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ABSTRACT Multiple infections of managed honeybee, Apis mellifera, colonies are inevitable due
to the ubiquitous ectoparasitic mite Varroa destructor and might be an underlying cause of winter
losses. Here we investigated the role of adult small hive beetles, Aethina tumida, alone and in
combination with V. destructor for winter losses and for infections with the microsporidian endo-
parasite Nosema ceranae. We found no signiÞcant inßuence of A. tumida and V. destructor alone or in
combination on the numbers ofN. ceranae spores. Likewise,A. tumida alone had no signiÞcant effects
on winter losses, which is most likely due to the observed high winter mortality of the adult beetles.
Therefore, our data suggest thatA. tumida is unlikely to contribute to losses of overwintering honeybee
colonies. However, high losses occurred in all groups highly infested with V. destructor, supporting
the central role of the mite for colony losses.
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Beekeepers in Europe and in the United States have
recently been confronted with unusually high winter
losses of colonies. It has been suggested that multiple
infections and infestations of honeybee colonies with
pathogens and parasites might be one of the mecha-
nisms underlying these losses. Such multiple infec-
tions and infestations are inevitable due to the ubiq-
uitous ectoparasitic mite Varroa destructor, which
appears to play a central role for the recent high
colony losses. Indeed, themiteV.destructor is themost
serious pest of European honeybees on a worldwide
scale (Ellis and Munn 2005). The mites reproduce in
association with honeybee brood (Sammatoro et al.
2000), but are also able to survive on adults alone, that
is, phoretic phase (Schulz 1984). Detrimental effects
on adult workers can be due to mite infestations dur-
ing the pupal stage (Ball 1994). A whole range of
physical or physiological changes has been described
in workers that are parasitized during the pupal phase
such as weight loss, deformity, reduced lifespan, and
altered hemolymph (cf. Ball 1994). For example, the
altered physiology of V. destructor infested winter
bees is expressed by less accumulation of hemolymph
proteins, including vitellogenin, compared with non-
infested bees (Amdam et al. 2004). Moreover, fungi,

bacteria, and viruses are transmitted by the mites,
which can lead to severe pathological effects (cf. Ball
1994). Finally, the phoretic phase of the mites induces
grooming dance, auto cleaning, sometimes even ag-
gressive biting and other behaviors in the workers
(Ruttner and Hänel 1992, Martin et al. 2001), thereby
interfering with normal hive duties. In light of these
drastic effects, it is not surprising thatV. destructorhas
an impact on colony homeostasis.

One crucial aspect of colony homeostasis with re-
spect to overwintering is thermoregulation in the clus-
ters (Southwick 1983), which obviously depends on
the functional physiology of the involved winter bees.
Winter clusters of honeybees can contain a consider-
able proportion of phoretic V. destructor mites on
adult workers (0.23Ð0.51 mites/bee; Ritter et al. 1989).
This could affect thermoregulation in the cluster, as
heavily mite-infested colonies show higher thermal
maxima and ßuctuations compared with mite-free col-
onies (M.O.S., unpublished data), suggesting that this
constitutes another factor predisposing colonies for
winter losses. However, those effects of V. destructor
might be ampliÞed because of synergistic interactions
with other pathogens or parasites simultaneously
overwintering in colonies. However, very little is
known of such interactions betweenV. destructor and
other honeybee pathogens or parasites in overwinter-
ing colonies.

Small hive beetles are parasites and scavengers of
honeybee colonies, native to sub-Saharan Africa
(Lundie 1940, Hepburn and Radloff 1998, El-Niweiri
et al. 2008, Neumann and Ellis 2008). The small hive
beetle has become an invasive species and was re-
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peatedly introduced into several countries (Neumann
and Ellis 2008). In the United States and Australia it
has managed to establish populations in colonies of
European honeybees and has caused considerable
damage to local apiculture (Neumann and Elzen 2004,
Spiewok et al. 2007). In the temperate regions of the
U.S., Aethina tumida also overwinters in honeybee
colonies (Hood 2000), where occasionally �300 small
hive beetles have been reported inside winter-clusters
(Pettis and Shimanuki 2000). Adult small hive beetles
interfere with the behavior of host workers, for ex-
ample, they induce aggression behavior (Elzen et al.
2001) and are able to elicit trophallactic feeding (Ellis
et al. 2002). Therefore, it seems likely that adult small
hive beetles trigger a higher activity of bees inside
winter clusters and may synergistically interact with
V. destructor, thus further predisposing colonies to
collapse. Although longevity of adult small hive bee-
tles appears to be long (“up to six months and probably
even longer”; Lundie 1940), mortality or survival of
small hive beetles in overwintering honeybee colonies
is currently unknown. This is crucial, because a high
mortality of adult small hive beetle would probably
diminish or limit any detrimental effects of these bee-
tle parasites in the clusters.

