyzed with a 
gas chromatograph interfaced to both flame ionization and electro-
antennographic detectors. In this manner, antennal responses were 
matched with flame ionization detector signals for compounds elut-
ing from the gas chromatograph. Volatile extracts were prepared in 
the method described above, and 1 μL aliquots were analyzed on 
a Hewlett-Packard (HP) 5890 Series II gas chromatograph equipped 
with an HP-5 column (30 m × 0.32 mm ID × 0.25 mm) (Agilent, Palo 
Alto, California, USA). The oven temperature was held at 40 °C for 5 
min, then programmed to increase by 10 °C per min to 220 °C and 
held at this temperature for 5 min. Helium was used as a carrier 
gas at a flow rate of 2.0 mL per min. A charcoal filtered humidified 
air stream was delivered over the antenna is at 1 mL per min. The 
removal of the antenna was performed as described by Stuhl et 
al. (2011). Aethina tumida antennae were excised by grasping the 
scape at its base with a jeweler’s forceps (No. 5, Integra Life Scienc-
es, Plainsboro, New Jersey, USA). The extreme distal and proximal 
ends of the antennae were placed in conductivity gel (Parker labs, 
Fairfield, New Jersey, USA) between a forked electrode (Sentech, 
Buschbacher, Germany). The electroantennographic detector and 
flame ionization detector signals were recorded concurrently with 
a gas chromatography-electroantennographic detector program 
(Sentech, Eager, Germany), which analyzed the amplified signals on 
a personal computer.

Table 1. Concentrations of the synthetic fruit blends.

Blend Ethanol Ethyl acetate Acetic acid Acetaldehyde Ethyl butyrate

1 2 mL 30 µL 30 µL 30 µL 1 µL
2 2 mL 15 µL 15 µL 15 µL 0.5 µL
3 2 mL 7.5 µL 7.5 µL   7.5 µL 0.25 µL
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FLIGHT TUNNEL BIOASSAY

A flight tunnel bioassay was developed to determine the re-
sponse of A. tumida to cut fruit and to 3 synthetic fruit blends (Table 
1). Males and females (100 each) were combined and assayed in 
the flight tunnel. The concentration of the synthetic fruit blend was 
chosen based on the results obtained from the electrophysiological 
response to the fruit volatiles. The flight tunnel was constructed of 
clear acrylic sheets, measured 128 cm × 31.8 cm × 31.8 cm and was 
located inside a walk-in environmental chamber at the Center for 
Medical, Agricultural and Veterinary Entomology, Gainesville, Flori-
da, USA. The room temperature ranged from 28.7 to 28.8 °C and rela-
tive humidity between 37.6 and 38.1%. Air flow within the tunnel was 
produced by a Shaded Pole Blower (Dayton, Niles, Illinois, USA) which 
pulled air into the tunnel through a charcoal filter and exhausted it 
outside the chamber. The exhaust end was screened to prevent in-
sects from entering the tube. Airflow could be adjusted using a baffle 
inside a tube that connected the downwind end of the tunnel with 
the exhaust system of the hood. Air speed was maintained at 0.2 m 
per s. This flow was determined to be the speed that most stimulated 
flight in small hive beetle. Illumination was provided by fluorescent 
bulbs above the flight tunnel. The light source and the light emitted 
by the room lighting produced an illumination within the tunnel of 
about 1,600 lux.

Two 3.8 L glass jars fitted with hose fittings contained the fruit 
and allowed air to pass over the odor source and the blank control 
and emerge separately in the flight tunnel. Air flow into the fruit 
containers was controlled by an adjustable flow meter (Aalborg 
Instruments, Monsey, New York, USA) set at about 0.5 L per min. 
Treated air emerged into 2 insect traps located at the upwind end 
of the tunnel placed midway between its ceiling and floor. Traps 
were constructed from 40-dram clear plastic snap cap vials (Thorn-
ton Plastics, Salt Lake City, Utah, USA). A 10-mm hole was placed in 
the center of the cap to allow insects to enter the chamber, and 200 
beetles were placed in the flight tunnel. Insects could move freely 
within the flight tunnel for 2 h, after which the collection traps were 
inspected for a response. Insects were counted and recorded. The 
position of the treatment and control were alternated after each 
replication to prevent positional effects. There were 20 replicates 
performed for each fruit with combined males and females. This 
also was performed for the synthetic blends. Analysis of data was 
performed using ANOVA (SAS 2013).

