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Abstract – Small hive beetles (SHBs) are parasites of social bee colonies endemic to Africa and have become a
widely distributed invasive species. Damage to colonies in the new ranges seems to be governed by higher
infestation levels, but the factors underlying SHB numbers are poorly understood. Since SHBs pupate in the soil
outside of colonies, local temperature and humidity are likely to underlie infestation levels. Here, we conducted a
survey in Nigeria of 82 honey bee colonies, Apis mellifera adansonii (26 apiaries, 14 states), in both forest and
savannah with a range of temperatures and precipitation. We recorded significantly higher SHB infestation levels in
forests compared to savannah. While there was no significant correlation between local temperature and SHB
infestation levels, a significant positive correlation was found between local rainfall and SHB numbers in colonies.
Under the temperature conditions of the study region, precipitation and a forest cover appear to impact SHB
infestation levels of honey bee colonies. Our data suggest that new SHB distribution ranges with both forests and
high precipitation will be especially at risk.
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1. INTRODUCTION

Invasive species are a key component of global
environmental change (Dawson et al. 2017), and
their detrimental impact can be driven by a range
of environmental factors (Nentwig 2007). In order
to mitigate biological invasions, it appears crucial
to better understand environmental factors foster-
ing the invasion success of individual species.
Since factors may interact with each other, studies
in the native range seem to be advantageous,
because some factors can be excluded, e.g., ene-
my release (Mitchell and Power 2003; Torchin
et al. 2003) and/or higher susceptibility of novel

hosts in case of invasive parasitic species
(Rosenkranz et al. 2010).

The small hive beetle, Aethina tumida (SHB),
has originally been described as a parasite of
Western honey bee (Apis mellifera ) colonies en-
demic to sub-Saharan Africa (Lundie 1940;
Hepburn and Radloff 1998). Later laboratory
studies suggested that it may also reproduce in
association with food outside of colonies (e.g.,
fruits and meat, Ellis et al. 2002; Buchholz et al.
2008). However, respective field surveys did not
confirm this finding (Buchholz et al. 2008;
Mutinelli et al. 2015; Willcox et al. 2017). It
therefore appears as if alternative food sources
outside of bee colonies are of minor importance
only for SHBs (Willcox et al. 2017). In contrast,
SHB infestations of other social bee colonies have
repeatedly been shown in the field (Eastern honey
bees Apis cerana , bumblebees, and stingless
bees; Neumann et al. 2016; Cervancia et al.
2016). There is consensus that SHB can regularly
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be found within honey bee, A. mellifera , nests,
where it usually hides at the bottom of cells, in
debris on the hive bottom, or in cracks of hive
walls (Neumann et al. 2016). In the nests, adult
SHBs are fed by honey bee workers (Ellis 2005;
Neumann et al. 2015) and both adults and larvae
can feed on brood, stored food, dead and live adult
bees, and debris (Neumann and Elzen 2004;
Spiewok and Neumann 2006; Pirk and
Neumann 2013).

In their native range in Africa, SHBs are usu-
ally considered to be a minor pest only (Hepburn
and Radloff 1998). In sharp contrast, SHBs can
cause significant damage to apiculture and may
also endanger wild/feral bees in areas, where it has
been introduced (Neumann et al. 2016).Weak and
strong colonies of European honey bee subspecies
can succumb to SHB infestations within one week
(Neumann et al. 2012), often resulting in the full
structural collapse of the entire nest (Hepburn and
Radloff 1998). The underlying reasons for those
apparent differences in the impact of SHBs are not
fully understood yet and may range from (1)
quantitative differences in behaviour between Af-
rican and European honey bee subspecies
(Neumann and Elzen 2004), over (2) the Bnatural
enemy release hypothesis^ in which a pest thrives
in a new range because of the lack of natural
enemies (Mitchell and Power 2003; Torchin
et al. 2003) to (3) the role of alternative hosts
(reviewed by Neumann et al. 2016; Neumann
2017). However, on the other hand, it is well
known from field experience that damage to hon-
ey bee colonies positively correlates with SHB
infestation levels (Spiewok et al. 2007). In order
to mitigate the impact of this invasive species, it is
therefore relevant to better understand drivers of
population dynamics.