Nosemosis is one of the most predominant diseases
of adult honeybees (Bailey 1981, Matheson 1993) and
causes signiÞcant economic losses to beekeepers
worldwide (Giersch et al. 2009). It can be caused by
two different microsporidian species,Nosema apis and
N. ceranae (Chen et al. 2008). Given that the activities
of adult small hive beetles and phoretic mites may
trigger a higher activity in the core zone of winter
clusters, the average temperature (�30�C; Owens
1971) could be higher than usual. This might also
promoteNosema spp.,whichoptimallydevelops inside
the intestinal epithelium of A. mellifera at tempera-
tures between 30 and 34�C (Ritter 1996).

Here we test whether infestations with A. tumida
alone or in combination withV.destructormight result
in higher Nosema spp. infections and ultimately in
winter losses of honeybee colonies. We hypothesize,
that infestation with both parasites will lead to higher
levels of Nosema spp. infections and to higher winter
losses.

Materials and Method

In the winters 2006/2007 and 2007/2008, experi-
ments were conducted at an experimental location
near Beltsville, MD. The location was ideal for the
proposed experiment for three reasons: (1) small hive
beetles have established populations in Maryland
since 2001 (Neumann and Elzen 2004), because the
parasites are able to survive in winter clusters (Pettis
and Shimanuki 2000); (2) Local natural small hive
beetle infestation levels are very low (�10 adults per
colony; Spiewok et al. 2007), thereby limiting inter-
ference by dispersing adult beetles into un-infested
apiaries (Spiewok et al. 2008); and (3) Colony isola-
tion could be achieved with �1 km distance from any
other bee hives. We used queen-right honeybee col-

onies of mixed European origin (predominantly A. m.
ligustica) from Þve local apiaries to test the hypothesis
that colonies infested by both A. tumida and V. de-
structor face higher winter losses compared with col-
onies infested by one of the two pathogens. For that
purpose, we established the following experimental
groups: (1) C, Control, low infestations with both A.
tumida andV.destructor; (2) A, highA. tumidabut low
V. destructor infestation; (3) V, high V. destructor but
low A. tumida infestation; (4) AV, high infestation
with both A. tumida and V. destructor. Because local
natural small hive beetle infestations levels are low
(Spiewok et al. 2007), we performed the following
actions to achieve different infestation levels with the
two pathogens.
A. tumida. To generate high infestation levels with

small hive beetles in the groups A and AV, adult bee-
tles were reared in the laboratory according to stan-
dard protocols (Mürrle and Neumann 2004) and in-
troduced into the colonies on the top bars. We
introduced 300 small hive beetles into each colony to
match the high previously recorded numbers in win-
ter clusters (Pettis and Shimanuki 2000). In 2006, A.
tumida infestation levels were measured thrice using
bottom board strips (18 and 23 August and 8 Septem-
ber; Schäfer et al. 2008). Because adult small hive
beetles overwinter in the bee clusters (Pettis and
Shimanuki 2000) and do not hide on the bottom
boards in colder weather, diagnostic strips (Schäfer et
al. 2008) are less suitable to monitor beetles overwin-
ter. Therefore, we took advantage of the removal of
dead adult small hive beetles by honeybee workers
(P.N., unpublished observations) and modiÞed traps
(Fig. 1; Illies et al. 2002) to simultaneously estimateA.
tumida and bee mortality in the colonies. In winter
2007/2008, all colonies were equipped with those traps
and monitored on a weekly basis.
V. destructor. With respect to V. destructor, local