OLFACTOMETER BIOASSAYS

A comparison of fruit odors was tested in a 4 choice olfactome-
ter (Analytical Research Systems, Gainesville, Florida, USA) using the 
method of Vet et al. (1983). Four glass collection containers were at-
tached to the arms of the olfactometer. Three fruit treatments, i.e., 
cantaloupe, mango, peach, and a blank control, were used in the bioas-
say. Charcoal filtered air at 1 mL per min was passed over a 30 g section 
of fruit that was placed in 475 mL glass jars fitted with hose fittings and 
allowed air to pass over the odor source and emerge into the olfactom-
eter. A vacuum was set at 1.5 mL per min and attached to the bottom 
of the olfactometer central arena. The central arena and the collection 
arms of the olfactometer were covered with a black cloth to avoid light 
bias. Insects were introduced into the central chamber and allowed to 
make a choice. The insect response was recorded after 30 min. Before 
to the next replicate was done, the olfactometer was cleaned with mild 
soap and water and allowed to dry. A new section of fruit was used for 
each replicate. Airflow within the olfactometer was stabilized before 
beginning another replicate. The position of the 3 fruits and the blank 
were randomized in the 4 arms between replicates. The assay was per-

formed in the same manner using the 3 blend concentrations (Table 
1.) and a blank control. The blends were placed on a Whatman® 4.5 
cm filter paper (W&H Balston Limited, St Albans, England) treated with 
300 µL of the blend. Filter papers were placed in the 475 mL glass jar 
and presented in the same manner as the fruit, and were randomized 
after each replicate. Each assay consisted of 20 replicates of 20 adult 
beetles (10 each of males and females).

Results

IDENTIFICATION OF ATTRACTIVE FRUIT VOLATILES

Five key compounds were isolated from the over-ripe fruit. The 
most abundant compounds that were common in all fruit were etha-
nol, ethyl butyrate, acetic acid, ethyl acetate, and acetaldehyde.

ELECTROPHYSIOLOGY RESPONSE TO FRUIT VOLATILES

The antennae of male and female small hive beetle responded to 
the natural and synthetic fruit volatiles. The greatest response was to 
ethanol, ethyl butyrate, acetic acid, ethyl acetate, and acetaldehyde. 
There was no difference in response between sexes.

FLIGHT TUNNEL BIOASSAY

Fruit

The flight tunnel assay results indicated an attraction to the cut 
fruit. Males and females had the same responses to the odors from cut 
fruit (F = 17.44; df = 6; P < 0.001), and were more likely to be trapped 
by fruit than by their corresponding controls. Male (F = 4799.58; df = 
2; P < 0.0001) and female (F = 7831.75; df = 2; P < 0.0001) beetles were 
influenced significantly by the mango fruit (Fig. 1). Additionally, a sig-
nificant number of male (F = 793.61; df = 2; P < 0.0001) and female (F 
= 3619.26; df = 2; P < 0.0001) beetles were captured with cantaloupe. 
When presented the peach fruit, male (F = 347.28; df = 2; P < 0.0001) 
and female (F = 964.46; df = 2; P < 0.0001) beetles were attracted sig-
nificantly to the peach fruit over the control (Fig. 1).

Fig. 1. Mean (SE) number of small hive beetle attraction to ripe cantaloupe, 
peach, and mango in a flight tunnel. Means with shared letters are not signifi-
cantly different.
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Blends

The results from the blend assays showed that males (F = 29102.79; 
df = 2; P < 0.0001) and females (F = 54347.80; df = 2; P < 0.0001) over-
whelmingly selected Blend 1 over the control (Fig. 2). Blend 2 indicated 
that males (F = 2643.47; df = 2; P < 0.0001) and females (F = 4048.80; 
df = 2; P < 0.0001) responded to the blend over the control. Addition-
ally, Blend 3 indicated that males (F = 836.59; df = 2; P < 0.0001) and 
females (F = 1745.11; df = 2; P < 0.0001) chose the blend over the 
control. For Blends 1 and 2, each sex chose the treatment, the blank 
control, and no response respectively.

OLFACTOMETER BIOASSAYS

The olfactometer assay results indicated a preference for a specific 
cut fruit. Males (F = 112.57; df = 3; P < 0.001) and females (F = 188.66; 
df = 3; P < 0.001) had a significant preference for mango (Fig. 3). Each 
sex chose cantaloupe, peach, and the blank control, respectively. For 
a specific blend, males (F = 302.09; df = 3; P < 0.0001) and females 
(F = 248.43; df = 3; P < 0.0001) more likely were found in the Blend 1 
chamber. Blends 2 and 3 were equally attractive, followed by the blank 
control (Fig. 4).