In contrast to other parasites, an integral portion
of SHB life history occurs outside of colonies
(Neumann et al. 2016). Therefore, these beetles
are more exposed to environmental factors com-
pared to other parasites, which spend their life
history almost exclusively in the more homeostat-
ic nests of social bees (e.g., ectoparasitic mites
Varroa destructor ; Rosenkranz et al. 2010). The
post-feeding, so-called wandering SHB larvae
leave the hives to pupate in the soil (Lundie
1940). Then, warmer ambient temperature and

higher soil moisture promote pupation success
and also reduce the duration of pupation (Ellis
et al. 2004; De Guzman et al. 2009). Honey bee
hives located in the shade appear to be more
attractive to adult free-flying SHBs (Arbogast
et al. 2007, 2009; but see Ellis and Delaplane
2006). Since the tree canopy provides abundant
shade, forests may therefore be more attractive for
adult SHBs. Forests may also offer more suitable
soil for pupation (Ellis et al. 2004), more adequate
levels of soil moisture and temperatures (Afolabi
et al. 2009), and possibly a higher abundance of
wild host nests (e.g., honey bees; Hepburn and
Radloff 1998). Forest areas may therefore display
higher SHB infestations levels compared to other
areas. However, population data for this pest are
still scarce at present, especially for the native
range of SHBs in Africa.

Here, we conduct a comprehensive survey of
SHB infestation levels of African honey bee col-
onies in both forest and savannah with a range of
temperatures and rainfall regimes to further inves-
tigate the impact of environmental factors. Based
on data so far, we expect higher infestation levels
in warmer and more humid areas as well as higher
infestations in forests compared to savannah.

2. METHODS

2.1. Survey

In Nigeria, SHB infestation levels were esti-
mated in June and July 2016 (early local wet
season) in 82 local queenright honey bee colo-
nies, A. m. adansonii , at 26 apiaries, thereby
covering 14 states in both forest and savannah
ecosystems (Figure 1) with a wide range of an-
nual temperatures and rainfall. Introductions of
European honey bee subspecies into Africa have
repeatedly failed (Hepburn and Radloff 1998).
There is also no long-range migratory beekeep-
ing in Nigeria as in other countries (e.g., USA)
andnomajor import of bees from theneighboring
countries. Therefore, it appears safe to assume
that the local studied bees were indeed A. m.
adansonii even without any morphometric and/
or molecular work. Earlier definitions and open
access Google satellite maps were used to classi-
fy the apiary locations as being located in forest
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or savannah, respectively (MacGregor 1937;
Hepburn and Radloff 1998; https://www.google.
ch/maps/place/Nigeria/@9.8070716,8.3800163
,221156m/data=!3m1!1e3!4m5!3m4!1s0x104e0
baf7da48d0d:0x99a8fe4168c50bc8!8m2
!3d9.081999!4d8.675277).

All surveyed colonies were housed in standard
Langstroth hives and were visually screened for
SHBs in a standardized fashion (Neumann et al.
2013) during early mornings by the same person
(A.K.L.). All spotted adult SHBs were collected
using aspirators (Neumann et al. 2013) from only
the bottom boards to limit disturbance of the col-
onies. Since ~ 50% of the adult SHBs in infested
hives can be found on the bottom boards
(Neumann and Elzen 2004), this method provides
reasonable estimates of the overall infestation
levels. Geographical coordinates of the sampling

locations were recorded using Qmini M series
Data collectors (HiTarget, China), and respective
local temperature and precipitation data were ob-
tained from the Nigeria Meteorological Center.

2.2. Statistical analyses

Data were tested for normality using
Kolmogorov-Smirnov and Shapiro-Wilk tests.
Since the data were not normally distributed, the
SHB infestation levels in colonies were analyzed
for differences between the two ecosystems and
the 7 states in each ecosystem using a Kruskal-
Wallis ANOVA (level of significance: α = 0.05),
while analyses for relationship in the number of
beetles, temperature, and rainfall between the dif-
ferent ecosystems were performed using bivariate
correlations with Kendall’s tau-b correlation

Figure 1. Political map of Nigeria showing the states, ecosystems (gray area = forest, white area = savannah), and
sampled colonies (= circles).
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coefficient (τ b). All statistical tests were run in a
General Linear Model (GLM) using the statistical
software package SPSS version 20.