colonies were screened for infestations using routine
methods (“sugar shake” method: Macedo et al. 2002;
“sticky board” method: Sammataro et al. 2002). Then,
colonies were chosen according to their pre-experi-
mentalV. destructor infestation levels. To further limit
infestation levels withV. destructor in groups C and A,
colonies were also treated with Apistan (according to
the manufacturersÕ instructions described on the la-
bel), because local mite resistance has not been re-
ported yet. To further validate the latter point, 12 out
of 200 colonies across several local apiaries were tested
(Pettis et al. 1998). The reported average mite-mor-
tality of �80% in this test (J.S.P., unpublished data)
strongly indicates an overall susceptibility to ßuvali-
nate. The speciÞc hives used in our study were not
tested. While now two groups (C and A) comprised of
colonies with low mite infestations (sticky boards,
72 h: 4.25 � 3.99 mites), the groups V and AV were
highly infected (sticky boards, 72 h: 110.36 � 49.45
mites). During the course of the experiment, V. de-
structor infestation levels of all experimental colonies
were monitored using sticky boards at a monthly basis
from August to October 2006, in November 2007 and
in May 2008.
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Nosema ceranae. To estimate infections with
Nosema ceranae,worker samples were taken Þve times
(13 November 2007, 28 December 2007, 25 January
2008, 3 March 2008, and 23 April 2008) from brood
frames of each colony using routine methods (30
workers each sample homogenized in 30 ml distilled
water; spore quantiÞcation in Neubauer count cham-
ber; Cantwell 1970). Species identiÞcation during the
entire sampling period was conÞrmed using polymer-
ase chain reaction and sequencing the products for
comparisons with GenBank (Chen et al. 2008).
Experimental Colonies. Before the experiments,

colony phenotypes were evaluated at local apiaries
using the standard Liebefelder estimation method
(queenstate, areas of adult bees, brood, honey and
pollen; Imdorf et al. 1987). Only, moderate to strong
queen-right colonies were used (total n� 84, group C:
24 colonies, group A: 24 colonies, group V: 12 colonies,
group AV: 24 colonies). All colonies had an ample
honey supply for overwintering (�11.2 kg of honey).
In 2006, all colonies (n � 36) were checked in 14 d
intervals for queen state and size (number of frames
with bees) until the end of October. Then, colonies
were checked again in December, February, and
April. In winter 2007/2008, bee mortality was weekly
investigated using the bottom board traps from De-
cember to April (n � 48 colonies). After removal of
the traps, colony phenotypes were again evaluated
using the Liebefelder method (Imdorf et al. 1987).
Statistical Analysis. All comparisons between the

experimental groups were performed using Kruskal-
Wallis tests followed by multiple post hoc compari-
sons. If a colony died during the test period, zero
frames of bees were used as the last data point for
statistical analyses.

Results

Winter 2006/2007. There were no signiÞcant dif-
ferences in colony development (frames of bees) be-
tween the groups A, V, and AV from August until
December 2006 (Kruskal-Wallis test: H [2, n� 36] �
23 August: 2.13, P� 0.35; 6 September: 2.85, P� 0.24;
20 September: 5.34, P� 0.07; 4 October: 1.53, P� 0.47;
17 October: 5.01, P� 0.08; 30 October: 2.44, P� 0.30;
5 December: 4.54, P � 0.10; Fig. 2). However, signif-
icant differences were found after the cold period
(Fig. 2). Overall mortality until 24 April 2007 showed
signiÞcant differences between the groups (Kruskal-
Wallis test: H (2, n � 36) � 9.77; P � 0.008). From
initially 12 colonies in each group, three died in group
A, nine in group V, and 10 in group AV, which are
signiÞcant more, compared with group A (P� 0.044).
However, there were no signiÞcant differences be-
tween group A and V (P � 0.109) or between group
V and AV (P � 1.000).

There were signiÞcant differences in small hive bee-
tle infestation levels between the groups in August and
September (Kruskal-Wallis test: 18 August: H (2, n�
35) � 21.12, P� 0.01; 23 August: H (2, n� 35) � 16.73,
P� 0.01; 8 September: H (2,n� 34) � 22.51,P� 0.01].
Small hive beetle infestations were always lower in
colonies of group V compared with group A (18 Au-
gust: P � 0.01; 23 August: P � 0.03; 8 September: P �
0.01) and AV (18 August: P� 0.01; 23 August: P� 0.01;
8 September: P � 0.01). With one exception in the
double infested group AV (which absconded after
successful small hive beetle reproduction on 15 Au-
gust), no colony showed any small hive beetle damage
or signs of small hive beetle reproduction. All small

Fig. 1. Bee trap (modiÞed from Illies et al. 2002) for simultaneous estimation of small hive beetle mortality and bee
mortality in honeybee colonies during winter. The trap has the size of a Langstroth 10 frame camber (20 � 14 � 95⁄8“), a solid
wooden bottom and is placed underneath colonies instead of bottom boards: (A) hive entrance; (B) area with two exactly
displaced grids (mesh width: 4 mm) with consistent 1 cm interspaces in-between; (C) tray, which accurately Þts in the bottom
of the box and that is emptied through the back of the trap. Between (B) and (C) are plastic tubes (Ø � 1”) at intervals of
1 cm, which allow dead bees or beetles to fall through.
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hive beetle infestation measurements were done using
diagnostic strips (Schäfer et al., 2008).