Discussion

This study demonstrated that the small hive beetle, like other niti-
dulid beetles has an affinity for ripe fruit. It is believed that small hive 
beetle may have an evolutionary history with Kei apple, Dovyalis caffra 
Warb. (Salicaceae), which is a medium-sized tree native to southern 
Africa. It produces an edible acidic fruit that can be yellow or orange, 
about 2.5 to 4 cm diam. It has been demonstrated that the small hive 
beetle can feed and reproduce on this fruit (Stuhl, unpublished data). 
Beetles were influenced significantly by all fruits including mango (Fig. 
1), whereas nitidulid beetle larvae have been collected from ripe man-
go (Williams et al. 1992a). This treatment captured the greatest num-
ber of beetles. This was demonstrated when the fruit was presented 
along with a blank control, as well as when it was presented alongside 
cantaloupe and peach in the olfactometer (Fig. 3). Additionally, a signif-
icant number of beetles were attracted and captured with cantaloupe. 
Cantaloupe was selected for its ability to become very odorous as it 
ripens. Traps baited with cantaloupe have been used to capture nitidu-

lid beetles (Williams et al. 1992b; Price & Young 2006). Glischrochilus 
spp. Reitter (Coleoptera: Nitidulidae) commonly are found infesting 
damaged or overripe peaches (Hahn 1999). The yr-round availability 
of peaches from the market led to the use of this fruit as an attractant, 
which is very odorous as it ripens. This fruit captured a significant num-
ber of beetles compared to the control.

It was also demonstrated that 5 ripe fruit-derived compounds initi-
ated a behavioral response in the small hive beetle. Gas chromatogra-
phy-mass spectroscopy analyses identified the biologically active vola-
tile compounds as ethanol, ethyl butyrate, acetic acid, ethyl acetate, and 
acetaldehyde. A synthetic blend of chemicals was formulated, and the 
blend was found to be attractive to the beetles. In gas chromatography-
electroantennographic detector analyses, findings were confirmed fur-
ther by presenting a synthetic blend to the insects which elicited a posi-
tive antennal neurophysiological response. The insects tested had an 
antennal response to individual compounds, but individual compounds 
did not initiate a behavioral response. It may be that the insects per-
ceived the attractant as a blend rather than individual compounds.

The odor of ripe fruit alone may attract non-target insects such 
as honey bees. Therefore, the fruit odor may be more discriminatory 

Fig 2. Mean (SE) number of small hive beetle attraction to 3 fruit volatile blend 
concentrations in a flight tunnel. Means with shared letters are not significantly 
different.

Fig. 3. Mean (SE) number of small hive beetle attraction to ripe cantaloupe, 
peach, and mango in an olfactometer. Means with shared letters are not sig-
nificantly different.

Fig. 4. Mean (SE) number of small hive beetle attraction to 3 fruit volatile 
blends in an olfactometer. Means with shared letters are not significantly dif-
ferent.
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toward the small hive beetle if it is paired with a sex pheromone. This 
synergistic effect of using a host odor in conjunction with a sex phero-
mone has been observed in studies of other pests such as the maize 
weevil (Walgenbach et al. 1987). The blend concentrations showed an 
increase in insect capture as the blend concentration was increased. 
Blend 1 captured a greater number of beetles when compared to the 
other 2 blends; however, all the blends captured significantly more 
beetles over the control (Fig. 4).

Currently, the most widely used trap within the hive is a plastic con-
tainer containing vegetable oil and apple cider vinegar. This method 
takes advantage of the beetle’s preference for ripe and over-ripe fruit. 
In their search for feeding or oviposition sites, they fall into the trap 
and become trapped in the oil. In hives where the beetle population is 
high, large numbers of beetles can be found trapped in the oil. How-
ever, insects may be repelled by the odor of their decomposing conspe-
cifics, making the trap unattractive over time (Chakraborty et al. 2019).

Control methods that are currently practiced do not offer complete 
management of this pest within a hive. The alternative would be a trap 
baited with an attractant that is placed within the apiary. Lin et al. 
(1992) has shown that this method can be effective for the monitoring 
and reduction of nitidulid beetle populations.

Results of this study suggest the use of a synthetic fruit volatile 
blend has the potential as an attractant for trapping and monitoring 
small hive beetle. Additional research will focus on placing the attrac-
tant in a trapping device within the hive. The fruit blend is a positive 
step in developing components that are attractive to the small hive 
beetle. Although the efficacy of these blends in flight tunnel assays was 
demonstrated, there is a need to advance to field studies in the future. 
This research has the potential to control and monitor this invasive 
species which is affecting honey bee survival worldwide.
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