3. RESULTS

3.1. Ecosystems and infestation levels

A total of 70 out of 82 colonies were infested
with adult SHBs (85.36%; Figure 2). A significant
difference in SHB infestation levels was found
between the forest and savannah ecosystems (for-
est, median = 60, interquartile range (IQR) =
117.5–46 = 71.5; savannah, median = 51 and
IQR = 80.5–21 = 59.5; χ 2(1) = 4.288, p =
0.038). However, there were no significant differ-
ences in SHB infestation levels among the seven
states sampled in the forest (χ 2(6) = 8.142, p =
0.228) and similarly for the seven states sampled
in the savannah ecosystem (χ 2(6) = 7.935, p =
0.243) at Kruskal-Wallis CL level = 95%.

3.2. Temperature and infestation levels

For overall colonies in both ecosystems (forest
and savannah), the relationship between tempera-
ture and SHB infestation levels was positive, but
not statistically significant (τ b = 0.113, p = 0.078,
CL = 95%; Figure 3). Such a positive, but not
statistically significant, correlation was also the
case between temperature and SHB infestation
levels in individual colonies within the same api-
aries in the seven states for each of the forest and
savannah ecosystems (forest (τ b = 0.057, p =
0.312) and savannah (τ b = 0.095, p = 0.209, CL =
95%)).

3.3. Rainfall and infestation levels

For the relationship between rainfall and over-
all SHB infestation levels for all the colonies in
the ecosystems, forest and savannah showed a
positive correlation, which was statistically

Figure 2. Infestation levels per colony of adult small hive beetles in A. m. adansonii colonies in the sampled regions
of Nigeria. Medians, quartiles, and ranges are shown (gray bars = forest, white bars = savannah; please refer to
Figure 1 for the full state names).
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significant (τ b = 0.141, p = 0.035, CL = 95%;
Figure 4). However, the relationship between rain-
fall and SHB infestation levels in individual colo-
nies within the same apiary in the seven states in
each of the forest and savannah ecosystems
showed no significant correlation for either forest
(τ b = 0.057, p = 0.291) or savannah (τ b = 0.053,
p = 0.321, CL = 95%).

4. DISCUSSION

Our data show that SHB infestations of African
honey bee (A. m. adansonii ) colonies are com-
mon in both forest and savannah ecosystems of
Nigeria. The results also indicate a substantial
impact of environmental factors on these SHB
infestation levels. Infestation levels were higher
in forests compared to savannah, and a positive
correlation was observed between local rainfall
patterns and infestation levels. Most likely, higher
soil moisture in forests due to higher precipitation
promotes local SHB pupation and consequently
infestation levels of honey bee colonies.

Data collection at each apiary (e.g., via data
loggers) might have provided even more robust
estimates of the investigated environmental pa-
rameters. However, this was clearly not feasible
due to the rather difficult logistics in the diverse
habitats across Nigeria. Temperature had no sig-
nificant effect in this study, probably because the
range of tested regimes lays well within the opti-
mum for SHB pupation (Neumann et al. 2001;
Mürrle and Neumann 2004; de Guzman and
Frake 2007; de Guzman et al. 2009; de Guzman
et al. 2010; reviewed by Neumann et al. 2016).
Indeed, at continental scales, temperature can play
a key role, e.g., limiting the northern distribution
limit of the SHB in Canada (Giovenazzo and
Bernier 2015; Neumann et al. 2016).

Local SHB infestation levels did overall pos-
itively correlate with rainfall, probably due to
the key role it plays in regulating soil humidity
and the respective impact on SHB pupation
(Ellis et al. 2004; Meikle and Diaz 2012). How-
ever, there might be differences with respect to
the ecosystem. Indeed, rainfall did significantly

Figure 3. Local temperature and infestation levels of A. m. adansonii colonies with adult small hive beetles per
colony. No significant correlation was found (Kendall’s tau_b τ b = 0.113, p = 0.078, > 0.05).