There were signiÞcant differences in V. destructor
infestation levels between the groups in August, Sep-
tember, and October (Kruskal-Wallis test: August: H
(2, n � 35) � 21.77 P � 0.01; September: H (2, n �
34) � 20.04 P � 0.01; October: H (2, n � 33) � 18.95
P � 0.01). The V. destructor infestation levels in col-
onies of group A were always signiÞcantly lower com-
pared with group V (August: P� 0.01; September: P�
0.01; October: P � 0.01) and AV (August: P � 0.01;
September: P � 0.01; October: P � 0.01). However,
there were no differences in V. destructor infestation
levels between the groups V and AV (August: P � 1.
00; September: P � 1.00; October: P � 1.00).
Winter 2007/2008. The initial colony evaluation on

21 November 2007 showed no signiÞcant differences
between the groups for honey (Kruskal-Wallis test: H
(2, n � 48) � 2.39; P � 0.30) and pollen stores
(Kruskal-Wallis test: H (2, n � 48) � 0.90; P � 0.64).
However, signiÞcant differences were found for bee
density (Kruskal-Wallis test: H (2,n� 48) � 12.02;P�
0.01) and brood area (Kruskal-Wallis test: H (2, n �
48) � 11.92;P� 0.01). Only group AV had signiÞcantly
lower bee density (P � 0.01) but signiÞcantly larger
brood area (P � 0.02) compared with colonies of
group C. No signiÞcant differences were found for any
other category. The Þnal colony evaluation of the
surviving colonies (11 April) showed no signiÞcant
differences between the groups in the categories bee
density (Kruskal-Wallis test: H (2, n� 39) � 4.27; P�
0.12), brood area (Kruskal-Wallis test: H (2, n� 39) �
4.29; P� 0.12) and honey stores (Kruskal-Wallis test:
H (2, n� 39) � 1.09; P� 0.58). However, there were
signiÞcant differences for pollen stores (Kruskal-Wal-

lis test: H (2, n � 39) � 14.14; P � 0.01). Colonies of
group AV had signiÞcant less pollen compared with
group C (P� 0.01). No other groups showed any other
signiÞcant differences (P � 0.05 in all cases).

Overall mortality until the 5 May 2008 showed sig-
niÞcant differences among the groups (Kruskal-Wallis
test: H (2, n� 48) � 18.28; P� 0.01). From initial 12
colonies in group AV nine died and mortality was
signiÞcantly higher compared with the two other
groups, where three out of 24 died in group C (P �
0.01) and only one out of 12 in group A (P � 0.02).
However, there were no differences between group C
and group A (P � 1.00).

Until 3 April, 6,019 dead small hive beetles were
collected in the bottom board traps (Fig. 1), which
equals an overall winter mortality of 83.6% (7,200
initially introduced). In the Þrst 2 wk, 55.9% died (7
December: 2,636 small hive beetles and 14 December:
1,390 small hive beetles). The weekly range of dead
small hive beetles for both A. tumida groups (A and
AV) is shown in Fig. 3. Overall, signiÞcantly more
small hive beetles were found in traps of the groups A
and AV compared with group C (Kruskal-Wallis test:
H (2, n � 48) � 35.65; P � 0.01). There were no
differences between the groups A and AV (P� 1.00).

Before winter (2 November 2007), there were sig-
niÞcant differences in V. destructor infestation levels
between groups (Kruskal-Wallis test: H (2, n� 48) �
30.98; P � 0.01). The colonies of group AV were
signiÞcantly higher infested with V. destructor com-
pared with group C (P � 0.01) and A (P � 0.01).
Whereas no differences between group C and A (P�
0.51) were found. After winter (5 May 2008), signif-
icant overall differences in V. destructor infestations
were found between the groups (Kruskal-Wallis test:

Fig. 2. Development of three experimental groups (n� 12 colonies each), which differed in their infestation levels with
A. tumida and V. destructor over the winter 2006/2007. Until December, no signiÞcant differences were found. In February
and April (Kruskal-Wallis test: February: H (2, n � 36) � 16.86; P � 0.01; April: H (2, n � 36) � 11.61; P � 0.01), colonies
of group A had signiÞcantly more frames of bees then colonies of group V (February: P � 0.01; April: P � 0.05) or AV
(February: P� 0.01; April: P� 0.02). Data points are medians, Þrst and third quartile (A: highA. tumida but lowV. destructor
infestation, V: high V. destructor but low A. tumida infestation, AV: high infestation with both A. tumida and V. destructor).
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H (2, n� 34) � 6.11; P� 0.05). However, the post hoc
comparisons revealed no differences between indi-
vidual groups (C and A: P� 0.22; C and AV: P� 0.58;
A and AV: P � 0.07).