Small hive beetle infestation levels of honey bee colonies correlate with precipitation and forest cover 521



correlate with SHB infestation levels in the
forest; this was not the case for the savannah.
What are the possible reasons for this differ-
ence? It seems obvious that rainfall is a key
factor determining soil moisture levels. While
there is ample high rainfall in the forest zone in
Southern Nigeria, which contributes to high
soil moisture content, the savannah of Nigeria
is characterized by low and erratic rainfall
(Afolabi et al. 2009). Our results show accord-
ingly that SHB infestation levels were signifi-
cantly higher in the forests compared to the
savannah. Other factors may also come into
play. It is known that adult SHBs tend to prefer
shaded colonies over sun-exposed ones
(Arbogast et al. 2007, 2009; but see Ellis and
Delaplane 2006). In the forest, the trees form
complete canopies (Nardkarni 1994) while in
the savannah, the trees are widely spaced (Buba
2015). Furthermore, on the forest floor, fallen
leaves and other decaying organic material and
the fauna, e.g., abundant other beetles

(Nardkarni 1994), are likely to improve soil
type, thereby further contributing to SHB pu-
pation success (Ellis et al. 2004; reviewed by
Neumann et al. 2016). Moreover, wild and feral
bee colonies (Hepburn and Radloff 1998), al-
ternative hosts (i.e., stingless bee colonies;
Wade 2012, cf. Neumann et al. 2016), and/or
alternative food sources (i.e., on fruits;
Buchholz et al. 2008) that provide additional
reproductive opportunities may be more abun-
dant in the forests compared to the savannah. In
conclusion, there are several possible reasons
why forests can display higher SHB infesta-
tions levels. Since the significant positive effect
of rainfall was only observed in the forest, this
suggests that those factors impacting SHB pu-
pation are more likely to contribute.

It is evident that rainfall and forest alone
cannot explain SHB population dynamics.
Even though few other data are available, there
seems to be considerable variation in the corre-
lations between SHB infestation levels and

Figure 4. Local rainfall and infestation levels of A. m. adansonii colonies with adult small hive beetles. A significant
positive correlation was found (Kendall’s tau_b τ b = 0.141, p = 0.035, < 0.05).
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environmental factors. In Louisiana (USA),
SHB abundance was significantly correlated
with the proportion of hot days, but not with
the proportions of cool, dry, or humid days, or
the percentage of days with rainfall (de
Guzman et al. 2010). On the other hand, trap
captures in Kenya indicated that SHB, present
in honey bee colonies in low numbers all year
round, is most abundant during the rainy sea-
son, with over 80% trapped during this period
(Torto et al. 2010). Likewise, traps installed in
Kenya in front of infested hives over an entire
year showed that more wandering larvae left
infested colonies during the Bkusi monsoon^
(Arbogast et al. 2012). In contrast, both adult
and larval SHB were more often found inside
colonies during the dry season in Nigeria com-
pared to the wet season (Lawal and Banjo
2008). All these observations taken together
strongly suggest that many more factors are
involved to explain local SHB infestation
levels, i.e., abundance of wild/feral honey bee
colonies, alternative hosts, natural enemies,
sanitat ion at apicultural facil i t ies, etc.
(Spiewok et al. 2007; reviewed by Neumann
et al. 2016). Our observations of differences in
SHB populations between forest and savannah
as well as the positive correlation with precip-
itation support the view that environmental fac-
tors can be important drivers of local SHB
infestation levels.

5. CONCLUSION

Under the temperature conditions of the study
region, precipitation and a forest cover appear to
impact SHB infestation levels of honey bee
colonies.
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Les faibles niveaux d'infestation des colonies d'abeilles
mellifères par les coléoptères des ruches sont en corré-
lation avec les précipitations et le couvert forestier

Aethina tumida / Apis mellifera adansonii / écosystème /
abeille mellifère / parasite / petit coléoptère des ruches

Der Befall von Honigbienenvölkern mit dem Kleinen
Beutenkäfer korreliert mit Niederschlägen und dem
Umfang der Bewaldung.

Aethina tumida / Apis mellifera adansonii / Ökosystem /
Honigbienen / Parasit / Kleiner Beutenkäfer
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