In November 2007, colonies (n � 48) showed no
Nosema-spores. The three following tests showed
spores in some colonies of all groups, but no signiÞcant
differences in spore numbers were found between the
groups (28 December: Kruskal-Wallis test: H (2, n �
48) � 0.17; P � 0.92; 25 January: Kruskal-Wallis test:
H (2, n � 48) � 0.4; P � 0.82; 28 February: Kruskal-
Wallis test: H (2, n� 45) � 5.98; P� 0.05). However,
on 23 April, there were signiÞcant differences among
the groups (Kruskal-Wallis test: H (2, n� 34) � 8.76;
P � 0.01), with bees in colonies of group A being
signiÞcantly higher infested withNosema-spores com-
pared with bees of group AV (P � 0.01), whereas no
signiÞcant differences were found between the other
groups.

Discussion

Our data suggest no major effects of A. tumida on
the overwintering success of infested colonies. De-
spite the rather high number of introduced adults (n�
300), only a single colony showed successful small hive
beetle reproduction. This occurred in summer 2006
shortly after introduction of small hive beetles. The
colony had the typical signs of damage associated with
larval feeding (Neumann and Elzen 2004) after ab-
sconding. Only adult small hive beetles were found
within and on the margins of winter-clusters, but no
larvae or pupae were found in or outside hives during
a winter survey (Pettis and Shimanuki 2000). More-

over, exposure at �12�C for 24 h has been reported to
kill all life stages of the small hive beetle (Hood 1999).
Therefore, it seems that adults are most likely the
overwintering stage ofA. tumida in temperate regions.
However, a high proportion of the introduced adult
small hive beetles (83.6%) were found dead in the
bottom board traps, strongly suggesting that the ma-
jority of adults are not able to survive inside overwin-
tering colonies. It seems most likely, that only a limited
proportion of small hive beetle were able to success-
fully invade winter clusters, thereby taking advantage
of honeybee thermoregulation. Indeed, earlier cool
room experiments (M.O.S., unpublished data) also
showed a similar high mortality of introduced small
hive beetle (89.0%) and only a small proportion sur-
vived inside the clusters (7.5%). Under Þeld condi-
tions, the high mortality of adult small hive beetles
within the Þrst 2 wk (55.9%) further indicates that
small hive beetles may have more difÞculties to in-
trude the clusters of the strong to moderate experi-
mental colonies, because high numbers of small hive
beetles (�300) were only recorded from weak clus-
ters (Pettis and Shimanuki 2000). In conclusion, our
data suggest that overwintering of small hive beetle
adults inside winter clusters of honeybee host colonies
is not as successful as previously thought.

In light of the high small hive beetle winter mor-
tality, it appears not surprising that we found no sig-
niÞcant effects of A. tumida on the overwintering
success of host colonies. Indeed, no differences in
overwintering success were found between colonies
infested with both parasites and colonies infested only
with V. destructor. Likewise, no differences were
found between controls and colonies infested by A.

Fig. 3. Weekly numbers of dead adult small hive beetles found in infested colonies (n � 300 small hive beetles each),
using modiÞed traps (Fig. 1). The pooled data from both small hive beetle infested groups (n � 24; A and AV) are shown
as medians per colony with maximum and minimum ranges. Within the Þrst 2 wk 55.9% and until beginning of 83 April, 6%
of all introduced small hive beetles died.
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tumida alone. Furthermore, no signiÞcant differences
were found in Nosema-spore numbers between the
groups, indicating that high V. destructor and A. tu-
mida infestations or small hive beetle alone have no
synergistic effect on the development of this micros-
poridian parasite inside honeybees. However, all
groups that were infested with highV.destructor levels
suffered from higher winter losses. This conÞrms the
central role of the ectoparasitic mite for colony losses
in the U.S. and Europe. The unusual high losses over
the last winters (Cox-Foster et al. 2007, Pettis et al.
2007) may also be linked to accumulating reports of
mite resistance to control substances (Lodesani et al.
1995, Elzen et al. 1998, Trouiller 1998, Milani 1999,
Thompson et al. 2002, Pettis 2004). This study showed
that winter mortality of adult small hive beetles is high;
therefore, we conclude that small hive beetle infes-
tations are most likely of minor importance for colony
losses during winter.
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